SHEEP BREEDI NG RESEARCH AT TRANG E
| NTRODUCTI ON
B.J. MG RK

Research into the genetic inprovement of the Australian Merino was initi-
ated in the 1940's. Al nost  sinultaneously, independent research programmes
were started at Trangie and by the CSIRO at both Badgery's Creek and Cunnamul | a.
These studies were anong the first to estimate genetic variation for production
characters in sheep, and again anong the first in checking the reliability of
selection theory in predicting responses in donestic |ivestock.

Since its inceptionthe Trangi e sheep breeding programme has examined a
wide range of topics related to the inprovenent of the Australian Merino. This
review wi | | not attenpt a conprehensive assessment of that programme but will
concentrate on three areas which were considered inportant at the outset and
are still of interest today. These are selection for increased wool production,
selection for increased reproductive performance, and the inportance of skin
fold as a breeding objective in the Australian Merino. In review ng these
research findings, reference will be made to similar studies conducted at
other research centres, especially those undertaken by the CSIRO. In addition,
we will attenpt to indicate the extent to which recomendations arising from
these research programmes have been adopted by the Merino Industry.

BEG NNI NGS AT TRANG E
F.HW MORLEY**

In the late 1940's livestock inprovement was poised to exploit the new

understanding of breed inprovenent which was based largely on the theory of
quantitative genetics as devel oped by Fisher, Wight and Haldane.  Lush,
Di ckerson and Hazel had extended this theory to exanine the nerits of different
approaches to livestock inprovenent, including progeny testing, mass selection
and between and within-famly selection. The devel opnent of selection index
theory had also helped to identify breeding objectives and selection criteria
in comrercial breeding programmes.

The remarkabl e devel opment of the Australian Merino had been achieved
without the aid of quantitative genetic theory, and fleece weights had doubled
in the previous 80 years. Neverthel ess many breeders were concerned about
the lack of obvious inprovenent in fleece weights since the 1920's, and were
searching for better methods. The zero or slow rate of inprovenent in fleece
wei ght was interpreted in some quarters as indicating a low heritability,
perhaps due to inaccurate assessnent. O her explanations offered included
antagoni sm between characters and the operation of genotype-environnent inter-
actions, as the "stud" environnments were nmarkedly superior to those found in
most commercial flocks. Sel ection for show points also came under fire.

The publication of Hagedoorn's (1939) book, and the subsequent visit of

* Departnent of Agriculture, Agricultural Research Station, Trangie,
N.S.W  2823.

** University of Melbourne, Veterinary Cinical Centre, Werribee, Vic. 3030.
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the Dutch poultry geneticist also served to question traditional selection and
breedi ng et hods. He was a strong supporter of progeny testing as the key to
|ivestock inprovenent, though his nucleus scheme had been developed for sire
selection for egg production in poultry, where the expression of the nobst im
portant trait is obviously sex-limted. Wi | e his enmphasis on progeny testing
received some support from breeders, the devel opment of soundly-based breeding
programmes for the Australian Merino clearly called for a major sheep breeding
research progranmme.

TRANGIE PLANS

Research on breeding for resistance to blowfly strike was initiated at
Trangie by Dr. H G Belschner in the 1930's. Since other production attributes
had to be maintained, the objectives were broadened and the programre directed
t owar ds:

1. Determning which characters should be investigated, characters such as
fleece weight, fertility and resistance to flystrike;

2. Providing the necessary facilities, including land, animals and |aboratories;

3. Devel oping neasurenent techniques and nanagement procedures for the breed-

ing flocks;

Collecting data from animals born as the result of controlled matings;

Estimating genotypic and phenotypic paraneters;

Fornul ating breeding plans and pronoting these to the industry and breeders.

o0k~

O the characters available for study, clean fleece weight called for
early attention, as it and fibre fineness largely deternined the incone a
grazier mght expect. The adaptation of the sheep to the environnent, as
expressed in its reproductive performance, was also obviously inportant.

Wiile susceptibility to breech strike could be largely overcome by the Miles
operation, body strike was a problem which required attention. There al so
seemed some justification for reducing the degree of skin folding as a neans
of reducing shearing injuries. Beyond these broad objectives there was con-
siderable wuncertainty, especially as to the inportance of many wool characters
in breeding progranmes.

In all there were approxi mately 5000 medi um wool Peppin sheep on the
Station. This included a stud flock of 400 ewes (Registered Flock No. 78),
which were not used for research purposes, and a flock of approximtely 2000

second stud ewes which could be. There was plenty of land to run the experi-
nent al sheep, but facilities for nunmerous controlled matings had to be devel op-
ed. Techni ques of artificial insemnation were nmodified to suit the circum

stances and were the basis of many of the controlled matings which were made.
Reliable fences had to be built to ensure the accuracy of pedigrees from pad-

dock matings. There was no |aboratory or facilities for analysis of wool
sanpl es and even basic resources such as a supply of electricity were not
avail abl e. A laboratory with facilities for scouring sanples and for estimat-

ing yield and fibre diameter was started in 1948 ‘and conpleted in 1950.

Experinental matings had been nmade during the 1930's and early 1940's
between sheep of varying degrees of skin folding on the breech. This programe
was nodi fied and expanded into a "Progeny Testing" flock in 1943. Initially
four rams were tested, two of which were donated by the Bundemar stud. The
progeny of one of these rams cut sone ten percent nore wool than the progeny
of the others. The Index flock as it came to be known consisted of 700 to
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800 ewes which were drawn initially from the "Second Stud". O these, 30 to
40 percent were mated to two or three proven sires and the remainder to about
15 young rans for progeny testing. This flock gave both encouraging results
and large anounts of data suitable for analysis. By 1951 the ewe hoggets in
the "Index Flock" were producing clean fleeces as heavy as those of the stud
and were appreciably plainer.

DEVELOPING THE PROGRAMVE

As data accunulated the need for training in genetic analysis became
painful ly evident. In 1948 | was fortunate in receiving a CSIRO studentship
to study with Lush, Hazel, and Kenpthorne at |owa. Data from Trangie, includ-
ing those posted to nme from Trangie in 1949, fornmed the basis of the first
genetic analysis of a Merino flock. The first estimates of genetic parameters
were based on too few animals to be regarded as definitive. Neverthel ess they -
were internally consistent in suggesting that the heritabilities of fleece
weight, crinmp frequency, hoggetliveweight, and skin folds were high (Mrley
1951) indicating that selecting on an animal's own performance for such
characters should lead to satisfactory rates of genetic progress (Mrley 1952).
The negative genetic correlation between fleece weight and crinp frequency
could be expected to restrict progress in fleece weight if crinp frequency was
also to be held constant (Mrley 1955).

These anal yses were extended on ny return to Trangie, to include both
additional information on production characters and data on such subjectively
scored characters as wool colour, character and handle, and both birth coat
and face cover (Mrley 1955b). The analyses of the production data confirned
the lowa findings (Mrley 1955a), and inbreeding was shown to have a serious
depressing effect on production (Mrley 1954).

At the sane time a nunber of experinental flocks were established to
check the reliability of these statistical analyses in predicting response to
sel ection. An additional aim was to devel op genetically diverse groups which
could provide material for fundamental research on the physiology of wool

production and perhaps in other fields related to sheep production. Four sets
of plus and minus selection flocks were started, each of 100 ewes and these
were joined to five rams which were replaced each year. The sole criteria of

selection, apart from excluding animals with defornmities and black wool, were
weani ng wei ght, skin folds, fineness (crinps per inch), and clean fleece

wei ght . An additional flock of 200 ewes and ten rans with selection at random
constituted a control. The first results from these selection experinents
generally supported predictions based on estimates of genotypic paraneters.

A thorough assessment was also made of breeding plans for the Merino
industry, including a study of the optinum nunber of age groups of rans for
genetic improvenent and the relative nerits of selection based on individual
performance ("mass selection") or progeny test results (Mrley 1955c). Thi s
i ndi cated that near-maxinmum rates of inprovement in fleece weight could be
obtained from mass selection without resorting to progeny testing or conplex
systens of pedigree eval uation. Accordingly the progeny-testing programme
initiated in 1943 was nodified so that selection of replacement breeding stock
was based solely on their own performance. The Index flock, which cane in
time to be called the Selection Denpnstration flock, was intended to highlight
probl ens which might be encountered in the application of the best available
information on sheep inprovenent.
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In conjunction with these genetic investigations, a considerable amunt
of field research was also undertaken, and produced many val uable benefits.
These included nodifications to the Miles operation, techniques for the
application of insecticides, especially for blowfly control, and determning
seasonal variation in reproductive activity. The genetical studies thus
became part of a broad programme of research on the biology and econonics of
sheep production.

| NDUSTRY  APPLI CATI ON

By 1954 the research at Trangie and that from CSIRO fl ocks showed that
fairly rapid genetic progress was possible, provided characters were measured
accurately from animals run together, and provided that these neasurements
formed the main basis of selection. If the studs inplenented such programes,
genetic benefits should pass to the whole industry as genotype x nutritional
interactions appeared to be relatively uninportant (Mrley 1956,).

At a conference at Sydney in May 1954 of sheep and wool extension officers
from all States the mmjor concepts were accepted with some healthy scepticism
but also with enthusiasm There was general agreement that selection of
Merino sheep could be inproved if it were based on objective measurenments. This
necessarily downgraded the finer points hitherto (and now) so widely considered
in sale and show judging. Plans were made for the training of extension
workers, and for dissemnation of the new approaches to breed inprovenent.

The main objectives of the genetic programme had thus been realised.
oviously nore research was needed to inprove measurement procedures, partic-
ularly for fibre dianeter. The long-term consequences of intense selection
for production characters needed to be nonitored, while the possibilities
for inproving reproductive performance by selection warranted attention. But
the major aim was to apply inproved nmethods of selecting for increased wool
production, by nodifying selection and breeding practices in the studs. This
devel opnent offered great opportunities to enterprising breeders. The bal
was now in the court of the industry and its advisors.

THE EFFECTS OF SELECTION FOR | NCREASED FLEECE VEI GHT

B.J. McGUIRK

Single character selection flocks were established at Trangie both to
check predicted responses to selection, and to provide genetically diverse
material for physiological investigation. In addition, comercially-oriented
flocks were established to provide information on the long-term effects of
adopting recommended breeding programmes, where the enphasis was on inproving
wool production.

In the Fleece Plus flock selection has been solely for increased clean
fleece weight at hogget shearing (Pattie and Barlow 1974). The effects of
selection in this flock have also been estimted over a nunber of years using
a Fleece Plus Relaxed flock, which was split off from the Fleece Plus flock in
1968 and maintained without selection until 1973. Reference will also be.
made to the Fleece Mnus flock, in which selection has been solely for reduced
clean fleece weight, and to the Crinps Plus and Mnus flocks (Robards and Pat-
tie 1967). Responses in all of these flocks have been estimated as deviations
from an unselected control flock, referred to as the Random fl ock.

The Selection Demonstration flock was devel oped from a progeny testing
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programre and subsequently operated as an "open-nucleus" flock, with a ram
breeding Nucleus of 200-300 ewes, and a comnmercial Flock of 400-500 ewes. Selec-
tion of replacement breeding stock was primarily for increased clean weight,
after a prelimnary culling of animals with excessive face cover or skin fold,
or with low crinp frequency. Wile it was originally a closed flock, a snall
number of rams were later introduced either for experinental purposes (to intro-
duce the poll gene) or where animals with outstandingly high performance were
available from studs. The Selection Demonstration flock was dishanded in 1972,

RESPONSES TO SELECTI ON

Selection increased clean fleece weight in the Fleece Plus flock and in
both the Nucleus and Flock portions of the Selection Demonstration flock

(Figure 1). Averaged over five drops of hoggets, the Fleece Plus Relaxed flock
produced seven per cent nore greasy wool and 16 percent nore clean wool than the
Random control flock. These-gains were achieved by 16 years or six generations

of selection.

3

% SUPERIORITY OVER CONTROL
3

52 57 62 67 72 7
YEAR OF BIRTH

Fig. 1 Responses in clean fleece weight

B Fleece Plus, rams and ewes, 1952-77
@ Selection Demonstration Nucleus, ewes only, 1956-68
o Selection Demonstration Flock, ewes only, 1959-65

Pattie and Barlow (1974) exami ned fleece wei ght responses in the Fleece
pPlus flock over the period 1952-1965 and concl uded that response had pl ateaued.
one of the difficulties in assessing such a claimis the variation in annual
wool production in the Random flock. A further conplication is that the ap-
parent superiority of the Fleece Plus flock in a particular year appears to be
directly related to the | evel of performance of the Random flock (B.J. McGuirk
unpubl i shed data).. In order to mnimse the annual fluctuations, percentage
difference between the flocks have been averaged for 5 four-yearly intervals
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(1952-55 drops, 56-59, etc.) , and two final three-year-period (1972-74, 1975-77)
drops. Then we find the Fleece Plus flock's superiority as follows: 11.8, 17.3,
17.7, 16.2, 19.1, 19.8 and 26.5% Wile this break-up of the data is arbitrary,
it suggests that response to selection is still being achieved, and that gains

over the period 1952 to 1977 are approximately one per cent per year.

The analysis of selection responses in the Selection Denonstration is
only prelimnary at this stage but average gains in clean fleece weight are
approxi mately one per cent per year over the period 1956 to 1968. Nucl eus
and Fl ock hogget ewes were not run together in all years but in nost years in
which they could be conpared, the Nucleus hoggets produced nore clean wool .

TABLE 1 Differences between Fleece Plus Relaxed and
Random hoggets (5 drops)
Fleece Plus Relaxed Random

Greasy fleece weight (kg) 4.56 4.27
Yield (%) 68.4 62.9
Clean fleece weight (kg) 3.11 2.67
Body weight (kg) 35.0 35.5
Staple length (cm) 9.5 9.1
Crimp frequency (crimps per inch) 8.5 10.7
Fibre diameter (microns) 22.1 20.6

Correl ated responses in the Fleece Plus flock were described in detail
by Barlow (1974). Differences between the Fleece Plus Rel axed and Random hoggets
show that selection for increased fleece weight produced wool with a higher
yield, longer staples, fewer crinps per inch and a higher average fibre dianeter,
all of which were expected. As in the CSIRO flocks selected for increased
fleece weight (Turner et _al. 1970), gains in fleece weight in the Fleece Plus
flock were achi eved primarily through an increase in the conponents of wool
production per unit area of the skin (WIlianms 1970), rather than through in-
creases in those affecting the wool growing surface area (body size and skin
wrinkle).

The voluntary feed intake of Fleece Plus and Mnus sheep is sinilar and
the increased wool production of the Fleece Plus flock due to an increased effi-
ciency in converting feed into wool (WIliams 1980). Differences between the
Fleece Plus and Random flocks in wool production per unit area of skin and in net
efficiency appear to be increasing with tinme (Robards et al.1972). As intake is
increased so too does the fleece weight superiority of the Fleece Plus and Sele-
ction Denonstration flocks (saville and Robards 1972). The differences observed
in feed efficiency appear to reflect differences in cystine utilisation (WIIlians
1980). Correspondingly wool production in the Fleece Plus flock is particularly
responsive to infusions of cystine and methionine (WIlians et al,1972).

Selection for increased fleece weight also |owers the sul phur concentra-
tion of the wool (WIliams 1980). The effect is not sinply one of dilution in
a higher level of wool production, as the total sulphur output is generally
greater fromthe Fleece Plus animals,especially when the availability of sul phur
-containing amno acids is high. Sinilar differences in sulphur content have
been found between Crinps Plus and Mnus wools and these have been associated
with a variety of other chemical changes, including a |ower yield of high-sulphur.
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wool proteins, changes in both proportions and sul phur content of some of the
hi gh-sul phur subfractions and changes in anmino acid conposition (see MGQuirk
1980) .

A nunber of manufacturing characteristics are likely to be affected by
such differences in sul phur content. These include the ability of wool to
take and retain set and resistance to conpression. Differences in setting
characteristics between Crinmp Plus and Mnus wools have been confirmed (Canpbell,
et al.1972), while resistance to conpression is negatively correlated genetically
with fleece weight (Watson et al.1976). However both of these undesirable
changes can be renedied during processing. Provided there is no increase in
average fibre diameter, selection for increased fleece weight should inprove
nmost aspects of worsted manufacturing performance (Lipson and Wlls 1962), pro-
bably because the incidence of short fibres is reduced.

SELECTION FOR SKIN FOLDS AND FERTILITY'
K. D. ATKI NS*
SKIN FOLDS AS A BREEDI NG OBJECTI VE

The optimum | evel of skin folds for a Merino flock has |ong been a mat-
ter of debate. Vhile it is well recognised that heavily devel oped sheep are
more susceptible to breech strike and pose additional management problens, pro-
ducers have been reluctant to breed a plain-bodied Merino on the grounds that
wool production woul d decline. The denser, lower yielding fleece commonly found
on devel oped sheep was also thought to offer inproved protection against water
and dust penetration

Fl ocks selected for high and | ow I evel s of skin fold, the Folds Plus and
Folds Mnus flocks, were established at Trangie in 1951 and nmmaintained until
1972. Sel ection was effective in both directions and the realised heritability
for the divergent selection programme of 0.36% .04 over the period 1951 to 1969
(McGuirk 1973) agreed well with the heritability estimate of 0.4 for the base
popul ation (Morley 1955a).

Sel ection for increased skin fold led to a noderate increase in greasy
fleece weight, but as wool yield was lower, there was only a small increase in

clean fleece weight. The average realised genetic correlations were +0.31,
-0.11 and +0.18 respectively for greasy fleece weight, yield and clean fleece
weight (B.J. MQirk unpublished data). The increase in surface area result-

ing fromincreased folds was largely offset by a decline in wool production per
unit area, principally fromreduced staple length (Robards et al.1976). Simlar
results were reported by Turner et al.(1970) for the CSIRO wrinkle sel ection
flocks, where the high winkle flock cut no nore wool than the control. As the
Trangi e Folds Plus sheep had higher feed requirements for maintenance than con-
trol flock animals (Robards et al.1976), selecting for increased skin folds is
clearly a very inefficient nethod of selecting for increased fleece weight.

The higher yolk content (or lower yield) or wool from the Trangie Folds
Plus animals did not increase resistance to fleece rot. Qver the period 1963
to 1972, the average incidences of fleece rot anong hoggets in the Folds Plus,
Random control and Folds Mnus flocks were 43 percent, 41 percent and 40 percent
respectively (K. D. Atkins and B.J. MQirk unpublished data).

The nost dramatic correlated response to selection for skin fold occur-
*Departnent of Agriculture, Agricultural Research Station, Trangie, NS.W. 2823.
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red in fitness characters. This is best summarised by conparing the Folds Plus
and Mnus flocks on net reproductive rate, measured as the number of ewe hogget
repl acements produced by a ewe in her lifetine. Dun (1964) estimated a net re-
productive rate for Folds Plus ewes of 1.248, conpared with 2.270 for Folds

M nus ewes. Wastage from the breeding flock due to deaths or necessary culling
was higher anong the Folds Plus ewes, and the reproductive performance of the
Folds Plus flock was poorer due largely to a higher proportion of dry ewes, and
hi gher lamb | 0sses between birth and weaning. The difference observed by Dun
in the percentages of wet ewes underestimates the true difference between the
Folds Plus and Mnus flocks as higher proportion of Folds Plus rams were reject-
ed for poor semen quality prior to joining (McGuirk 1969). The superiority of
the Folds Mnus flock in wet ewes and litter size was greater in years of adver-
sity (Dun 1964).

The relative contribution of ram and ewe effects to the differences in
reproductive performance between the Folds Plus and Mnus flocks is not clear,
but both probably contribute. Dun and Hanilton (1965) attributed the total
difference in flock fertility between the Folds Plus and Folds Mnus groups to
differences in ram fertility. On the other hand, McGuirk (1973) estimated a
negative genetic correlation between reproductive performance of ewes and their
fold score in the Trangie popul ation.

The results from the Folds Plus flock clearly point to the undesirable
effects on reproductive performance and overall fitness which could arise from
selection for increased skin folds. At the same tine, selection for reduced
skin folds lead to lower clean fleece weights so that selection for reduced
skin fold was more effective in reducing fleece weights than selection for in-
creased skin folds was in increasing wool production.

THE FERTILITY FLOCK

The Fertility flock was established in 1959 with the aim of increasing
reproductive performance by inproving twinning and lanb survival and by reduc-
ing the nunber of dry ewes (Atkins and Robards 1976). There was also some
selection for increased fleece and weaning weights and for reduced levels of
skin fold and face cover., Body size, skin folds and face cover were included
as selection criteria both to inprove easy care characteristics and because they
were thought to be correlated with inproved reproductive performance. The
sel ection programme was discontinued in 1974.

The reproductive performance in the Fertility flock has been conpared
with that in an unselected Random control flock for the final three years of
selection (1971-1973) (Table 2). The Fertility flock is superior in all neas-
ures of performance, but not all of this difference is necessarily genetic.

Some portion probably represents current generation inprovement, as all ewes
that were dry in any year or which lanbed but failed to rear a lanb to weaning
were cull ed. Part of the difference may also represent a mating management
effect as the Fertility ewes were joined to a syndicate of rams while the Random
ewes were paddock-joined to individual rans.

In an attenpt to apportion the total response into genetic and non-genetic
responses, the difference in reproduction rate between Fertility and Random fl ock
was estimted separately for each year between 1959 and 1973, and for each age
group of ewes. The annual rate of divergence of the flocks was then taken as
the estimte of genetic progress, with the intercept of the regression line in-
dicating the combined effects of mating managenment and current generation gains.
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TABLE 2 Reproduction rate of Fertility and Random control
flocks between 1971 and 1973
Component Fertility Random
flock flock
Ewes lambing/ewe joined 0.92 0.78
Multiple births/ewe lambing 0.52 0.32
Lambs born/ewe joined 1.47 1.10
Single lambs surviving to weaning/
single lamb born 0.93 0.86
Multiple lambs surviving to weaning/
multiple lamb born 0.85 0.78
Lambs weaned/ewe joined 1.24 0.91

When pool ed across ages, the estimated rate of genetic inprovenent in
ewes |anbing per ewe joined and |anbs born per ewe joined were respectively
0.03% and 1.8% per year. Since the means in Table 2 correspond to approxinate-
Iy 10 years of selection, the predicted genetic difference between the flocks
woul d be 0.3 percent and 18 percent for ewes lanbing and |anbs born respectively.
Thus about half the observed difference in lanbs born per ewe joined would appear
to be genetic.

Cenetic gainswere also achieved in clean fleece weight and weaning
wei ght . The estimated rates of inprovement were .036 kg or 1.3% per year for
hogget cl ean fleece weight and 0.3 kg or 0.8% per year for weaning weight. Face
cover and skin fold scores have both been consistently lower in the Fertility
flock (Table 2).

| NDUSTRY ACCEPTANCE OF TRANG E SHEEP BREEDING RESEARCH
RECOMMENDATI ONS
B.G BarLLie*, N. W BENNETT**, and J.A BUTT+

The major aimof the Trangi e sheep breedi ng programme has been to pro-
vide the Merino industry with soundly based breeding programmes. In New South
Wales the Merino studs provide the great majority of rams used in commercial
flocks, so that genetic progress in the. industry is largely determned by the
sel ection and breeding practices in the studs (McGuirk 1976). In promoting re-
commended breeding programmes, the extension canpai gn has attempted to inprove
these practices, generally by incorporating objective information on production
characters.

There are some well established principles of extension theory which are
inportant to bear in mind when attenpting to change industry attitudes. The
target audience must see the suggested changes as being relevant to their needs
and goals, as offering real rewards. preferably in the formof financial incen-
tives, and as being achievable with the resources available and not too conplex.
The chance of success is increased if the suggested changes have already been
shown to work under commercial conditions. The extension nethods chosen for the
canpai gn should be appropriate both for the target audience and for the subject
of the canpaign. And the credibility and conmunication skills of the extension
worker will also influence the chance of success.

Departnent of Agriculture, Gunnedah*, Goulburn**, Cowra+, N. S. W
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FLEECE MEASUREMENT AND SELECTION FOR FLEECE WEI GHT

The procedure recommended to incorporate fleece measurement information
into fleece weight selection programmes was the 'half-classing’ method proposed
by Morley (1955c). This allowed for a prelimnary culling on wool and body faults
but selection was directed mainly to increasing fleece weight. However, despite
the considerable efforts of both research and extension workers, only a nminority
of studs nodified their traditional classing procedures. Mbst studs continued
to select sire replacenent by visual assessment and the few studs which obtained
fl eece neasurenent information generally did so only for their reserve rams (Sav
-age and McGuirk 1976).

Probably the overriding reason for the slow adoption of fleece neasure-
ment by the stud industry was that breeders did not see its application as rele-
vant - they did not see the need for change (Aninmal Production Conmittee 1974).
To the breeder, fleece weight was only one of the many characteristics to be con-
sidered when selecting stud sires. Sheep classers claimed they were accurate
enough in identifying the heavy cutters, especially as they were also attenpting
to inmprove wool quality and conformation traits. Studs did not see any obvious
financial benefits in adopting the recommended breeding programes, and many
felt that their position within the well established hierarchy of the stud
i ndustry would be jeopardised. And it was difficult to see how the recommended
programme coul d be inplemented without najor nodifications to a stud nmanagement
programme.

During the 1970s industry attitudes to fleece neasurenent began to
change.  The biggest single influence was undoubtedly the introduction of objec-
tive. measurement to wool auction sales. Sheepmen began to tal k about vyields
and nmicrons and it seenmed logical to sone at least that if wool was to be sold by
measurenment and classed along objective standards, then surely the process shoul d
flow through to sheep breeding. A further inportant devel opment was the adoption
by a nunmber of studs of breeding programmes that placed considerable enphasis on
fleece neasurenent, denmonstrating that objective information on fleece characters
could be incorporated into comercial breeding programres. These studs al so de-
vel oped flock ram grading schemes based on measurenment, and showed that flock
owners were prepared to buy flock rams in short wool.

In 1977 a new extension programme was initiated by the New South Wales
Departnent of Agriculture to capitalise on these developments. . Central to this
programme Was the establishment of a free fleece measurenent service operated
from Trangie Research Station.

The service encouraged studs to test whole drops of rams and this en-
abled flock ram buyers to select rams with the aid of information on greasy wool
production and fibre diameter (McGuirk 1978). But the service had the broader
aim of educating stud and flock breeders to the value of objective measurenent
as an aid in breeding programes. It was hoped that an inproved understanding ,
woul d lead to greater use by stud breeders in the selection of their own sires.

Since the introduction of the Trangie service an increasing nunber of
studs are having all their rams nmeasured. During 1979 the service neasured
3500 rans from 130 studs which represented 40 percent of all Merino rams sold in
New South Wales. A nunber of factors have contributed to the early success of
the service. The opinions of stud breeders and classers were sought before it
was started, and they have been regularly infornmed of all relevant devel opments.
Extension officers have strongly identified thenselves with their 'own' service,
and actively pronoted it. This has led to nuch closer contact between the ex-
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tension worker and stud breeder, both in the collection and interpretation of

the results, and in planning nanagement changes which were needed to neet the
physi cal requirenments of the service. For exanple, rans had to be shorn twice -
once as lanbs and again some nonths later. This meant an extra shearing for many
studs. Extension officers had to recognise the structure and requirenments of in-
dividual studs plus the need to econonically justify policy and managenent
changes.

Commercial producers have shown that they are prepared to pay nore for
higher producing rams. Since 1977 eight Merino studs in New South Wil es have
conducted annual flock ram auctions. At these auctions the production informat-
ion provided by the Trangie Service was made available prior to sale. On each
occasion the prices paid were positively correlated with the rans' greasy wool
production. The extension effort is now directed towards encouraging studs to
devel op ram grading schemes which reflect differences in production, either by
grading on production, or by identifying the heavy cutters within the normal
visual grades. W believe that the nore widespread use of fleece neasurement
as an aid both to stud and conmercial selection decisions will depend heavily on
the influence and buying power of commercial producers. Wth this in mnd, the
New South Wales Department of Agriculture, in conjunction with the New South Wales
Stud Merino Breeders' Association, has launched a statew de extension campaign
aimed at flock breeders, to further explain the benefits fleece neasurenent
of fers them

SKIN FOLDS

The Merino industry believes that a certain amount of skin fold is nec-
essary to achieve reasonable fleece weights. On the other hand, it is generally
believed and recognised that heavily devel oped sheep have a poorer contribution
than plain-bodied sheep, take longer to shear and are nore prone to flystrike.
The Folds selection flocks at Trangie supported these views on wool production
and survival, and also identified the association between high skin fold and |ow
fertility.

The Folds selection programme at Trangie has not had a mgjor inpact on
industry attitudes to skin winkle. Producers are generally unaware of the re-
| ationship found between folds and fertility. Many stud breeders concluded that
the Department was promoting totally plain-bodied sheep, the Folds M nus type,
whi ch they found unacceptable because of their poor wool production. They could
also point to many commercial flocks which expressed a greater degree of fold
than the Trangie Folds Plus sheep, yet produced acceptable and often higher |anb-
ing percentages.

Drinan and Dun (1965) examined differences in production between plain-
bodied and devel oped ewes in comercial flocks in a total of 14 field trials.
Wil e the devel oped ewes cut an average 0.45 kg. nore greasy wool, the plain-
bodied ewes marked an average of 17 percent nore |anbs. However, this difference
in fertility was not consistent in all flocks. Mre recent field trials (Don-
nel ly 1978; Baillie 1978) have indicated sinmilar average differences in produc-
tion, with the plainer ewes showing to greater advantage in fertility in poor
years.

The field trial evidence indicates the difficulties in blanket recomren-
dations regarding the optimum level of skin fold for a particular flock. Were
production differences are known for individual flocks, selection policies can
be deternmined to maximse total econonic returns. Currently, there is a trend
towards plainer bodied sheep in the industry, usually for ease of managenent.
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But changes in skin fold in comrercial flocks will be determined by selection
policies in the studs. Again it is up to flock breeders to change these polic-
ies, by expressing a preference for plainer bodied rans.

FERTILITY

Mbst Merino breeders would prefer higher reproduction rates, in order to
rebuild depleted flocks, increase income from the sale of surplus stock and en-
able nore intense selection of replacenent breeding stock. However, many woul d
choose to achieve this with a mninum of twins and they do not see increased
twinning as an inportant breeding objective. They claim that twins have |ower
survival rates than singles, particularly in dry seasons, and grow more slowy,
and that pregnant ewes carrying twins are nore prone to pregnancy toxaen a.

What many producers do not realise is that twins are necessary to achieve a high
| anbi ng per cent age. Experience from many sheep fertility field trials shows
that for average Merino sheep flocks to approach a lanb marking of 100 percent,
20 to 30 percent of ewes nust rear twns.

There are practical problems in selecting for increased tw nning under
comercial conditions, even though research by CSIRO (Turner 1978) and at

Trangi e has denonstrated that successful programmes are possible. Under ex-
tensive grazing conditions it is often inpracticable to identify twins and twn
bearing ewes, especially when labour is |inmted. And progress is unlikely to

be rapid, as the heritability of reproductive traits in the Merino is |ow

One solution open to producers who wish to inprove the reproductive per-
formance of their flocks is to purchase rams from research flocks of known high
fertility. The availability of Booroola rams (Turner 1978) to industry has cre-
ated keen interest among the small nunmber of breeders interested in producing
highly fertile sheep. To exploit the potential superiority of highly fertile
ewes, it will be necessary to inprove the nutritional management of the breeding
flock, and also to increase supervision of |anbing. If suitable management
procedures can be devel oped and the highly fertile cross can be shown to be both
more productive and nore profitable under commercial conditions, then producers
generally may be prepared to reassess their attitude to twns.

SUMVARY AND CONCLUSI ONS
B. J. McGUIRK

Selection was effective in all of the single character and commercial
selection flocks considered in this review In the single character flocks
which were discussed (the Fleece Plus, Folds Plus and Mnus), direct and cor-
related responses were generally in the direction expected and the realised
genetic correlations in quite good agreenment with estimates obtained for the
Trangie population prior to selection. Based on the Trangie and CSIRO find-
ings, estimates of genetic parameters do seem to provide a reasonable basis for
predicting responses to selection. The agreenent between the Trangie and CSIRO
fleece weight selection results is also reassuring (Turner 1977). This agree-
ment also applies to changes in such characters as the sul phur content of wool
and changes in the efficiency of conversion of feed to wool (see WIlians 1980),
characters for which no estimates of genetic correlations with fleece weight
were available when the selection experinents began.

One of the major advantages of selection flocks is that they facilitate

the systematic and conprehensive study of correlated responses to selection,in-
cluding an examination of the physiological basis for differences in production.
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These physiological studies are of special interest as they may identify alter-
nate selection criteria for characters of econonic inportance. Mre generally
the flocks can be used to predict the long-term effects of inplementing recomen-
ded breeding programmes in the industry. It is in this context that some of

the changes in the high fleece weight selection flocks are of particular inpor-
tance. Based on the available evidence (WIlians 1980; McGuirk 1980), the full
benefits of fleece weight selection programmes will not be realised unless the
availability of sulphur-containing amino acids can be increased. For this reason,
the possibility of supplenenting grazing sheep with cystine or methionine under
comercial conditions calls for further exam nation (De Wt 1975).

Currently reconmended programmes for increasing fleece weight can be
seen as a refinement of current industry practices, as the traditionally m nded
stud breeder is usually attenpting to increase wool production per head. Further
research could contribute to the adoption of fleece neasurenent as a selection
aid. For exanple, nore extensive information is required to convince breeders
that hogget wool production, based on perhaps as little as six nonth's wool
growth, is a reliable "indicator of an aninal's breeding value for lifetine pro-

ducti on. In NNS'W there is also a growing body of opinion that selection should
be on greasy and not clean fleece weight. Selection of greasy weight should not
| ead to an increase in wool yield, which many breeders bélieve Will increase

susceptibility to water and dust penetration.

The situation with twinning and skin folds is somewhat different, in
that their inportance as breeding objectives under commercial conditions needs
to be nore clearly identified and denonstrated to the industry. Industry accept-
ance of the findings is likely to be greater if the necessary field trials are
conducted under conmercial conditions, covering a range of environnments, strains
and bloodlines. The Booroola and Trangie Fertility flocks could contribute
signifieantly to studies on the inportance of twinning to Merino productivity and
profitability, provided that the field trials are supplemented with nore detailed
studies to identify the nutritional and managenent requirenent of highly fertile
eves.
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