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SUMMARY 

In 1951 a seleetion experiment was started with Morino sheep 

by the New South Wales Department of Agriculture at the Agriaultuz'al 

Research Station, TranSU, Flocks of approximately 100 alxed'sge 

ewes and 5 rams were chosen from a large baae population; selection 

being for high (Pius) or law (lUnus) expression of one of the 

following; clean fleece wight, crimp frequency in the wool, body 

weight at weaning and the degree of skin fold development. In 

addition to these sight selection flocks, two control flocks of 100 

ewes and 13 rams were formed from the sane base population, the 

flocks were than alosed and all replacements for the selection flocks 

were chosen for the character and in the direction appropriate for the 

particular flock. Selection of replacements in the control flocks was 

at Random, 

Over the period of 6 generations eirined, 1951 to 1969, 

realised heritability, estimated from the divergence of Plus and Winus 

flacks, was in good agreement with heritability estimates obtained in 

the unselected Trangis population, In three of the four pairs of 

flocks, realised heritability declined with time (1, 4. or 6 generations 

of selection), and downward selection was generally more effective 

than upward selection Problems introduced into such investigations 

by overlapping genrationa were discussed. 

Information on the ewes in the selection and control flocks 

was used to estimate the scops for ewe selection within the Trangis 

population, es well as the effects of age of ewe and selection on ewe 

wastage and reproductive performance, 
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Wastage was lowest among ewsa between first and second 

lashing (11.3 Per cent) and increased to 25.5 per cent between sixth 

and seventh lashing, the last age group eonsider.d. Comparing the 

individual flocks, wastage was highest in the flock selected for high 

akin fold development, but otherwise wastage was littie affected by 

selection. From least squares analyses it was concluded that ewe 

survival in the breeding flock was not influenced by her own type of 

birth, but it was altered by her lashing performance, with em having 

I lamb having a higher probability of surviving to the next or 

subsequent lashings than ewes producing 0 or 2 lambs. 

Again from least squares analyses, it was found that age of 

ewe had a significant effect on reproductive performance, be it the 

number of ewes lashing, or tho numbers of lambs either born or weaned, 

For all such characters, perforase increased up to the fifth lashing 

when the ewes were six years of age, and then declined. Age of ewe 

had little effect on lamb survival to weaning, or on ewe lamb 

survival to 18 months of age. 

Age of ewe effects on wastage and reproductive performance 

were considered together in assessing the consequences of altering 

the age structure of the flocks for total productivity. 

The repeatability of ewe reproductive performance was examined 

and intra-olass correlation estimate, for the numbers of lambs born 

or weaned per ewe Joined were similar (.13) when data on either the 

first five or ten lashings were considered. Higher values were 

generally obtained when the regression method of estimation was used. 

When individual pairs of lambings were oonaider.d, estimates obtained 
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by either method were found to be significantly heterogeneous,, with 

the repeatability declining as the time between the lambings being 

correlated increased. The effects of pooling records and of prior 

selection on repeatability estimates were investigated. Responses in 

current flock productivity to culling ewes without lambs at 

individual lambinge are likely to be small, due to the low 

repeatability of the character end the generally adverse effects of 

modifying flock struotur. 

Twin born ewes were found to give birth to and wean more 

lambs than singlo born ewes. Heritability of various measures of ewe 

reproductive performance was estimated by half-sib anelysis of 

variance separately for each of the tint five lambings. The 

heritability of both lambs born and lambs weaned per ewe joined 

increased from effectively nero at first lambing to a maximem at 

third lambing (.26 and .20 respectively), and then showed a variable 

pattern of decline. When records for a number of leabings were 

considered concurrently, the heritability at a particular lambing was 

lower for ewes that survIved to a later lambing, than it was when all 

ewes were included in the analyses. This finding was discussed in 

relation to the differential probability of ewe survival in relation 

to their lambing performance. Heritability was estimated for the 

number of ewes lashing of thooe joined, and the number of lambing ewes 

with multiple births using methods appropriate for such Binomially 

distributed traits. 

When the heritability estimates obtained separately for the 

individual lashings were used, it was foumd that for a flock of five 

age groups of ewes, more rapid response would be expected from 
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preferentially selecting twin born ewes to enter the breeding flock, 

than from culling ewes already in the breeding flock on their own 

lenbing record. The contribution that selecting ran on their darn' s 

perfarnance could aske to such prograncea was also considered. 

(.uetic correlations were osloulated between the characters 

under selection at Trangi., fleece weight, crimps, weaning weight 

and skin fold, end reproductive perfbrasnee at the first three 

lanbings. These were then compared with the realised genetic 

correlations, calculated from the correlated responses in reproductive 

p.rfareenoe in the selection flocks. Possible reasons for the 

degree of dissimilarity between the tea sets of estimates were 

considered. 



This Thesis is primarily a study of factors affeoting we 

r.produotis parfornaree, and of the detarainants of progress In 

selection proaes ckich ajbt provi6e the basis of attempts to 

isprove this trait in Uoriao sheep. The data utlitsad in this study 

hay, bean drawn in the waft fran sadnals in selection flocks maintained 

the Now South Wales D.psrtosnt of Agriculture at their aesesz'eh 

Station at Trmgloe In 'view of the selection history of these flocks, 

the initial Part of the Tbasis is aoneer**d with the response whieb 

has been obtained to approxieately siz generations of selection 

Apart fran providing a description of the populations M40h are the 

subject of the subsequent analyses, the major concern here is in tha 

neasure of agreement between realized orltabluiw and estimates of 

genetic variation in the Trsaigie population before the selection flocks 

wire established. The study of r.prod.uotive p.rforneneo occupies the 

oentrsl Part of the Thesis. P4Ll%y to lick thee. two topics, the 

reproductive p.rfoa'unse of the selection flocks will be ocopered to 

assess the attest of possible genetic correlations between reproductive 

perfOrmance and the ohazaot.ra subject to selection at Trangie. 

Apart from the f011owing elation on the history and managenent 

of the seleotbrn flocks, which is relevant to all of the euoes44'ig 

3e0t10na, and not withstanding y attempts to integrate the various 

strands of this study, the topics themselves are somewhat disparate. 

Consequently the review of literature has been fragmented sad, presented 

In conjunction with the corresponding analyses, rather than as a single 

overall introduction to the Thesis. 
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Sin.. 1951  the Now South !iaiai Dspertoent of Aoalta'e 

has aeiatsinsd $ solootion ozperia.nt at the Agrioultural Research 

Station, Tranji.. In this ezp.rinsnt, flocks have been ..l.*t. for 

either high or low enpressica of one of * a.b.z" of obara.t.rs, end 

suitable control flocks hay, .lo been aslntain.d. The observations 

to he rsport.& on the" flocks were aollcoted over On period 1951 to 

1969. 

Trangia *gri.ultursl Research station is on the central 

western plains of Now South rialess  and consists of appruziaet.iy 

10000 terse of .ztr].y flat country, lightly tiere4 with an open 

savaim.h p.  of forest. The soil varies fron san4 loss to a heavy 

bla*k aIlupi* forced fran watercoursew spreading out over the flat 

plain. Thor* is very littie natural drainage. In general these 

soils are extremely fertile and respond very rapidly to rainfall, 

Average aenual rainfall Is appreziattely 18 isohas per year, 

with a range fran 8 to 17 inches. There is no dafinite seasons] 

incitonas but there is a tendency for the ser rainfall to .zoe.ct 

that in the  winter, Novevor, the winter rainfall is the were vsluabt•, 

partly booms, of higlwr evaporation loasci in ssor, end also 

beesuss ner rain is often the result of thunderstores and 

eonsequent].y it san be ceet verisbie in inaidsese, 

Suer tesp.rstures are high and reoord.ings of sore than 
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i000p are common from November to February. In winter, temperatures 

below freesing point and frosts are frequently recorded in Jun., July 

and August. 

The Trangla flocks are grazed on natural pastures with 

occasional access to cereal stubble and dry-land lucerne, The,  

natural pasture species have been described in detail by Biddisoombe, 

Cuthbertaon and Hutchings, (19%).  The dominant species vary 

considerably according to season. In summer, various Stipa specie., 
-V 

annual and perennial Chloris species and various .phemeals provide the 

bulk of the grazing. In winter, barley grass (Horde= leporinia), 

burr clover. (fodioaao app.) and some Stipa species are dominant. 

Winter pasture are generally of high quality, make rapid growth in the 

early spring and are killed off by high temperatures in late spring. 

The natural hay so produced provides useful feed In the summer, 

3eouass of extreme temperatures and evaporation, summer rains do not 

often produce much useful forage. 

History of the Trangie Flock 

One of the main objectives in establishing the Agricultural 

Research Station at Trangie was to develop a Merino sheep stud that 

would help improve the breed and provide sheep of good quality for was 

at reasonable price. (Ballard, 1966), The stud, Flock No • 78 in the 

Australian Merino Flock Register, was founded in 1912 aM transferred 

to Trangie in 1915. In its formation ewes were purchased from the 

medium-wool Peppin stud., "Cobran", "Bundemar" and 'W.eaabung, while 

rime were purchased from these three studs as well a. from 

"Deniliquin Stud" • More sheep were obtained from these studs for 
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several years but, from 1920  onwards, no further ewe introductions 

were made to the flock. Between 1920  and 1943 a total of a further 

13 rams were purchased, all from "BuM.mar" • This is a parent stud 

of the Peppin Mono strain (Registered Flock No • ii) so that on the 

classification of Short and Carter (1955), the stud at the Research 

Station would, by 1951, be termed a daughter stud of "BuMemar" 

For mazy years the flook was managed as a commercial stud. 

Animals with obvious physical deformities or black wool would have 

been culled and any selection was for increased fleece weight while 

maintaining wool quality. Fleece weight in this instance was assessed 

visually, a procedure of variable but generally low accuracy 

(Morley, 1955; Riches and Turner, 1955; Maul. and Miller, 1963). 

For this reason, and also because of the general concern of breeders 

with characters not directly associated with production, it could 

reasonably be concluded that the amount of selection applied to 

production characters was not great (Morley, 1951, p. 38). 

In 1943 Morley 0951 et. 	commenced a systematic 

Investigation of the flock at Trangie and especially of the extent to 

which it might be improved by selection. For this study he collected 

information on "second stud ewes", those ewes used to breed sale rams. 

The characters examined included fleece weight, crimp frequency in 

the wool (a measure of wool quality) and body weight. The 

information obtained on these characters was used as an aid in 

selection although the actual intensity of selection was alight 

(Morley, 1955). Mating was usually at random although ewes with the 
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best ph.sotyp., based on clean fleece weight with so.s attention to 

freedom from akin folds, were sated to a snail nimber of raw whose 

progeny had been of high perfornanee (Torl.y, j955).  

In 1951 pairs of closed single character seleotion flocks 

were established and the responses in thise flocks between 1951 and 

199 is the subject of the first section of this thesis, Pairs in 

this context aunt that one flock was selected for high expression of 

the character (Pius) and the other fOr low expression (Mims). The 

characters subjected to selection were clean fleece wejght, crisp 

frequency, weaning weight and skin fold and the eight flocks so 

formed are as follows, 

Fleece Plus 	selected for high clean fleeoe weight 

Fleece Minus 	selected for low clean fleece weight 

Crimps Plus 	selected fOr high frequency of oriaping in the wool 

Crisp. Minus = selected for low frequency of crimping in the wool 

Weight Plus - selected for high body weight at weaning 

Weight Mims - selected for low body weight at weaning 

Folds Plus 	selected for high degree of skin wrinkling 

P0345 Mims - selected for low degree of akin wrinkling 

A detailed description of how these characters were .easur.4 and of the 

numbers of steels available for selection in 1951 will be given later, 

lash flock was initisil.y of 80 ewe, and in the following year the 

number was increased to 100, at which level it has remained, The ewes 

were selected from what will be termed the baai population, second 

stud twos,, born between 1%3 and 1930. Each flock of ewes was sated 

in 1951 to five ij year old rang. In the following year ewes born in 



the bass population in 1950  and 1951 were added to some of the flocks 

and a further selection of rams was made from those born in 1950. 

Thereafter, the flocks were closed, 	we and ran replacements, 

bred in each flock, were selected only for the appropriate character, 

and then in the direction indicated by the name of the flock (Plus or 

Yinu.) • Ary animals with black wool or a crippling deformity were 

rejected. 

As already stated, the first eating of these single character 

selection flocks was in 1951. From 1951 to 1961 the Folds and 

Weaning weight groups were mated in the autumn while the Fleece and 

Crimps flocks were mated in the spring and between 1951 and 1961  these 

two groups of flocks were known respectively as the Autumn and Spring 

mated flocks. Corresponding to each group of selection flocks was a 

control population and these were correspondingly known as the Autumn 

and Spring mated Random flocks. The Random flocks were formed by 

choosing 80 ewes and 10 rams, at random, from the base population; in 

the following year the number of ewes in each was increased to 100. 

Both flocks were then closed and ewe and ran replacements have since 

been chosen at random subject to the same restrictions on black wool 

and physical deformity as applied in the selection flocks • In 19591, 

1960 and 1961  five rams were exchanged reciprocally between the Random 

flocks to minimise inbreeding and random drift between them. From 

1962 onwards the number of rams used in each of the Random flocks was 

Increased to 25. 

In 1962 the Spring meting was altered to April and the Autumn 

mating was advanced so that it took place in March. The group. of 
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selection flocks and their appropriate controls have from this time 

been referred to as Marsh or April mated flock.. For convenience 

wham referring to either group of flocks or Just to the Random flocks, 

the terms March or April mated will be used as a general tern for the 

flocks over the entire period to be considered her., 1931 to 1969 

(a.. Table i,i.i). 

Table 1.1.1 

Time of Mating Termed 
Flocks 

1951-1961 19621969 1951-1969 

ieight Plus Autumn Marsh March-mated flocks 

Weight Minus 

Folds Plus 

Folds Minus 

Random 

- 1951-1960 1962-1969 1951-1969 

Fleeoa Plus Spring April April-aated flocks 

Fleese Minus 

Crimps Plus 

Crimps Mias 

Random 

o1io.y Regarding Disposal of $wes and Rams 

Between 191 and 1961, ewes in the selection flocks were not 

disposed of at a stated age. Each ewe was inspected prior to mating 

and those considered to be inoapabie of rearing another lamb were 

culled. The main reasons for culling were eaaoiated body condition, 



faulty udders or teats, and broken mouths. From 1962 onwards a 

general policy of casting ewes at 6 years of age (after 5 possible 

lanbings) was adopted. Several years elapsed before the policy became 

fully effective and subsequently it was occasionally relaxed if 

additional flock matings were required for some special purpose. 

After it was determined how many ewes were to be culled or cast for 

age, sufficient maiden (14 years old) eisa were then selected to 

maintain flock size. 

Rams were used once, at 14 years of age, in all years other 

than 1954.. In that year the rams used in 1953 were again mated in 

the March sated flocks as there was me Autumn sating in 1952. 034cr 

rams were also used in the Weight Plus and !inus flocks in 1968 and 

1969 as these flocks had been mated to Border Leicester rams in 1966 

and 1967. 

Matingj Routine 

Two to three weeks prior to the commencement of mating, 

samples of semen were collected by eleotro-ejaoulation from selected 

rams in both the single character u].eotiozt flock and the Random 

flocks, and from a number of reserves in each. These failing to 

produce semen showing rapid wave motion, even after three consecutive 

daily collections, were rejected in favour of replacement sires. 

The following mating procedure was adopted for the selection 

flock for the years 1951 to 1961, Mating oomm.nesd with ertifinisi 

insemination (A.!,) ($orrant and Dun, 1960), As five rams were mated 

with 80-100 ewes high sperm dose rates (100-300  x 106)  were used. 

Any collection showing poor motility was rejected. After throe weeks 



of A.I, natural service was allowed for a similar period, Joining one 

ram with 40-50 ewes. The rams chosen for paddock joining had been 

lightly used during A.I. 

From 1962 onwards, the selection (looks were psddook Joined 

for five weeks with one ran to 20 ewes. The rams were fitted with 

Sire-nine crayons and harness (Redford, Watson and Wood, 1960). 

Occasionally a ram was replaced if he was not seen to be mounting ewes 

or if return rates among the ewes appeared unusually high. 

Both Random (looks have always been mated by the same method. 

In the period 1951 to 1961 9, A.I. was used for three weeks with  semen 

being oolleeted from eight rams. In the following three weeks of 

paddock joining,, two previously unused rams were each joined with 

40-50 owes. From 1962  onwards, 20 out of the 25 rena selected in 

each flock were used in A.I. which again lasted for three weeks. In 

the following two weeks of paddock Joinings, each flock was Joined with 

five rams, with groups of one rem to 20 ewes in separate paddocks. 

There were a number of exceptions to the routines listed 

above for the March mated flocks. There was no autumn eating in 1952 

because of drought. Flooding in 1955  destroyed so much fencing that 

mating was changed to fire weeks of artificial insemination, while in 

1956 floods caused the cessation of mating after 17 days. 

Lamb mm Routine 

It is again convenient to consider the total period covered 

in two sections, 1951 to 1961 and 1962 to 1969. 

From 1951 to 1961  all ewes in the March or April mated (looks 
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were lambed together, away from all other lambing ewes on the Station. 

Lambing of each group of 400-500 ewes took place in two 130  sore 

paddocks. The ewes and their new born lambs were mustered into yards 

every 2 to 3 days so that lambs could be identified with their dams 

by observing suckling. This technique is known as 'mothering' • All 

other ewes were caught and turned up for a detailed inspection of the 

udder and perinium. On this evidence ewes were classed as having not 

produced a lamb ('dry'), or having lambed and then lost her lamb( s). 

The major disadvantage of this lambing routine was that it 

did not enable the identification and recording of lambs that died soon 

after birth. For this reason, 5.9 per cent of all lambing ewes were 

recorded as having lost their lambs before mothering. It would also 

lead to an underestimate of the number of lambs produced by a ewe 

which still had at least one lamb alive at mothering. Because of the 

early death of their litter mates, lambs thus recorded as twins could 

have been barn as triplets, while some lambs recorded as singles would 

certainly have been born as twins. 

In 1962 the lambing routine was radically altered although 

Win all of the Itarob and April mated flocks were lashed together. 

The ew.s were lashed in a series of smell paddooks. Each day the 

ewes which had, not lashed were separated ('drifted off') from those 

which had just lambed, and then moved to the next paddock. The ewes 

with lambs were loft behind in s-eL1 groups and the lambs were then 

tagged and weighed. Similarly small groups of ewes which had lambed 

In on. of the previous few days were then inspected and all lambs 

accounted for. All dead lambs were subjected to post-aortas exam-

ination (MoFarlane, 1961). 



This system had & number of advantages over that previously 

employed. Lashing em we inspected dewing almost all the hours of 

daylight and assistance could be given more easily to AuW ewe having 

difficulty In lashing. In addition, greater confidence could be 

placed in the numbers of Lambs attributed to a em, and only 1.2 per 

cent of lashing ewes were recorded as 'lambed and lost'. 

The total number of awe satings recorded over the period 

1951 to 1969 was 17075, and these were obtained from a total of 4248 

ewes • All of the ewes involved in these 17075 matings survived the 

succeeding months to the subsequent lashing. A a,', of the out-

ooze of these mating., especially as regards the numbers of ewes not 

lashing or falling into the 'lambed aid lost' category is given in 

Table 1.1.2. There was a tendeno.y for the proportion 'lashed and 

lost' ewes to be higher among ewes having a sixth or later lashing 

(seven years of ago aid older). However, this was due almost 

entirely to the s'aU numbers of such owes lashing between 1962  aid 

19690  when the level of 'lashed and lost' eves was low. There was 

little evidence of axr association between age of ewe aid the incidena 

of 'Isabed and lost' ewes for ewes lashing between 1951 and 1961. 

All lambs were identified with numbered ear-tags at mothering 

and from 1962  onwards they were also weighed, In 1951 and 1952, some 

rem lambs were castrated, but after 1952  all ram lambs were left 

entire, From 1951 to 1961 lambs were tail-docked at from I to 4 weeks 

of age aid 'Muleced' (to prevent blowfly strike) at weaning. Since 

1962, both of the.. operations were carried out when the lambs wore 
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Table 1.1,2 

IIFrjRL 	*Are  H#I!YflS!! 

IM mordM as having 'l,abed anit ]opt' 

Lad and lost 

Number Of Number 
Number of 
'iabea as % of Period mat 

records 

Number  as % of as 	of 
all ewes all ewes 

rsoorda aatin8a lambing  without  lambs 

All years 17075 4210 716 4.2 5.9 14.5 

1951-1961 9347 2261 650 7.0 10.1 22.3 
1962-1969 77Z 1957 56 0.7 1.2 2.8 

All ewes 	— according to age 

2 year old 3450 1025 124 306 5.4 10,8 ewes 

3 year  old 3360 829 116 3.5 4.8 1293 ewes 

470b2old 3196 654 124 39 5.1 15,9 ewes 
5 year old 03 692 122 404 6,1 1590 ewes 

6 year old 2249 489 96 4.3 5.8 16.4 ewes 

7 year old 1023 223 76 7.4 10.5 25,4 
ewes 

8 year old 526 ewes i6B  31 5.9 9.5 156 

9 year old 304 76 27 8,9 13.4 26.2 
ewes 

10 year old 
sMolder 154 54 7 4.5 7.3 11.5 

ewes 
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from 4 to 7 days of age, and., within another two days,  the lambs and 

their dams were removed from the drift paildocks. 

During the years to be discussed in this Thesis, 1951 to 

1969, triplet lambs were only rarely reared as such,, usually at least 

one member of the set was fostered. 

The average age of lambs at weaning ranged from 60 to 160 

days. In general lambs were weaned later in the early years of the 

observation. At weaning the lambs were weighed and then shorn. 

After shearing they were fold soared and then separated according to 

sex, As the characters selected, in the March-mated selection flocks 

were measured at weaning, all rams not required as prospective sires 

were disposed of at this time. The remaining rams in the March-mated, 

flocks were thereafter run together and managed as one flock, as were 

the April-mated rams and both the March and April mated ewe weanera. 

Ewes and rams were shorn when they were between 16 and 2 

months of age; after shearing they were weighed. Since 1951 shearing 

has almost invariably been when the sheep were 16 to 17 months of age 

and. carried. 12 months wool. Selection of replacements for the Fleece 

and Crimps selection flocks was based on performance at this 	xg.' 

General Management 

Ewes in the breeding portion of the flocks were shorn each 

year in May. At all times, all ewes in either the March or April 

mated flocks were run together and managed identically. The manage-

mont was such as to keep all sheep in good health. In faot, the only 

disease problem with a major influence on management is blowfly strike 



1* the spring and s%5r due to the astivity of L oiLi4 owriM, 

This is eon1l.d by Mal..ing', (3.laaheer, 19561 Dm and Doa.Uy, 

W5) shearing of wear., oretahing and wiggng vatwe owes in 

Jaaiary and tV jetting with in..etieid.vdwn~ eow1a'o,ta1 

eoMitioas are sondiaci,o to strikas. 

Internal parasites am rare although 1todirus the 

thin.n.oked intestinal wore, bas oesssioa.11.y led to the death or 

LU-thrift of weara. Towag sheep are routinely drenohed with an 

anth.lainti as a ocutrol measure, 
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SECTION 1.2 RESPONSE TO SELECTION IN SHEEP POPULATIONS A REVIEW 

Selection experiments have been carried out for a variety of 

characters in a number of laboratory species, principally Drosophila, 

Tribolium and mice, and the results reviewed by, for example, Kojima 

and Kelleher (1963) aM Roberts (1965). In addition a se11  number 

of studies have been conducted using domestic livestock and those 

dealing with sheep will be reviewed here. 

In the late 1940s and early 1950a  a number of workers 

independently established selection flocks with, it would appear, the 

following major aims: 

Demonstration of quantitative genetic principles 

Testing for possible departures from prediction, and 

Estimation of genetic parameters, especially heritability, 

(Morley, 1955; Purser, 1966; Turner, Dolling and Kennedy, 1968). 

Because of their objectives, the characters chosen for selection were 

not always directly associated with production or, if they were, 

selection was usually for one character at a time, and not for the 

Improvement of overall productivity or economic merit. Simultaneous 

selection for a number of traits (e.g. Turner, Dolling and. Kennedy, 

1968) or where selection is for various measures of the same character, 

as in the high fertility flock of Turner !. . (1962), are rather 

more suited to evaluating the consequences of commercial selection 

practices than to the estimation of realised genetic parameters. 

Direct response to selection is usually expressed in the form 

of the realised heritability, calculated as the ratio of aooumulated 

response to totsl accumulated selection differential. Selection 
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flooka have been of relatively recent origin. Over perhaps a maximum 

of five or six generations of selection,, the agreement between realized 

heritability and estimates of genetic variation in the base population 

or a control has generally been quite good (Osman and. Bradford, 1965; 

Pattie, 1965a;  Purser, 1966; Rob"" and Pattie, 1967). Where 

upward and downward selection lines have been maintained, responses 

have not always been symmetric (Robard.s andPattie, 1.00. cit.). 

The mMintenanoe  of such pairs of lines would appear to be justified 

on the grounds of an adequate test of genetic prediction theory; 

usually commercial interest in in the line selected in the direction 

likely to lead to increased productivity or economic returns. 

In view of the scarcity of information on short term responses 

to selection in sheep, it is perhaps useful to briefly touch on 

comparable information in laboratory species. In general, for responses 

over say the first five generations of selection, the agreement between 

estimated and realized heritability has been quite good (for example, 

Clayton, Morris and Robertson, 1957;  Martin and. Bell, 1960) although 

serious discrepancies have also been observed (Sheldon, 1963; 

Norciakog, Fasting and Vergliese, 1967). Sheldon (1963) in fact doubted 

the value of estimates of heritability to predict ohaugea even in the 

early generations. In addition, where replicate selection lines have 

been maintained, considerable variation among them has been reported 

(see for instance Clayton, Morris and Robertson, 1957). 

It is in connection with such between replicate variation 
CL 

that the recent work of Hill (1971, 1 972a,b) on drift variances in 

selection experiments is of particular interest. He has pointed out 



that the standard error of the regression of ousu].ativs response on 

ounulative selection differential, can seriously underestimate the 

standard error of the realised heritability as the generation moans 

used in such calculations are not independent. The expected variation 

between replicates is also underestimated if drift resulting from the 

finite size of the selected populations is ignored. In assessing 

the measure of agreement between heritability estimates and the 

realised heritability from a selection experiment, the oomplieation of 

genetic drift would have to be considered,, although its importance 

would be greater in long term experiments than in the five or six 

generations of selection applied in the sheep studies mentioned above. 
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SECTION 1.3 RESPONSE TO SELECTION FOR PRODUCTION C!tABACTERS IN 

M TR4NGIE SELECTION PWCKS 

i • 

Clean fleece weight 

This is the weight of clean scoured wool fibre produced 

at the hogget shearing, when the rams and ewes were between 16 and 

24 months of age and carried 12 months' wool growth. In practice 

clean fleece weight is estimated as the product of greaq fleece 

weight, recorded to the nearest tenth of a pound in the shearing shed, 

and the yield of clean scoured wool as estimated for a aid-side sample 

of the fleece. Yield was estimated to the nearest per cent after 

the clean scoured sample had been conditioned at 16 per cent moisture, 

and clean fleece weight was then calculated to the nearest tenth of 

a pound. 

Crimp frequency 

This is the number of crimps per inch in the fleece at 

the same hogget shearing, and is røoordad as the mean of three measure-

ments on staples in the mid-aide sample. A flat polygonal disc, with 

known numbers of serrations per inch on each side, was used to 

measure staples with crimp frequencies from 5 to 16 per inch, 

Frequencies outside this rangs were counted against a ruler. 

(o) Weaning weight 

This is the weight of the lamb at weaning, measured to 

the nearest pound, and adjusted for the age of the lamb. Up until 
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1962, the age adjustment .s made by enitiplying the ratio of weaning 

weight to age at weaning hy the average 54* at weaning for all lambs 

born in that year, From 1962 onwards birth weights were available 

and the age correction was applied to liveweight gain between birth 

and weaning, 

No corrections were made for typ* of birth until 1959. 

Then the difference between single and twin born lambs was calculated 

separately for each sex among lambs in the Marsh Random flock. This 

difference, expressed as a percentage of the weight of twin lambs, was 

than used as a multiplicative correction to twin weights in the Weaning 

Weight selection flocks. The twin correction varied between 3 to 

22 per cent, 

(d) Skin fold score 

This is the degree of skin wrinkling or body development 

(Dun, 19616.) for which Marino sheep are notable. Scores were allocated 

using the photographic standards developed by Carter (1943) • Per 

animals in the base population, a score ranging from I (absence of fold) 

to 9 was given for fold development in the breech region and selection 

was based on thea. scores. From 1951  to 1961 a aiila  range of 

scores was used to assess fold development at each of three sites, 

nook, side and breech, to give a range of possible scores of from 3 to 

27. 	After 1961 lambs were Mule "d before weaning so that only neck 

and side scores were available, and so the range of possible scores 

was from 2 to 18. Since 1951,  all lambs have been scored .t weaning. 

Ain told was scored by the same technician from 1955 
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to 1919;  several scorers contributed to the earlier data. 

2. 	 characters under selection 

In the Trigie population 

Means, variances end coefficients of variation for crimp 

frequency, fleece weight and breech score in the Trangie base 

population were presented by Morley (1951), while Pattie (1965a) gav 

corresponding values for age corrected weaning weights. All four 

characters showed considerable variation, and average ao.ffioients 

of variation in these two previous studies were for crimp frequency, 

20 per cent, clean fleece weight, 16 per cent, breech fold score, 

36 per cent and weaning weight, 12 per cent. 

Morley (1951, 1955) and Patti. (1965,4 also estimated the 

heritability of these four characters • The offspring-parent estimates 

for clean fleece weight, crisp frequency and breech fold score, 

obtained by Morley (1955) were respectively .4.7, .47 and .50. The 

heritability of age and type of birth corrected weaning weight was .19 

as estimated by half-sib correlation and .30  by offspring-parent 

regression (Patti., 1965,4. The discrepancy between these estimates 

was attributed by Pattie to genetically determined maternal effects, 

a suggestion supported by his studies on milk production of ewes in 

the leaning Weight Plus and Minus flocks and on the effects of crossing 

the two flocks on lamb growth (Patti. and Trimmer,, 19641 Patti., 1965b). 

These estimates for the four characters in the Trangie 

population are si--ilar  to those obtained for other Merino flocks 

(see Brown and Turner, 1963 for review). 
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Estimate of response to selection and of realized heritability 

have already bean presented for the Trangie Weaning Weight and Crisp 

frequency selection flocks for respectively the first four and five 

generations of selection (Pattie, 1963&1  Reberds and Pattie, 1967). 

In general the realised heritability estimates (Table 1.3.1) were in 

quite good agreement with estimates given above, although response in 

the Crisps Ilinus flock was net linear. 

Table 1.3.1 

Realised heritability estimates for ae corrected 

Issim Weit and WE  Fr.aueno.Y 

Character under selection 

Divergence betweens 

Plus and Minus flocks 

Rams 
Ewes 

Plus flock v RaMo* 

Rams 
Ewes 

Weaning Weight 

(years 1952  to  1965) 

0.19 
0.31 

0.18 
0.33 

Crimp Prequeno.y 

(years 1951 to 1960 

0,219f 
0.31 

0.38 
0.4.6 

Minus flock V. Random 

Rams 
Ewes 

0.23 
0.22 

0.1 
0.28f 

These figures were not in fact presented by Robards and Pattie 

but have been calculated for the same period (1952-1965) using 

the sans method of estimation. 
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Over the entire period of selection to be considered here, 

covering both the base population and selection flocks, the measure 

of fold score and weaning weight, used as the criterion of selection, 

has varied.. As already mentioned, fold score has been successively 

breech score, a combined score for neck, side and breech, and then a 

total score for neck and. side. Similarly, weaning weights have been 

adjusted for age by different methods, and type of birth corrections 

have not always been applied, In this Thesis it will be assumed 

that in each case, selection has been for different measures of what 

is genetically the same oharaoter. In an attempt to justify this 

position estimates of the heritability of all of these measurements 

of both fold score and weaning weight and of the correlations between 

these measures, have been obtained for data on ewes in the two Random 

flocks, and in the Fleece and Crimps selection flocks. Data from 

these latter flocks have been included to increase the amount of 

information available for analysis, without the danger of producing 

seriously biased estimates (see Morley, 1951; Pattie,  1965b). 

Estimates of the heritability of these three measures of 

skin fold were similar, and the genetic correlations between them 

high (see Table 1,34-) • The situation regarding weaning weight is 

perhaps not so oonvineing. For those weights in which the age 

adjustment was applied to weaning weight itself, the heritability of 

age corrected weaning weight with and without type of birth corrections 

were respectively .16 (sti"rd error - .010) and. .05 (.012) with & 

genetic correlation between them of 1.096 (.090) • When the age 

adjustment was applied to gain between birth and weaning, the data 

were necessarily restricted to aninals born between 1962 and 1969, 
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In In this analysis estimates of heritability were low aM not alw.ys 

positive, so it is not clear to what attent the assisiptians stated 

above hold. 

Table 1,3,2 

Heritability estimates on dzial,, 
i.notio correlations below diana1 

ft 

Fold Score 
Neck 	Neck + Side Neck + Side + Breech 

Neck 	 .62 (,iis) 

Neck + Side 	 .90 (.047) 	.65 (.112) 

Neck + Side + Breech .96 (.040) 	.99 (.031) 	.66 (.113) 
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3. Formation of the Seleption Flocks 

The two sets of selection flooks, March and April mated, were 

drawn from the same pool of approximately 1400 ewes, born between 1944. 

and. 1949, although only ewes born in 1947 and later years were 

included in the April mated groups. In addition, a further 700 ewes 

born in 1950  and 1951 were available for inclusion in the April-mated 

flocks at either the first (1951) or second (1952) mating. 

For the March-mated flocks, the same ago groups were 

considered as a source of ewes for all flocks,, both selection and 

Random. On the other hand,,ewes born prior to 1947 were included in 

the April Random flock, but not in the April-mated selection flocks, 

so that the selection flock and the control were not drawn from exactly 

the same base population. However, as the numerical importance of 

these ewes born prior to 1947 was small, only 14 of the 80 ewes mated 

in 1951, and as this was the only year in which they were mated in the 

Random flock, it will be assumed that within both sets of flocks, both 

the selection and. Random flocks were drawn from the same base population. 

Rains for the March mated flock were chosen from 146 born in 

1949 (Pattie, 1965a),  and were only used once, at the 1951 mating. 

Rams from the base population were mated twice in the April mated flocks, 

1951 and.  1952. In  1951, the choice was made from this same group of 

14.6 rams born in 1949. For the 1952 mating, the selection was from a 

similar number born in 1950  (Robards and Pattie, 1967). 

Before any selections were made, the range and distribution 

was established for each of the four characters, within each drop and. 

sex. For the ewes, the numbers to be included from each drop was 
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determined from the numerical importance of that drop. The flocks 

were not established in any particular order. It a ewe qualified for 

inclusion in more than one flock, say the Crimps Plus and Fleece Minus 

flocks, she was allocated to one or the other alternatively. Rams 

were used in all flocks for ithich they qualified. 

From the figures presented In Appendix A. Tables Al to A4, 

it can be seen that in virtually all age groups, selection was in the 

direction intended, and that approximately equal numbers of ewes were 

included in all of either the March or April selection flocks • While 

a larger number of ewes were available for this initial selection, 

selection pressure was considerably higher among the rams. 

Information was not available on the performance of all ewes, 

especially those born before l97. For these enl-els, a selection 

differential of zero has been assumed, implying that the allocation to 

the selection flocks was at random. To the extent that this was not 

true (see Pattie, 1965a), selection differentials would be underestimated 

in the March selection flocks. However, because of the small number 

of such ewes, and the fact that full information was available on all 

rams used, the effect would be slight. 

4.. Selection after the formation of the flocks 

Numbers of hogget rams and ewes available for selection and 

of those actually chosen for inclusion in the selection flocks are 

given in Tables A5 to Al2 of Appendix A, along with estimates of 

selection pressure applied in individual years. In a. number of 

instances, selection was not in the direction indicated by the 
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designation of the flock; this was usually due to the prior selection 

of ewes for inclusion in nutritional experiments. Selection pressure 

in the Weaning Weight selection flocks (Tables A9 and AlO) has been 

calculated from age and type of birth corrected weaning weights, even 

though type of birth corrections were not used until 1959. 

The information included in these Tables is sariaed in 

Table 1.3.3, in which it can be seen that lower proportions of males 

were selected and consequently, that the selection pressure applied 

was considerably higher among males than among females. The average 

deviation of the selected males from the flock mean, relative to the 

corresponding deviation among females, ranged from 1.7 : I in the 

Crimps Minus flock up to 5.3 1 I in the Weaning Weight Minus flock. 

Table 1.3.3 

Average proportions of male and female replacements chosen 

in the selection flocks and corresponding estimates 

of selection pressure applied. 

Flock Proportion selected Selection pressure in 
as replacements (%) units of measurement 

Rains Ewes Rams Ewes 

Fleece Plus 18.8 48,2 1.33 Lb. 0,4.2 lb. 

Fleece Minus 16.7 4.6,6 -1.44 lb. -0.52 lb. 

Crimps Plus 17.2 61,5 2.68 api 1.01 api 

Crimps Minus 18.2 56,5 -1.88 api -1.10 opi 

Weaning ft. Plus 17.8 59.9 9.48 lb. 3.02 lb. 
Weaning Wt. Minus 17.9 55,4. .8.62 lb. -1.62 lb. 

Folds Plus 31.4. 787 4.,33 units 0.89 units 

Folds Minus 157 53.1 -1.91 units -0,94. units 
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Number of generations of eelectio 

Although rams were generally replaced each year, ewes 

remained in the flook for a number of years, so that a situation of 

overlapping generations was produced. In order to estimate the 

number of generations of selection, a separate score was calculated 

for each individual. The generation score for all sheep in the base 

population was taken as zero • Individual generation scores were 

calculated using the formulas  

= 

where G1  is the generation score of the individual lamb, A 	 + G  

the score of its sire and dam respectively. The average generation 

score of all lambs born in any year was called the generation score of 

that drop. 

By 1961 a total of approximately 4  generations of selection 

had been achieved., and by 1969, approximately six generations. 

Calculation of Selection Pifferentisls 

Individual cumulated selection differentials were calculated 

in much the same way as were the generation scores. This was done in 

three stages. Firstly, an individual selection differential was 

calculated as the individual Os deviation from the wean for all animals 

of the came drop and selection flock, For foundation stook, the mean 

of the appropriate base population drop was used. Secondly, an 

individual accumulated selection differential was obtained by adding 



the individual's selection differential to the average of the individual  

cumulated selection differentials of its parents. This latter was 

zero for sheep in the bas. flock. Finally, the flock cumulative 

selection differential was calculated as the average of the individual 

accumulated selection differentials of all parents producing offspring 

in the flock in wW particular year. 

Pattie (1965a) attempted to scale all deviations so as to 

allow for the considerable between year variation in performance. To 

do this, he divided each Individual selection differential by the mean 

for the Random flock in that year. Young (cited by Robarda and Pattie, 

1967) suggested that the standard deviation was a more generally 

reliable scaling factor, as the mean was strictly correct only when 

environmental, effects were multiplicative, i.e, when the yearly estimates 

of the mean and standard deviation in the Random flock had a 

correlation of +1 • Both the mean and the standard deviation have 

been used to scale individual selection differentials in the subsequent 

*nalyaea. In addition, selection differentials have also been 

calculated using the actual individual deviations, 

7. Response to Selection and Realised Heritability estimates 

In each year cumulated responses to selection were calculated 

as the difference in performance between the selection flock and. the 

Random flock. As with the selection differentials, response was 

expressed as the actual deviation from the Random flock, and also as 

a percentage of both the mean or standard deviation of the Random flock 

performance in that year. 
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Realiaed heritability was calculated as the regression of 

cumulated response on cumulated selection differential (Falconer, 1960). 

Separate estimates were obtained for both sexes for the deviation of 

each selection fleck from its corresponding control and for the 

divergence between each pair of selection flocks • In these latter 

calculations, cumulative selection differentials and response were 

obtained by adding the values for each pair of selection flocks. 

Realised heritability was calculated after one, four (1961) 

and six (1969) generations of selection. 

8. Drift Variances 

The standard errors of the realised heritability estimates 

have been modified to allow for the contribution of random genetic 

drift. The appropriate formulae for divergent selection and for 

unidirectional selection with a control population have been given 

by Hill (1972&,,b). Per divergent selection with heritability 

calculated as the regression of cumulative response on cumulative 

selection differential, and with the regression passing through the 

origin, the sampling variance of the realised heritability coefficient 

(Vb) is given by: 

Vb 6 	 F2t2+2t+1++ 
Lt 

 It +1)A 
+ i) (2t + 1) L 	5 	 e 2 (2t + 

where t = the number of generations of selection 

the drift variance which accumulates with time 

e 	
the non-cumulative error due to errors in predicting 

performance with a finite number of individuals, and 



the selection differential per generation 

The drift variance ( C) has been taken to equal: 

2 ((h2  (i h2)/N + h4/M0) 

where h2 = realised heritability 

= the phenotypic variance for the character 

14 a the effective population use per generation, and 

a the weighted average number of animals measured per 

generation. 

The term 2C h/M•  does not apply where selection is for one 

generation. The non-cumulative error ( () has been taken to equal 

2 	1 -h1)/M0. The terms N0  and. 	refer to the average numbers 

in the two selection lines. 

The formula for the standard error of the realised heritability 

estimate for unidirectional selection with a control is: 

Vb = - 6 	(2t2+2t+j + 

a2t(t+1)(2t+1) 1 

where hex'. 	At.  CI 
	h2)h2)/ '+ C/Me  and 

C
=  Ch  (i - h2)/ 3  + h2 	IV 

14 
 

where 
NC 
 and N  refer to the effective population size per generation, 

and MC  and Us  to the numbers of niiaal4  measureil in the control and 

selected floak. Again, the formula for Vb in for a regression 

coefficient passing through the origin. 
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The general assumptions implicit in the use of such formulae 

have been discussed by Hill (1971), but a number of additional 

assumptions are necessary for their application to these sheep flocks. 

The formulae refer to populations with discrete generations, so the 

realised heritability estimates refer to sheep flocks with 1, 4. or 6 

discrete generations of selection. Effective population size (N and 

N) has been calculated from the numbers of animals entering the 

breeding flock per year, and such figures were then pooled to obtain 

an average number per generation. The same was done for the numbers 

of Rni-mn3-5 measured per generation (M and M0). In calculating the 

effective size of a population, no account has been taken of the 

variation in family contributions to the following generation 

(Latter, 1959).  Throughout selection differentials have been assumed 

to be constant per generation. 

Rams from the Random flocks were exchanged in 1959, 1960 

and 1961 • Effective population size in the Random flocks has been 

calculated as the inverse of twice the increase in the inbreeding 

coefficient from the start of the experiment and the completion of 

6 generations of selection. The agreement between N5  estimates 

obtained in this way for the selection flocks and from the numbers of 

vime1s entering the breeding flock per generation were felt to be 

sufficiently good to justify the use of the inbreeding coefficient 

approach for the Random flocks (see Table 1.3,4.). 
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Table 1.3.4. 

Etteotiveppulation s;e LN0)  and the 

number of animals measured fM,)pr generation 

in the Selection and Random flocks 

Numbers refer to period of six generations of selection 

lie  N No 

Flock Estimated from Estimated from 
number of inbreeding 

animals mated ooeffioients 

Fleece Plus 44 65 160 

Fleece Minus 4.5 42 182 

Crimps Plus 4.7 50 181 

Crimps Minus 4.7 49 163 

April Random - 132 Q61  

Weaning Weight Plus 36 4.3 186 

Weaning Weight Minus 36 50 189 

Folds Plus 38 33 118 

Folds Minus 39 4.2 193 

March Random - 105 211 
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One final complication encountered was in comparing the 

standard errors of the regression coefficient and of the realised. 

heritability. The former was calculated for either 10 (4 generations) 

or 17 or 18 (6 generations) yearly estimates of the cumulative response 

and selection differential, while the latter was estimated as if for 

4. or 6 generation values. A direct estimate of the contribution of 

drift to standard errors in such experiments has been attempted from 

the formulae given by Hill (i 972a,b) for the expected standard error 

of a regression coefficient, calculated for 1, 4. or 6 generations of 

selection. 

Response to selection for clean fleece weight 

A sumeary of fleece weight information on the Random flock 

Is given in Tables Al3 and. A%. Over the period 1953  to  1969 

(drops 1952  to 1968), average fleece weight declined slightly in both 

sexes, the pooled estimate of change was -.098  lb,, per year. The 

correlation between yearly means and standard deviations, again pooled 

over sexes, was .75, indicating that environmental (year) effects were 

not completely multiplicative In their action (r = 1). When expressed 

as a coefficient of variation, calculated as the ratio of the standard 

deviation of year means to the average of the means for all years, 

between year variation was 31 per cent, considerably greater than the 

pooled within year estimates. 

Fleece weights for the Fleece Plus and Minus flocks are 

given in Tables A15 to A18, while deviations from the Random flock are 
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presented in Figure f .3.1 • A total of 5.5 lb. of aocaulatsd selection 

pressure was applied in as Fleece Plus flock, and 6.8 lb. in the 
Fleece Minus flock, Averaged over the two sues, the .sziwa 

deviation of the Fl.... Plus flock from the Random was 2.0 Phenotypic 

standard deviations, or for a heritability of 40 per cent, spproziaat.]y 

5 genetic standard deviations. Corresponding average deviations of 

the Pie... Minus flock from the Control were 3.0 and 7.5 phenotypie 

genetic standard deviations respectively, While the deviation of 

the flee.. Minus flock was continuous with ti'e, the Fleece Plus flock 

showed little response from 1958 onwards and the greatest deviation 

from the Control flock was in 1961. 

Selection for fl•.e weight had only a very slight effect 

on standard deviation and skewness of the distributions. 

Table 1.3.5 

Estiwet.s of variation and skewness for fl.... 'eight 
JA-af-U!M—  selection and Rsndoa flocks 

averaged over the final 10 years of observptions 

Randou 	Fleece Plus Fleece Minus 
Rena Ewes Rama Ewes Rama Ewes 

Standard deviation 	101 	.86 	1.25 	.93 	1,07 	.86 

Coefficient of variation 16.3 14.4. 	15,8 13.4 	23.2 21.2 

Skewness 	 .08 .10 -.27 .03 .27 .27 

Realised heritability estimates, obtained by regressing 

cumulative response on cumulative selection differential over six 
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generations of selection, are given in Table 1.3.6.  There was no 

consistent pattern in the magnitude of estimates according to the 

method by which selection differentials and responses were calculated. 

On average, the standard errors of estimates were higher where all 

deviations were left in absolute unit.. Pooled over sexes, the rate 

of response was higher for the Fleece Minus than for the Fleece Plus 

flock. 

The estimates of realised heritability following 1, 4. and 6 

generations of selection were all in quite good agreement with Morley' a 

estimate of heritability for the Trangie base population (Table 1.3.7). 

In general, the rate of response declined with time. The standard 

error of the realised heritability estimate was always higher than the 

standard error of the regression coefficient, also calculated as it 

for discrete generations (column 4.). The ratio increased from an 

average of 1.2 for I generation to 3,1 for 6 generations of selection. 
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Table 1.3.6 

The realised heritability of clean fleece weight: 
Estimates of r,irenionooetfl,ojeuta and their standard errors 

for animals  born between 1952 and 19 

Method of calculating selection 
differentials and. response 

Comparison 

Deviations eviations  
expressed as expressed as 

Absolute percentage percentage 
units of mean in of standard 

Random flock deviation in  Random flock 

Fleece Plus V. Fleece Minus 
Rams 

Ewes 
Pooled. 

Fleece Plus Y. Random 
Rams 
Ewes 
Pooled 

Fleece Minus v. Random 
Rams 
Ewes 
Pooled 

.37 (.035) 

.30 (.032) 

.33 (.035) 

.37 (.04.9) 
.24 (.033) 
.30 (.04.5) 

.40 (.035) 

.37 (.036) 
.39 (.036) 

.37 (.022) 
.33 (.027) 
.35 (.025) 

.4.1 (.04.3) 
.29 (.037) 
.35 (.024.3) 

.40 (.017) 

.38 (.026) 

.39 (.023) 

.33 (.021) 

.35 (.035) 
.34. (.030) 

.34. (.039) 

.29 (.039) 

.31 (.039) 

.38 (.020) 

.44. (.037) 

.41 (.031) 

Average of standard errors 	(.037) 	(.029) 
	

(.032) 



Table 1.3.7 

Estimates of the realised heritability of clean fleeoe weijit: 

Estimates pooled over sexes 

Realised 
heritability 

Standard error  
of regression 

Standard error2  
of regression 

Standard error 
of realised 
heritability 

Divergent selection 

1 generation(s) of selection 
4. 	'I  
6 

Fleece Plus v. Random 

I generation(s) of selection 

6 	 a  

Fleece Minus V. Random 

I generation(s) of selection 
a 

6 	 a 

Heritability estimate for 
Trangie population 
(Morley, 1955)  

.4.9 	 - 	 .177 	 .194. 
'Jl .50 	 .063 	 .028 	 .071 

.30 	 .04.5 	 .015 	 .043 

.53 	 - 	 ,168 	 .184 
.4.7 	 .057 	 .025 	 •06,. 
.39 	.036 	 .012 	 .041 

.47 

.51 

.48 

.33 
.035 
.035 

.057 

.015 
.oc 

.074 

.039 

.025 

Calculated, from yearly estimates of the cumulative response and selection differential 

2 Estimated for 1, 4 or 6 discrete generations of selection. 
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Response to selection for crimp freguncy 

Crimp frequency results for the April Random flock are 

snaissd in Tables A19 and A20. Information was not, available on 

individual rams and the information presented in Table Al 9  has been 

taken from Robarda and Pattie (1967). In both sets of data examined, 

drops 1952 to 1968 and 1952  to  1965, crimp frequency in the Random 

flock declined, by an average of 04.6  crimps per inch per year. The 

correlation between mans and standard deviations was .32  and the 

between year coefficient of variation 7.3 per cent, considerably less 

than the pooled within year estimates. 

A total cumulative selection differential of 10.8 crimps was 

applied in the Crimps Plus flock, and 89 crimps in the Crimps Minus 

flock. Averaged over the two sexes,, maximum deviations from the 

Random flock were 2.8 phenotypic atut3 rd deviations in the Crimps 

Plus flock and. 2.0 standard deviations in the Crimps Minus flock (see 

Tables A21 - A24, Figure 1.3.2), and the maximum absolute deviations 

from the Random flock occurred after 1963. 

Selection for increased crimp number increased the standard 

deviation, while selection for low crimp number reduced the standard 

deviation (Table 1.3.8), Changes in the coefficient of variation for 

crimp frequency was In the opposite direction. In addition to 

altering measures of variation, the distribution of crimp frequency 

was skewed to the left (negative values) in the Crimps Plus flock, 

and to the right In the Crimps Minus flock. 
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Table 1.3.8 

Estimates of variation and skewness for orimp freuenoy 

in the Crimps selection and Random flocks,  

averaged over the fine]. 10 years of observations 

Random 	Crimps Plus 	Crimps Minus 

Ramst Ewes Rams Ewes Rams Ewes 

Standard deviation 	2,21 1.76 	2.13 2.09 	1,67 1,67 

Coefficient of variation 20.9 16,9 	15.5 14.7 	23.2 23,4. 

Skewness 	 - 0.31 -.53 -.50 .83 0.80 

Information on variation for final 8 years of observations. 

As with the Fleece selection flocks, there was no consistent 

pattern in the relative magnitude of estimates on the basis of the 

method used to calculate selection differentials and responses 

(Table 1.3.9). For the Crimps flocks, the average standard error of 

the regression coefficients was actually slightly lower when deviations 

were left in absolute units. 

The realised heritability estimates for divergent selection 

and for the Crimps Minus v, Random comparison declined with time but 

after 6 generations of selection, the realised heritability estimates 

for all three comparisons were in good agreement with Morley' s estimate 

for the Trangie population (Table 1.3.10). Response in the Crimps 

Minus flock were greater than in the Crimps Plus flock, especially 

after I and 4. generations of selection. 

As with the Fleece selection flocks, the standard error of 

the realised heritability estimates were higher than the corresponding 

error for the regression coefficient; here the ratio ranged from an 

average of 1.1 after I generation of selection to 3.4. after 6 generations. 
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Table 1.3.9 

The r.elied.heritabiliof cri, frsusnz 
E.tioatu of rersssion oo.fti$ents AVA their et.M.rd .rrors 

for al.3s born between 1952 and. 168 

)letbod of calculating selection 
differentials and responses 

Comparison Absolute 
units 

.47 (.021) 

.44. (.020) 

.45 (.022) 

.39 (.038) 

.45 (.025) 

.43 (.029) 

Deviations 
expressed as 
pero.ntsje 
of sean in 

Random flock 

.47 (.019) 

.45 (.021) 

.46 (.022) 

.44. (.o3) 

.52 (.031) 

.4.9 (.038) 

Deviations 
expressed as 
p.ro.ntae 

of standard 
deviation in 
Rer4oa flock 

.41 (.021) 

.48 (.026) 

.44.5 (.028) 

.34 (.030) 

.50 (.031) 

.44 (.038) 

Criups Plus v Criaps Minus 
Rams I 
Ewes * 
Pooled. 

Criaps Plus v, Random 
Rams 
Ewes * 
Pooled 

Rams 	 .54 (.048) 	.50 (.043) 	.48 (.056) 
Ewes' 	 .46 (.028) 	.42 (.027) 	.51 (.040) 
Pooled 	.4.9 (.039) 

	
45 (.036) 	.49 (.oso) 

Averale of standard errors 	(.030) 	(.031) 
	

(.035) 



Table 1.3.10 

Estimates of the realised heritability of crimp frequency: 
Estimates pooled over sexes 

Realised Standard. error1  Standard error2 Standard error 
 of realized 

heritability of regression of regression heritability  

Divergent selection 

I generation(s) of selection .58 - .072 .079 
4. 	 ft  .48 .032 .020 .051 
6 .45 .022 .009 .029 

Crimps Plus v. Random 
I generation(s) of selection .42 - .143 .150 
4. .30 .089 .034. .075 
6 	" ..3 .029 .014 .054 

Crimps Minus v Random 

I generation(s) of selection .85 - .185 .207 
4. 	ft .65 .065 .029 .071 
6 i.9 .039 .018 .058 

Heritability estimate for 
Trangie population .47 
(Morley, 1955) 

Calculated from yearly estimates of the cumulative response and selection differential 

2 Estimated for 1, 4. or 6 discrete generations of selection. 



Response to selection for weaning weight 

Information on weaning weights in the March Random flock is 

given in Tables A25, A26 and A27. Using the results where the age 

adjustment was applied, to weaning weight itself, average weaning 

weight declined over the period 1951 to  1969  by -0.33  lb, per year. 

The correlation between yearly means and standard deviations was .54. 

The between year coefficient of variation of 15 per cent was similar 

to the pooled within year estimates. 

A total of 41.7 lb. of accumulated selection was applied 

in the Weaning Weight Plus flock, with 38.3 lb. in the Weight Minus 

flock. Response to selection among rams was greatest in the final 

year, 1969,  when the deviation of both the Weight Plus and. Minus 

flocks from the Random was 1.1 phenotypic standard. deviations 

(Tables A28 and A30;  Figure  1.3.3) 	The largest deviations of the 

ewe flocks were also equal, at 16 phenotypic standard deviations, 

but this was achieved in the Weight Minus flock in 1956 (Tables A29 

and A31). 

Selection for weaning weight had only a alight effect on 

the variation and skewness of 	-emee, with a slight increase 

in the standard deviation in the Weight Plus flock and a alight 

decrease in the Weight Minus flock. 
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Table 1.3.11 

Estimates of variation and skewness for weaning weight (I) 

in the Weaning Weight selection and Random flocks. 

averaged over the final 10 years of observations 

Random 

Rams 	Ewes 

Weaning Weight 
Plus 

Rams 	Ewes 

Weaning Weight 
Minus 

Rams 	Ewes 

Standard 
deviation 	7.40 

Coefficient of 	14,2 variation 

Skewness 	0.0 

6.16 850 7.33 7.17 6.47 

13.1 1.3 13.9 15.1 15.2 

-0.13 -0,6 -0.13 -OA 3 0.09 

Realised heritability estimates, obtained by regressing 

cumulative response on cumulative selection differential over six 

generations of selection, are given in Table 1.3.12. As with the 

previous sets of selection flocks, the method of estimating selection 

differentials and response did not systematically affect the relative 

magnitude of those estimates, nor, in this case, the relative 

magnitude of the standard errors of these estimates. 

Response in the first generation of selection in the Weight 

Minus flock was in the opposite direction to the selection pressure 

spplied. For the other two comparisons (4. and 6 generations of 

selection, response to upwards and downwards selection was similar, 

and, as with divergent selection, realised heritability was similar 

to the heritability estimates previously obtained for the Trangie 

population by Pattie (1965a). 



Table 1.3.12 

The realisad heritabilitr of wezinp wei4xt, 
3tiJ*atee of regreeLon coefficients,Sd their standard errors  

for ax4"als born between 1951 and 1969 

Method of calculating selection 
differentials and response 

Comparison 

Deviations eviations  
expressed as expressed as 

Absolute percentage percentage 
units of mean in of standard 

Random flock deviation in  Random flock 

Wombs  Weit Plus 
V. Minus 

Rams 
Ewes 
Pooled 

Weening Weight Plus 

y. Random 
Rams 
Ewes 
Pooled 

Weaning 17eit Minus 
v. Randa 

Rams 
Ewes 
Pooled 

.20 (.017) 

.21 (.020) 

.21 (.019) 

.22 (.010) 

.22 (.010) 

.22 (.010) 

.21 (.017) 

.25 (.019) 

.23 (.018) 

.21 (.021) 

.22 (.011) 

.22 (.015) 

.20 (.009) 

.22 (.012) 

.21 (.011) 

.21 (.018) 

.25 (.018) 

.23 (.018) 

.21 (.018) 

.22 (.013) 

.21 (.016) 

Average of standard 	(.01 6) 	(.015) errors (.015) 



Table 1.3.13 

iit.t! of the P$r  heritability9f wegnin A weight 

Estimates pooled over sexes 

Realised Standard error1  Standard error 2 
Standard error  of realised heritability of regression of regression heritability 

Divergent selection 
I generation(s) of selection Al - .088 .100 
4. .22 .019 .012 .027 
6 .18 .011 .007 .023 

Weaning 'Weight Plus v. Random 
I generation(s) of selection .32 - .219 

I .250 
4 .22 .035 .017 .038 
6 .21 .019 .013 .037 

Weaning Weight Minus v. Random 
I generation(s) of selection -.08 .192 .192 
4. .22 .04.9 .017 .038 
6 .19 .018 .014 .038 

Heritability estimates for: 
Trangie population 

half-sib correlation 	 .19 
Pattie, I 965a) 

offspring-parent regression 	.29 

I Calculated from yearly estimates of the cumulative response and selection differential 

2 Estimated for 1, 4. or 6 discrete generations of selection 



The ratio of the standard error of the realised heritability 

to the standard error of the regression coefficient ranged from an 

average of 1.1 for 1 generation of selection to 2.9 for 6 generations 

of selection. 

Response 12 	O9A!P1' ckj.n fold score  

Fold scores in the March Random flock are summarised in 

Tables A32  and  A33.  Over the period 1951 to 1969,  average fold score 

increased slightly in the Random flock, by .07 units per year for the 

combined score for neck and. side. The correlation between means and 

standard deviations was 0.73. The between year coefficient of 

variation for neck plus aide scores was 22.8 per cent, considerably 

less than the pooled within year estimates. 

The total accumulated selection pressure applied to skin 

fold score was 19.1 units in the Folds Plus flock and. 9,4 units in 

the Folds Minus flock. These figures are the sum over three periods 

of selection, ithen the criterion of selection was in sequence breech 

score (base population), combined score for iteok, aide and breech 

(1951 to 1961) and then the combined soore for neck plus side. 

Averaged over the two sexes, a maximum response of 2.2 phenotypic 

standard deviations was achieved in the Folds Plus flock, and 2,5 

standard deviations in the Folds Minus flock (Tables A34.  to A37; 

Figure 1.3.4) • The total range of possible scores for neck and side 

is f 7 units (2 to 18). By 1960 the divergence between the selection 

flocks was 7.6 units, averaged over the sexes, by 1969  this had increased 

to 11,2 unite. 
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Perhaps the most noticeable aspects of the performance Of 

these selection flocks are the low average scores of the Folds Minus 

flock and skewness of the distribution of individual scores, even in 

the early years of the experiment (Table 1 .3.14 ).  Again the degree 

of skewness of scores in the Folds Plus and Random flocks was similar 

in the first eight years of observation, but after this time scores in 

the Folds Plus flock were markedly skewed to the left. 

Table 1.3.14. 

Variation and skewness of skin fold soore 

in the March Random and. Folds selection flocks 

Combined coors for neck + side, 

March Random 	Folds Plus 	Folds Minus 

Rams Ewes Rams Ewes Rams Ewes 

I • First eight years of observation (1951  to  1969) 

Standard. 	 2.86 	2.69 	3.71 	3.32 	1.51 	1.4.1 
deviation 

Coefficient of 	42.1 	4.3.3 	40.1 	36.4 	38.3 	37.6 
variation 

Skewness 	 0,52 	0.70 	0.27 	0,33 	1.11 	1.20 

2, Last 10 years of observation (1960 to 1969) 

Standard 3.59 	3.10 	3.31 	3.77 1,65 	1.32 deviation 

Coefficient of 4.5.2 	42.6 	25.9 	32.5 4.7.6 	44.1 variation 

Skewness 0.54. 	0.77 	-0.4.5 	-0.51 1.60 	1.78 

Because the criterion of selection varied in these selection 

flocks with time, responses to selection can strictly speaking., only 



-48— 

be regarded as correlated responses to selection, even though the 

heritability of all three measures of fold score used is similar, and 

the genetic correlation between the scores high. For this reason, 

the heritability of the combined score for neck and aide has been 

estimated but only where selection differentials and response have been 

expressed as a percentage of the standard deviation of performance in 

the Random flock (Table 1.3.15).  Unfortunately only 12 z'ans were 

scored in the Random floak in 1951,  so little confidence could be plaoed 

in the estimate they provided of the standard deviation for fold score. 

Consequently the pooled within—year estimate of the standard deviation 

has been used in estimating response to I generation of selection. 

The rate of response to aeleotion in both directions declined with time. 

The ratio of the standard error of the realised heritability to the 

standard error of the regression coefficient increased with selection,, 

from an average of 1.3 for I generation to 3.1 for 6 generations of 

selection. 

The realised heritability of breech fold following one 

generation of selection was • 62 for upward selection with a control 

(standard error of the realised heritability, Mt,.), 1.03 (.313) for 

downward selection, and .77 (.203) for the divergence between the 

Folds Plus and Minus flocks. 



Table 1.3.15 

Estimates of the realised heritability of fold score: 

Combined score for neck plus side. Estimates pooled over sexes 

Realised 
heritability 

Standard error1  
of regression 

Standard error  
of regression 

Standard error 
of realised 
heritability 

Divergent selection 

I generation(s) of selection 

6 

Folds Plus v. Random 

I generation(s) of selection 
4. 	ft 	 U  
6 

Folds Minus v. Random 

I generation(s) of selection 
4. 
6 

Heritability estimate for 
Trangie population 
- breech fold score 

Vorley (1955) 

.50 - 032 .172 

.33 .06 I  .04.7 .109 

.33 .033 .015 .044 

.69 - .235 .311 

.66 .072 .050 .140 

.53 .042 .034 .113 

.60 

.42 
36 

.104. 

.021 

.011 

.131 

.054. 

.035 

Calculated from yearly estimates of the cumulative response and selection differential 

2 Estimated for 1, 4 or 6 discrete generations of selection 
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Discus sion 

Before considering the results it is perhaps necessary to 

establish that the methods of predicting response to selection are, in 

fact, appropriate for these particular flocks. In outlining their 

formation, it was pointed out that the flocks were established at the 

same time from essentially the same base population. If this was 

the case, then the prediction equations would hold. If on the other 

hand the flocks were formed sequentially, the validity of response 

predictions depends on the equality of genetic and phenotypic regressions 

of the character subsequently selected on the character initially 

subject to selection (Robertson, 1966). Even with sequential selection, 

a strong argument oould still be made for the validity and accuracy 

of response predictions for the characters under selection at Trangie. 

Firstly, the sequential selection would have applied only to the base 

ewe population and the selection pressure applied came mainly from 

between ram selection. Secondly, from the phenotypic and genetic 

correlations estimated for pairs of these characters in the Trangie 
£5-',- 

population (Morley, 1954; Pattie, 1951b), the genetic and phenotypic 

regressions are similar in magnitude as well as in sign, with the 

possible exception of the relationship between folds and weaning weight. 

Splitting the base ewe population into four and establishing Plus and 

Minus flocks for one character from one such sub-flock, would have 

been a preferable method of establishing the selection flocks. 

Over the six generations of selection, realised heritability 

estimates, calculated from the divergence of the selection lines, 

were in quite good agreement with heritability estimated on the Trangie 
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base population. For the Fleece weight, Crimps and Folds selection 

lines, the rate of response declined with time. Scaling the 

responses and selection differentials., by the mean or standard deviation 

of the Random flock, did not improve the precision of the realised 

heritability estimates other than for the fleece weight selection lines. 

It is worth pointing out that the between year variation in the Random 

flock was also greatest for fleece weight. 

Comparing the symmetry of response to upward and downward 

selection, realized heritability was greater for downward selection in 

Fleece, Crimps and Folds lines. This is not likely to be due to 

directional selection in the April Random flock for fleece weight 

(Pattie and Barlow, personal communication) or crimps (Robard.s and 

Pattie, 1967), nor, from the cumulative selection differentials 

presented in Table 1,3.16, for folds in the March Random flock. 

Inbreeding could lead to the greater response to downward selection. 

Table 1,3.16 

Cumulative selection differentials for skin fold score 

in the March Random flock 

Calculations have been made using yearly 

unsealed deviations for the flock mean 

1951 	1956 

Cumulative selection 
differential 	0.03 	i .07 

Year 

1961 	1965 	1969 

0.36 0.72 -0.29 

Morley (1954) examined data on the Trangie population and showed the 

expression of all three characters to be somewhat reduced by inbreeding; 
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by 1969  the level of inbreeding in the selection flocks ranged from 

6.0 to 9.2 per cent. 

In the Fleece, Crimps and Weaning Weight selected lines, 

upward selection increased the phenotypic variance while downward 

selection reduced it. The changes produced in the variance were 

not felt to be sufficient to consider transforming the scale of the 

observations, such as Falconer (1954) did for body weight in mice. 

In az' case, the effect on the realised heritability estimates are 

likely to be small. A better case exists for transforming skin fold 

scores, or at least devising a more satisfactory measure of response 

to selection. With only a limited number of scores, it is only to 

be expected that the distribution in the selected lines will become 

skewed as the limits are approached. Under such conditions, response 

to upward and downward selection is largely determined by the response 

of the control line to environmental conditions, rather than to a 

change in average performance of the selected lines. 

Some attempt has been made to account for the contribution 

of genetic drift to the reliability with which realised heritability 

was estimated., With overlapping generations, the major difficulty 

in comparing the relative magnitude of etndard errors of the regression 

coefficient and of the realised heritability is that the two are not 

estimated from the same information, where the latter standard error 

was compared with the expected standard error of the regression, the 

contribution of drift could readily be appreciated. In both of 

these calculations, as in the actual calculation of the standard 

error of the regression of cumulative response on selection differential, 
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the stsz4rt srrrs of the aettsst.s a.e1s.n.d as the s.lsotien 

.zp.risnt me ooutinu.a. Kow.v.r, bsoauas of the ooatrlb*&tlsn of 

drift, the Increased precision with which rea3is.d heritability was 

estiastat as a resi]t of keeping lime for aUiticsal gsnezsticnm 

is not as treat as indicated IW the dsella* in the standard error of 

the r.r.s.1on ocaffia lent, 
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In this part of the Thesis, it is intended to examine ways 

of improving ewe reproductive performance and to consider the effect-

iveness of the various forms of selection which can be applied. 

These related topics have received considerable attention in recent 

years (see, for instsaiee, Turner, 19'9a,  b) and the major stimulus for 

such investigations is the poor reproductive perforanee of most 

sheep breeds, Increasing the average number of lambs a&al1y 

produced by cash ewe is likely to imsr..ss the profitability of sheep 

relative to alternative enterprises as the proportion of the ewe 

,!tenance coats born, by each lamb would be reduced. In addition, 

by Increasing the number of replacements available for selection, there 

would be greater scope for improving other production characters. 

Z.e reproductive performance differs from the characters 

previously subject to selection at Trangie in that it is sex-limited. 

Selection can be practised among rams but it would usually be based 

on their dam's p.rtor.*ioe, or more generally, on that of their female 

relatives. In its simplest form, and one which is often reooMsd 

(for rz."ple, mis Young and Turner, 190), rams are selected from the 

largest litters, Progeny testing of rams is generally not considered 

to be practicable, which is apart from the undesirable effects proge 

testing would have on inbreeding and the generation length. In 

future, it ., be possible to select for some character which is 

higbl.y correlated genetically with on reproductive performance, but 

which can be measured directly on the rams (Ch'ang and Ram, 1972; 

LaM, 1973),  For the time being this possibility will not be considered. 
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Two for.s of swe selection can be envisaged. The first is 

anal- us to the ran selection mentioned above, is which the selection 

criterion is the perfor'aanoe of the sw•' $ L.a or other fecale relatives, 

and this would normally be applied in choosing repisoensats for the 

breeding flock. However, selection could also be practised on mm 

already in the breeding flock, on the basis of their ens lambing 

p.rtorusnee. The optimum policy would probably be one which 

Incorporated both the.e for.s of selection. 

The factors determining the response to selection for we 

reproductive parforRarot are the same as those previously arntti.nsd in 

connection with the selection flocks; the intensity of s.lection, 

the heritability of the character and the generation length. While 

the factors ictsr4iug genetic progress may be the mans, their 

relative import...s is altered because we ax's dealing with a 

sez"liaite& trait. The most obvious change is the greater importance 

of betre.n ewe selection relative to between ran selection. There 

are two reasons for this, Firstly, ewe selection can take place 

both before and after entering ths breeding flock, and secondly, there 

is the difficulty in assessing the ran' $ breeding value, 

oauae of the enhanced contribution that ewe selection can 

asks to the success of such progrsanes, a considerable sacuat of 

attention will be devoted to estimating the scope for ene culling in 

the Trangis flock. In all such considerations, and in estimating 

rssponae to selection, it will b5 assumed that the flock under 
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investigation is self-oontained; that is that no replacement ewes are 

brought in, The repeatability and heritability of ewe reproductive 

pertorsnoe will be considered after the scope for selection has been 

established. 



- 

CUON 22 	-SCOPY,  FO!jSnXCTION IN  SHEV POJLATIO - 

Perhaps the most useful seasuru of the scope for between ewe 

selection is the net reproduction rate (N.R,R) of the population. 

This is defined on the average umber of female r.plaoea.nt& that each 

fesale producas in her lifetime. If the N.R.R. of a population is 2, 

each ewe entering the breeding flock at say jj years of age would in 

her lifetime produce on average 2 feaals offspring to the asae age. 

Given that only one replacesent is required to maintain numbers, the 

Population will either increase in us, or half the possible replao.-

seats could be culled. The rate at which the population would grow 

is deseribed by the innate capacity for increase (r'5) 	ai'tha and 

Birch, 1934) 	This statistic is a summary of a number of physiological 

functions of the ewes in a population; the frequency with which ther  

breed, their fecundity (the average iwaher of young produced each time 

they breed) and their longevity, 

The calculation of N.R.R. and r in sheep population has hem 

described by Moule (1971). Age specific schedules of births and deaths 

are drawn up in which the numbers of ewes dying within apeoified age 

intervals are calculated, as we the numbers of ewe lambs which survive 

to the age of first eating produced by ewes in the sem age intervals. 

With sheep the scat convenient age intervals to work with are between 

successive eatings. 

Conperstively few estimates of net reproduction rate or of 

the innate capacity for Increase are available for zhosp populations 

(Dun, 1964 Turner and Young, 1969; louis, 1971) or can be calculated 

from information provided on age specific reproductive performance and 
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wastage rates from the breeding flock (Purser and Roberts, 1959) 

(see Table 2.2.1). Theae figures are for bree&e of allegedly poor 

reproductive performance,  and/or are for flocks run under comparatively 

adverse environmental conditions, so that they should not necessarily 

be taken as r.pr.s.ntative of the species as a whole. While the 

populations described by Mauls (1971) and Purser and Roberts (1959) 

did little more than maintain numbers, in the Cunnamu].la flock it 

was possible to cull 66 per cent of hogget ewes. Taking the 

Folds Minus flock as the more representative of the Trangie population, 

the comparable figure obtained by Dun (1 96k) was 56 per cent. A 

modified version of N.R.R. has also to estimate the effect of early 

nutrition on lifetime productivity at Trangie (Gil.., 1968). 

Both N.R.R I  and r5  provide an overall assessment of a 

population's ability to survive under a given set of conditions. 

Apart from giving an appreciation of the numbers of replacements 

required and available for selection, which is important when considering 

selection programmes,, the same information is necessary when deciding 

on an optimal flock structure for current productivity. For instance, 

only four age groups of ewes (2 to 5 years of age) were necessary to 

maintain the Cut.uUa flock at constant size. Increasing the 

numbers of age groups not only increased the net reproduction rate, but 

also the numbers of young rams and hogget ewes available for disposal. 

On the other hand, fewer ewes were cast for age and they were older 

when cast. When information such as this is considered along with 

age of ewe effects on both wool quality and quantity, and also on the 

growth (Biohard and cooper, 1966)   and hence perhaps value of an 

individual lamb, then sow decision on optimal flock structure could 



Table 2.2.1 

Estisates of net reproduction rate and the innate oapaoity 

for increase in sheep populations 

Author Breed of Sheep 
Number of 
age groups 
of ewes' 

Net reproduction 
rate 

Innate capacity 
for increase 

Dun (1964.) Australian Merino not stated; 
(Trangie), till ewes Folds Plus, 	1.238 - Folds Plus were dead or Folds Minus, 2.270 - Folds Minus cast for 
selection flocks age 

Turner and Australian Memo 9 2.920 0.183 Young (1969) ' (Cunnamulla flocks) 

Moule (1971) Australian Merino 7 1.128 0.026 

Purser and 
Roberts (1959) Scottish Blaokfaoe 5 1.222 0.043 

* These were the maximum number of age groups considered by the different authors 

j. Figures for this flock have been slightly modified from those given by Turner and Young, to accord 

with the method of calculation set out by Andrewartha and Birch (1954). 
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be arrived at. 

As far as selection is concerned, increasing the number of 

age groups to give the greatest scope for selection may not enable the 

most rapid genetic progress to be made, as the generation length would 

also he increased. 

Having discussed the calculation of N.R.R. estimates, its 

two components will now be considered, age specific rates of ewe 

wastage and of owe reproductive perforno. • Thore are two Rjfl 

reasons for this. Firstly, there is considerably more information 

available on the components, and especially on eve reproductive 

performance, than there is on ?4.R.R. itself. Secondly, selection is 

to be practised for ewe reproductive performance and if environmental 

factors which influence perfor.ane can be identified, then the 

accuracy with which breeding value can be predicted is increased. 

This discussion will not be restricted entirely to the estimation of 

age of ewe effects on wastage and reproductive performance. 

Ewe Wast-O&O 

Comparatively littie information is available on ewe wastage 

and the figures which have been presented refer to only a few types 

of populations, mainly hill breeds in Britain and the Australian 

Marine. For the British breeds, annual death rates of from 3 to  5 

per cent have been reported (Gunn, 1967; Purser and Roberts, 1959), 

with little evidence that death rates varied with the age of the ewe 

(Purser and Roberts, loc. 	.), at least up to 6 years of age. 

Higher estimates of overall flock losses were reported by Biohard and 

Cooper (1966) for a crossbred lowland flock. Estimates of annual 
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death rates in Morino flocks show rather more variation. Turner (1951) 

st,rj,ed losses in a number of commercial flocks and found that the 

average rate for all age groups was never less than eight per cent, a 

figure which can be compared with the five per cent reported for the 

experimental flocks at Cumt*ulla (Turner, Doling and Sheatfe, 1959). 

The incidence of ewe mortality increased as the ewes became older in 

the flocks investigated by both Turner, Dolling and Sheatfe (. 

and Granger (i%) although, in the former study, this trend was most 

marked in a drought year (1957-38) when losses were high. 

In most commercial flocks some form of ewe culling is 

practised and this constitutes an additional source of wastage from 

the breeding flock • Generally, ewes are culled for such reasons as 

damaged udder, or teats, broken mouths or generally poor body condition. 

In each case, culling implies that the expected productivity or 

probability of survival of the ewe in below average for her age group. 

Purser and Roberts (1959) reported that the average culling rate for 

all age groups of a Scottish Blaokfsce flock was 11 per cent and that 

it increased from 3.4 per cent for ewes between first and second mating 

to 25.6 per cent between fifth and sixth mating. 

Ewe Reproductive Performance 

The measure of ewe reproductive performance which enters 

directly into the calculation of N,RJt, is the number of hogget ewes 

produced by each ewe joined. While there is a dearth of such 

estimates, considerable information is available on the number of 

lambs produced to various earlier ages. In particular birth, 

tail-docking and weving. In addition to treating such traits as 
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characteristics of the ewe, lamb survival will also be considered. 

separately. 

It is both customary and valuable to consider ewe reproductive 

performance both in some overall measure, such as the number of lambs 

weaned per ewe joined, and to also examine the components of such 

characters. Turner (1958, 1969k, a) has given considerable attention 

to the orderly presentation of such information and also to the 

nomenclature and abbreviations Aich can gainfully be applied in such 

investigations. The same nomenclature will be employed here, although 

the slight modifications to her suggested abbreviations have been 

considered desirable for ease of understanding. 

Before reviewing the literature on ewe reproductive performance, 

the terminology and abbreviations will be summarised. Taking the 

number of lambs weaned per ewe joined as the overall measure of 

performance, this is equal to the following product; the probability 

of a ewe lambing of those joined, the number of lambs born per lambing 

ewe, and the number of lambs that survive from birth to weaning. 

In the notation to be employed in this thesis: 

Lwj 0  LxIDL zIN 

Other measures of performance to be used are: 

number of lambs born per ewe joined (a L z LBL), and 

En - number of lambing ewes with multiple births. 

In discussing lamb survival, it is customary to consider lambs from 

different litter sins separately as the probability of survival is 

usually influenced by type of birth. Manse: 
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number of single lambs weaned per single lamb born, and 

Tn  an amber of twin lambs weaned Per 8611e lamb born. 

A further subdivision is possible so that sexes are treated separately 

within each type of birth. In this situation we have: 

number of single ram lambs weaned per single ran lab 

born, 

and so on for TflR, L.E and 

Published information on the association between age of on 

and reproductive performance now covers a wide range of breeds in a 

large number of ootantri.s and has been reviewed by Reeve and. Robertson 

(1953) and. Turner (1969a, b) 	Whichever measure of performance has 

been used, be it lambs born or weaned, and expressed relative to ewes 

Joined or ewes lambing, a si.iiar pattern has emerged with an increase 

in performance with age to a peak, followed by a decline. This 

pattern of association is also true for the Australian 3er&ao, where 

both commercial and experimental flocks have been .wined (Table 2.2.2). 

However, from the results presented in Table 2.2.20  it can be seen that 

the age of peak performance shows considerable variation. 

Where information on the components of either Lwi or  L  was 

available (Turner and Doling, 1965; Lax and Brown, 19;  Dc fleas and 

Dunlop, 1969; Mullan.y and Brown, 1970), the pattern of their 

association with age wes generally the same as,  for the overall measure 

of performance, One notable exemption was the finding by Dc fleas and 

Dunlop (,,.) that while the normal pattern of association with 

age was shown for the number of lambs born par ewe joined, no 



Table 22.2 

Snmm*rJ of the available data on the relationship between age of ewe and 

ewe reproductive performance in the Australian Merino 

No. of flooks 
Oldest in which peak occurred at: 

Author Characteristic age No. of _________________________________________ 
recorded group flocks 44. 5 6 	7 8 

Years Tears Years 	Tears Tears 

Lambs marked 5 5 
10 

2
6 

3 - 6 
- 

Riches, 1958 per ewe mustered 
7 5 - 2 2 	1 at marking 8 2 - - - 

Kelley, 1939 Lambs born 11 1 

Turner (1962) Lambs born per 8 2 - - - and unpublished ewe joined 
data. 

(cited by Turner Lambs weaned per 8 2 - - 2 	- - & Dolling) ewe joined 

Lambs bornper 10 1 - - ewe joined 
Turner & Dolling, 1965 

Lambs weanedper 10 1 - - - - ewe joined 

Lambs born per - - - 
Mullaney and ewe joined  
Brown, 1970 Lambs weaned per 

ewe joined 

Ewes first mated when 2j years of age 

+ Results for the four flocks were not treated separately. 
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association was observed for the percentage of was conceiving to first 

service. 

It should be pointed out that the information presented in 

asny of these studies was obtained over a saaU number of years so 

that only a few cohorts were studied and then for only a portion of 

their life, The danger in employing this method is that inforeation 

from one cohort, exposed perhaps to abnormal management or environmental 

conditional  can bias the age group comparisons and sampling problem 

of this sort probably account for the conflicting results obtained by 

Mullaney and Brown (1969, 1970). The greater the between year 

variation in fertility, the more Important such sampling considerations 

are likely to be. 

Turner 0969b) oonoluded that in flocks or breeds with a 

high average level of p.rforaanoe, ewes may reach their peak p.rforsance 

at an earlier age. However, because of the dearth of reliable 

comparative data available, it is not really clear to what extent the 

variation which has been observed in this relationship is genetic in 

origin, although Dunlop (1963) observed differences among Merino strains 

which were born and reared together. Within breeds there is again 

little Information on the genetic correlation between lambing 

performance at different ages which would indicate the extent to which 

the pattern of association could be changed. It is not known whether 

selection for L. has produced any changes in the association 

(Wallace, 196; Turner, 1966), 

So far in this discussion, no distinction has been made 

between age of ewe effects and what might,, in fact, be a parity effect. 



Shore age of see .tf..t* have been reported, ewes have always been 

sated as a flock at r.gulaz yssx&y Intervals so that any individual 

ttiots that age of ewe or parity sight have oculd not be isolated. 

One way of Wing this distinction would be to delay or eth.ns• 

the age or first mating of one halt of the flock, but, iuh.rs such a 

design has been used, the nua.rs of aninals involved have been 

too limited for such a question to be answered (p.no.r, pl. gL.9 1942; 

cannon and Bath, 1969). 

Coop has suggested that the association between reproductive 

performance and ego of an is largely a reflection of the association 

between body weight of the ewe at mating and such measures of 
(c00 

performance as L, L, and to a lesser extent 	. Certainly, for 

ewes of the game age, body weight has been shown to be associated with 

these characters even when body weight Obanges i.4.iatdy prior to 

mating (flushing) have been removed (see for instance, Killeen, 1967). 

Nevertheless,, in the majority of studies, ao of on effects have 

persisted en body weight differences have been removed (Dc fleas and 

Dunlop, 1969; MoLaughlint  1970). 

Attempts to distinguish age of ewe from parity .tteots and 

to assess the importance of ewe body weight at mating  are siaply two 

approach" to the question of the physiological  basis tar the asaoo 

iatiou between age of ewe and reproductive performance. There 

appears to be so published estimates of ovulation rates and either 

embryo or foetal mortality for ewes of different ages or more 

toahm.ntally of circulating hormone levels. However, the analyses 

eeadueted by Dc lass and Dunlop (1969) suggests that the difference 
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in reproductive performance between ewes of different ages may be at 

least, partially behavioural in origin as no age effects were observed 

for the percentage of ewes conceiving to first service. The more 

extended period of oestrus in older ewes has also been suggested as 

the reason for the higher proportion of then which lamb (Lambourne, 

1956; Connors and Giles, 1970). 

YiY*ly, the association between birth type of a ewe, whether 

single, twin etc., and her own reproductive performance will now be 

&ieouaaed. This topic moxie properly belongs in the Section on genetic 

influences on performance,, but is presented here as in the analysis of 

data on the Trangie population, type of birth effects were considered 

along with age of ewe effects. 

Differences have been reported In the lambing performance 

of ewes born in litters of different sizes and a summary of these 

differences between single and twin born ewes is given in Table 2.2.3. 

In the majority of these, reproductive performance was positively 

correlated with birth type, ancl where the birth type classification 

has been extended to cover ewes born as triplets or quadruplota 

(see Turner, 1969b for review), this positive correlation has still 

been evident. The genetic interpretation of such differences will be 

disaussed later when considering the heritability of reproductive 

performance. However, from a practical point of view, the results 

presented in Table 2.1.3 indicate that by selecting twin born ewes in 

preference to singles, the lambing performance of the flock would, in 

general, be increased. 



Table 2.2.3 

Difference in lanbin, p.rtor.ince (TaM) of wes 	u n41.PF, twins 

Author Breed 
Ag. at which 
performance 

compared 
Twin. - Single. 

Kennedy (95 
Australian erinc 

(Trangie) 2-7 0,09 

Turner et. al. (1962) Australian Merino 2-7 0.06 

Dun and rewal (1963) Australian Ueriao Sun of performance 018 
(Trangie) at 2 and 3 yeers 

Wallace 096) New Zealand Roan' 2.4 .0.06 to -0.10 

Haligrimason (1966) Io.lkiio 2-6 0.09 

Vibil et. al, (1968) American Rawhonlll.t Mimed 0.14, 
and Crosses 

Lax and Brown (1968) Australian Morino 2-10 0.02 

N. 
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Xrd'oz'aation on lamb loss to weaning has been obtained from 

many of the studies used to estimate the importance of various factors 

on ene reproductive peribz'anoe, especially age of we effects. 

Where such comparisons have not been confounded with differences in 

the averag, litter sues of the groups being compared,, then ewes of 

intermediate age (3 to 7 year.) have generally weaned the hist 

proportion of lambs (Goot, 1951;  Sidwell, Everson and Terrill, 1962). 

Information on age of ewe effects on lamb survival in the Australian 

Merino is summarized in Table 2.2., where again survival is highest 

from ewes of intermediate age • Turner and Dolling (1965) concluded 

that1  in their study, age of ewe effects on lamb survival were not as 

marked as age of ewe effects on one reproductive performance. 

However, the results obtained by Lax and Turner (1965) iwHoated that 

the importance of age of ewe effects on survival may very in relation 

to the absolute level .f lamb survival in the flock. 

There appears to be general agreement on the effect of $ex 

and type of birth on survival, with females superior to males and 

single& superior to twin. (Table 2.2.5). No information on the 

survival of triplets or higher order lambs appears to be available 

for the Australian Merino where,, of course,, such occurrences are 

comparatively rare. Lamb survival would have to be considered in 

assessing the desirability of attempts to increase ewe reproduction. 

For instance, If the survival of twins was only half that of singles, 

then increasing the proportion of ewes producing twins might not 

increase the nber of lambs alive at waning, unless some appropriate 



Table 2.2,4 

Influence of age of ewe on lamb survive], in the Australian Merino breed 

Age of  Differences of survival rate of lambs ____________________  
ouroe dam 

(years) 

survival-
to Cements From ewes of From youngest to peak 

various ages age group of ewes 

4-5 d*ya 3 year old ewes 0.05 Sax.e pooled 
Kennedy and B.tt.nay (1950) to 	5 5dato below others 

marking No differences. Nil Sexes pooled 

Rise and decline: 
Single males and 
females, peek at 5-6 0.12 Some and. type 

Turner and Dolling (1965) 2 to tO Weaning of birth kept 
Twin males and 0.12 separate 
females peak at 6-7 

 2 to 7 Weaning Rise and decline: 
Peak at from 0.14, Cingle lambs only 

 2to7 weaning Rise and decline: 
Peak at 5 0.11 Angle lambs only 

Lax and. Brown* (1965) 
 2 to 7 Weaning Little trend with 

age, max 	at 7 0.04 Single lambs only 

 2to8 Weaning Rise and decline: 
Peak at5 0.06 Single lamb. only 

Mullaney 	Brown (1969) and to 
Ri.e and deoline 

9 Weaning Single lambs, peak at 5 0.10 Sexes Pooled Twin lambs, peek at 4, 0.13 

	

/ Ewes first mated at 21 yr.. of age. 	* The flocks and locations included from this study are as 

	

Information molded from 4 flocks • 	 follow.: 
Five strains at Cunni11a () Five strains at Dsniliguin 
Five strains at Armadale 	(4) Selection flock at Armadale 
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change was also made in lamb management. However,, Turner (1969,4 has 

pointed out that there are no reports in which the differential between 

single and twin mortality is as great as this, although Mullanay and 

Brown (1969) did find twin survival to be only 59 per cent that of 

singles, In Britain, Bichard and Cooper (1966) reported that in the 

dun Forest breeil increasing the proportion of triplets in the flock 

would also increase the numbers of lambs alive at weaning. 

Table 2.295 

ml in8uw*oe f ss!sn4 type of birth on laib survival 
in the Australian Yerig2 

Source 
Suiv.l 

to 

Difference in 
survival rate 

Peaa19.4tsle Single-Twin 

Moule (1954) 3-4 days 0,03 008 

Turner and Dolling (1965) weaning 0.02 0,18 

Lax and Turner (1965) Weaning 0.04 - 
'uUaney and Brown (1969) weaning - 0.34 

Little information is available on survival between weaning 

and age at first mating. Purser and Roberts (1959) estimated wastage 

at 6.8 per cent in a Scottish Blaoktaoe flock, while Turner and 

Young (1969) used a figure of 6 per cent for the Australian Merino, 

Granger (1944) oaloulatsl that 10 per cent of ewes died between 

weaning and first lambing in the commercial !erino stud flock that he 

studied. 
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SECTION 2.3 TRE EPF1CT )J AGE OFJ!E AND LECTION ON WE 

aATAGE RiPE IN THE ThANGIE FLOCK 

In estimating wastage rates for ewes of different ages, data 

were obtained on ewes born between the years 1951-1966 in the single 

character selection flocks and in the two Hand  flocks, wastage 

was estimated between lathings so that by 19699  all ewes considered 

had the opportunity of at least two lasbings. 

As already mentioned the policy of ewe disposal on the 

R.s.arh station has varied over the years. From 1951-1961 ewes left 

the flock through death or were culled if, at a routine inspection 

prior to eating, they were considered incapable of rearing another 

lamb. Culling was used to give flexibility to flock management, 

For instance, culling rates were increased in 1954 as pert of a 

general preparation for drought (Dun, 1964.), In his comparison of 

the Folds selection flocks over the period 1951.1961  Dun (, g,) 

found death to be twice as important as a cause of 1oai than was 

Oulling,with wastage rates of 9 aM  5 per cent respectively for these 

two sources of loss in the Folds Plus flock and 5 and 2 per cent 

respectively in the Folds Wiva flock. 

7ros 1962 onwards the policy was to dispose of ewes after 

they had been in the flock for five years. This policy took several 

years to become generally effective and has occasionally been waived 

when additional matings have bean required for some special purpose. 

The data available simply Indicated the presence or absence 

of a ewe at lambing*  If absent, no information was available of the 

time or cause of disappearance from the flock. The possibility of 
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bias in the data due to ewes eluding matings, and so being recorded as 

'dead', is slight because of the frequency with which ewes were 

inspected and the comparatively small aise of the paddooks. In 

addition, the numbers of ewes losing both ear tags and having to be 

culled due to loss of identity are n.gligbly small, 

The numbers of ewes included in the analysis of survival 

between successive pairs of laabinja and the number of cohorts in which 

the av1Mals were born, are given in Table 2.3.1. It is clear that 

after the fifth lambing the amount of information was considerably 

reduced and for this reason the effects of selection have only been 

considered from the first to the fifth lambing, It is also obvious 

that analysis of these data will not give a complete description of 

wastage in the breeding flock of this population as no account has been 

taken of wastage from the time of selection, at perhaps 18 months of 

age, to the age at which ewes first lamb, at two years of age. 

Age of ewe effects on the data pooled over flocks have been 

extended to cover wastage to the seventh lambing. However, much of 

the data on survival from the fifth to the seventh lambing came from 

the period when the policy of ewe disposal was in the process of 

changing to one of culling all owes after five years. The decision 

to consider a ewe for inclusion in these analyses was made on the 

basis of whether other ewes of that age group and flock were mated 

for a sixth or seventh time. 



Table 2.3.1 

Z(ubers gis iz4od in the ewe survival jLuk, 
survived over dropi 

reure of 2,urvival 

March Mated 
flocks 

April Mated 
flocks Total 

N 	of • No 	of • No, of 
Drops No. Of 

Drops Ewes 
No. of 

Ewes Included Ewes Included 

Survival from lambings 1-2 1535 15 1360 15 2895 

Survival from lambings 2-3 14.12 14 1205 14 2617 

Survival from laibings 3i4 1254. 13 1024 13 2278 

urviva1 from 1anbinga 4-5 1027 12 874 12 1901 

survival from lamb ins 5-6 05 7 331 5 746 

urviyal from lambings 6-7 140 2 174. 3 314 

Statitioa]. An  1ysj* 

Chi-square tests have been used to assess the significance 

or age of ewe effects on the data pooled over flocks. This procedure 
was considered adsquate for the purpose as the number of contributing 

cohorts and the number of ljr year old ewes included were virtually 

the same for all flocks (see Table 2,3.31, page 79). 

Variation among both the March and April mated flocks was 

also assessed by Chi-square heterogeneity tests. However, as the 

flocks were the result of a consistent, continuing and directional 

regime of selection, it was felt that comparisons of appropriate pairs 

of flocks (Plus v, Minus, Plus v. Random, Minus v Random) were also 
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justified. At the same time, no attempt has been made to relate any  

differences observed to the amount of selection practised., as any 

effect of selection on ewe wastage would be counteracted by the change 

in the policy of eve survival and., probably to a lesser extent, by the 

closer supervision of ewes at lambing from 1962 onwards. 

In examining the effect of selection, survival has been 

estimated from first lambing to some later lambing,, and not between 

consecutive pairs of lawbinga, so that the comparisons involving any 

one pair of flocks are not independent. Nevertheless, when applying 

such a large number of testa, there are still difficulties in 

adjudging as statistically significant a difference observed in any 

individual comparison. 

Least squares analyses were used to Investigate the effects 

of a ewe's type of birth (single or twin) and of her own lambing 

performance,, on the probability of her surviving to various ages up to 

and including the fifth lambing. The stimulus to investigate a 

possible relationship between lambing performance and subsequent 

survival came originally from estimates of the heritability of lambing 

performance which will be presented later in this thesis. AS the 

number of lambs a ewe had at mothering was the character generally 

considered in these heritability analyses, it has also been used as 

the measure of lambing performance here. Eves that 'lambed and lost' 

before mothering would thus be classed as having failed to produce a 

ls*b. However, a number of additional analyses have also been con-

ducted in which ewes which lambed and lost before mothering have been 

excluded and in these all ewes classed as having no ewes would, in 
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fact, have tailed to lamb. 

The modal used in thise analyses was, 

a 	u+tj+7j+tx+Pi+tP+e ijkla 

where 1iJklm - an individual observation 

u a overall acen 

the effect of the ithfloak 

yj a 	the effect of the ith year of birth of the ewe 

t a 	the effect of the Kth  type of birth of the ewe 

p.1  a 	the effect of the 1 t lambing performance of the ewe 

tPi1ç1 a the interaction between type  of oirth and lambing 

performance, and 

a random error of observations 

Again, no attespt has been made to identify any time trend in seleotion 

effects, for the reasons set out above. 

Since these data are Binomially distributed, the calculation 

of standard errors in a -anner appropriate for normally distributed 

characters is open to criticism, as are signitioa.noe tests based on 

these standard errors. Nevertheless, some idea of the sampling 

variation can be obtained from the standard errors and they have 

generally been included. 

Results 

Ewe wastage between suooessive pairs of litabings between the 

first and fifth lambs ware 4,2 per cent between the first and second 

labig, 4.8 between the second and third, 57 between the third and 

fourth and 8.5 per cent between the fourth and fifth (Chi-square, 
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3 d.f. a 8.17, P <.05).  Corresponding losses between the fifth and 

sixth and seventh lanbinga were respectively 13.9 and 25,5  per cent 

and the variation among the six estimates was statistically significant. 

This pattern of a rise in wastage with age of ewe in illustrated in 

Figure 2,3.1. 

From these results estimates can be obtained of the 

probability of survival to some specified later ].aabing by multiplying 

the probabilities of survival between successive pairs of lambs up to 

and including the desired later lasibing. Alternatively, corresponding 

estimates can be obtained for ewes born sufficiently early in the 

experiment to have had the chance of surviving to the nominated later 

lambing during the period under investigation. The two sets of 

estimates are in quite good agreement (Table 2.3.2) and indicate that 

by the fifth lambing, between 20 and 25 per cent of ewes alive at the 

first lashing have been lost. Using the first of these methods, the 

estimated percentages of ewes surviving to have a sixth and a seventh 

lambing were respectively 67,8 and 50.5. 

Estimates of ewe wastage in the individual flocks are given 

in Table 2.3.3. Losses in the March aM April flocks were similar 

and there were no significant differences between the March aid April 

Random flocks in percentage survival up to the fifth lambing The 

March mated flocks were found to be significantly heterogeneous for 

percentage survival to the third lambing (X2  9.720  4 d.f., p <.05). 

When the pdrwiae contrasts between the selection flocks were made, 

the only significant differences involved the Folds selection groups. 

Survival to both the third and the fourth lashing was significantly 





lower in the Folds Plus flock than in either the Folds Miiwae or March 

Random flock and the Folds Plum and Minus flocks also differed 

significantly in percentage survival to the fifth lambing (P (.05). 

Some of the contrasts between the Crimps Plum and April Random flocks 

approached this level of significance. 

Table 2.3.2 

Estimates of ewe survival to various ages 

V.easures of survival Probability1  
of survival 

Estimate of  
survival 

3urvival to second lambing 95.8 95.8 

urvival to third lambing 91.2 90.5 

survival to fourth lambing 86.0 8.8 

urvival to fifth lambing 78.7 75.8 

Estimated on the product of the probability of surviving 

between auooessive pairs of lambinga. 

2 Calculated for those ewes which had the opportunity to 

survive to that particular lambing. 



Table 2.3.3 

Wastage rates for ewes in the Individual Flocks. 1951 to 1969 

Lambing Interval 

1-2 2.3 3-4 14.5 

Population  
examined 

4-4 44 44 44 

March mated flocks 

Random 360 4,0 288 3,5 259 5,4 235 11,1 
V7en4ng Wt. Plus 306 6.2 287 3.5 260 6.9 196 10.2 
Veaning Wt. Minus 293 6.5 274. 2.9 250 5.2 196 5.1 
Folds Plus 315 4.1 275 9.4. 232 7.8 187 9.6 
Folds Minus 328 1.9 288 6.2 253 5.9 213 8,0 

TOTAL 1535 4,6 1412 5.1 1254 6.2 1027 8.9 

April mated flocks 

Random 286 2•4. 267 3,7 228 3,5 188 8,5 
Fleece Plus 274. 3.7 230 5.2 193 7.2 165 6.1 
Fleece Minus 254 4.7 22 3.6 190 3,2 171 7,6 
Crimps Plus 282 4,6 249 6.0 210 6.7 171 9,4. 
Crimps Minus 264. 3.8 235 3.8 203 2.5 179 8.9 

TOTAL 1360 3.8 1205 4,5 1024 5,0 874 8.1 



Th. effects of both the birth type of a ewe and her lambing 

perforasnoe on the probability of survival between successive 

leabinga are summarized in Table 2.3.4. Differences in survival 

between single and twin born ewes were mall, not statistically 

significant and not consistent in direction (Table 2.3.5).  Using 

the estimates of survival between consecutive pairs of ].eatbings, the 

probability of ewes ,iiOk entered the breeding flock surviving to 

have a fifth lambing was 73.2  per cent for single born ewes and 

73.8 per cent for twins. 

There was significant variation in the probability of ewes 

with different lambing perforenoe surviving to the next lambing for 

all except that relating to performance at the fourth lambing and 

survival to the fifth (Table 2.3.5).  This association was found 

regardless of whether ewes which 'lambed and lost' before mothering 

were included in or excluded from the analyses (Table 2,3.4) • Ewes 

having twins at their first lambing had greatest chance of surviving 

to have a second leabing, but in all other analyses, ewes producing 

.in81e lambs had the highest probability of surviving to the next 
(,fQ S 

lashing, '';hen performance at each of the first three lambings we. 

examined separately, in each instance ewes with 0 lambs had the 

lowest probability of surviving to have a fifth lambing (Table 2.3,5) 

while ewes with I lamb generally had the highest chance of survival. 

The major aim of the analyses reported here was to 

oharaoterisa this Mono population as regards wastage in the ewe 
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Table 2.3,4 

sumnaa  •q, 	scuares analyses of ImAbUgg  

and tve of birth effects on ewe survival. 

Estimates of overall mean (u) plus least squares deviation (lad). 

and standard errors of the least squares deviations (a...) 

Probability Probability Probability Probability 
of survival of survival of survival of survival 
from first from second from third from fourth 

Main effects to second to third to fourth to fifth 
lambing lambing lambing lambing 

u+lsd 	a.e. u+lsd 	a,.. u+ls*1 	a.e, u+lsd. 	s,e. 

Analysis I - lambing performance taken as number of 
lambs with ewe at mothering 

Lambing perforaanoe* 

.928 	.007 .922 	.007 885 	.009 .870 	.011 !io.lambs 
One lamb .961 	.006 .960 	.006 .947 	.008 .911 	.010 
Twins .980 	.010 .940 	.008 .920 	.009 .889 	.011 

Type of birth 
Single .956 	.006 .94.3 	.005 .910 	.006 .892 	.008 
Twin .957 	.006 .938 	.005 1.925 	.006 .889 	.008 

Overall Mean .951 .945 .924 1 0892 

Analysis 2 - lambing performance taken as number of 
lambs with ewe at mothering 

all ewes 'lambed and lost' excluded 

Lambing p.rformanoe 

.937 	.007 .928 	.007 .891 	.009 .851 	.011 Ewe did not lamb 

Ewe with one lamb .958 	.006  .959 	.006 .94.3 	.007 905 	.010 

".,.We with twins .981 	.009 .94.1 	.0071-922 .008 .868 	.011 

Overall !lean 1.955 1.949 .931 ,874 

Lambing performance recorded at the first mentioned lambing; 

e.g. for survival from second to third lambing, lambing performance 

recorded at the second leabing. 



Table 2.3.5 

$umary-  of the analysis of variance examining the effect of lambinx poi'foranoe 

and type of birth and ewe survival 

Lambing performance taken as number of lambs with ewe at mothering 

Source of Variation 

Performance at 
first lambing 
survival to 

second lambing 

Performance at 
second lambing 

survival to 
third lambing 

Performance at 
third lambing 
survival to 

fourth lambing 

Performance at 
fourth lambing 

survival to 
fifth lambing 

Man Mean Mean Mean 
d.f. Slqliftre d,f. Square d,f, 1, quare d.f. 	Squar 

xlO' xlO' xlO' , 	xlO' 

flock 9 5.88 3 15.61 9 2.82 9 	7.45 
Year 15 18.54* 14 18.30' 13 23.70' 12 	37,56 
Lambing Performance (LP) 2 36.7 2 32.84 2 64,28* 2 	24.39 
Type of Birth (TB) 1 0.07 1 1.02 1 9.16 1 	0.28 
Interaction (LP x TB) 2 0.26 2 961 2 2.46 2 	5,14 
*:esidua3. 2804 4..52 2620 5,05 2299 6.83 1914 	941 



Table 2.3.6 

3xy of the least eqares analysis of lambing pefo1e  effeots 

on 5thsequent ewe surviyal. 

atjaate of overall nasa and least square deviation plus the 

standard error of the least squares deviation  

robabLlity of Probability of ?rbabilitj of 
survival to survival to survival to 

aeooth lambing third lambing fifth lambing  

u+lad i.e. u.la& i.e*  t&+lsd i.e. 

Lambing perforna3e 
at first lambing 0 .925 007 .818 .010 .699 .016 

1 .961 .006 .919 .009 .772 .014 
2 .980 .010 .907 .014 .755 .021 

7.ambing performance 
at second lambing 0 .922 .007 .714 .014 

I .90 .006 .830 .012 
2 ,910 .008 .781 .015 

Lambing p.rfornanoe 
at third. lambing 0 .759 .013 

1 .353 .012 
2 .851 .013 



Table 2.3.7 

Effect of differential ewe survival on retrospective 

ewe reproductive performance (L u.) 

1. Jdjaoent pairs of inabinga 

Laabing 

1 	2 	3 	4. 
4verage porforance for age group 	

.74.3 	.903 	1.011 	960 (all ewes) 

Performance given that ewe survived to 	.754 	.907 	1.021 	.967 the following lambing 

2. 	For ewes surviving to have a fifth lambing 

Lambing 

1 	2 	3 	4. 

Average performance for age group 	 .74.6 	.921 	.996 	.960 (all ewes) 

orformanoe given that ewe survived to 	.770 	.94.6 	1.025 	.967 have a fifth lambing 
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breeding flock. The data available to estimate survival to the fifth 

lambing were extensive and the pattern observed was one of increasing 

wastage as the ewes became older (Figure 2.3.1). Using the information 

on survival between successive pairs of ]ambings, an estimated 78.7 

per cent of ewes alive at first lambing were still alive at fifth 

lambing. Although there is some evidence of statistical hetero-

geneity among the flocks in survival to various ages, the differences 

between flocks had little effect on this figure. For instance, the 

probability of ewes in the Random flocks surviving to have a fifth 

lambing was 79.5 per cent, while excluding Folds Plus ewes from the 

data on all ten flocks only increased the probability of survival to 

fifth lambing to 79,9 per cent. In other words, losses of from 20 

to 22 per cent from  first to fifth lambing would seem to be quite an 

accurate oharsoterisation of ewe wastage in this population. 

This pattern, of an increase in ewe wastage with age, was 

maintained when losses between the fifth and seventh lambings were 

examined. An estimated 50 per cent of ewes alive at first lambing in 

this population have died or been culled before the seventh lambing. 

While deaths were approximately twice as important as a source of 

wastage in the overall figures presented by Dun (1 9614.) for the Folds 

selection flocks, it seems likely that the probability of a ewe being 

culled increases with age. This has been reported by Purser and 

Roberts (1959)  whose criteria for culling were essentially the same as 

those used in the present investigation. If this suggestion is 

correct, then the pattern of ewe wastage presented in Figure 2.3.1 

would overestimate the relationship between age of the ewe and the 



- 86 - 

probability of dying before the next lambing. 

The losses reoorded here are considerably higher than those 

reported by Turner, Dolling and Sheal?e (1959) for similar experimental 

flocks of Merinos and also higher than in the commercial stud flock 

examined by Granger (1944). The culling of ewes from the Trangie 

flock would be implicated in the differences in wastage rates between 

it and the Cunnamulla flocks but, from Dun's (1 964) figures on the 

relative wastage from culling and death, it is unlikely to explain all 

of it. In addition, Turner, Dolling and Sheaffe (2. 	excluded 

from their major analyses losses in a drought year. In the present 

analyses no such exceptions have been made as the aim has been to 

estimate losses in a representative sample of years encountered by the 

breeding flock. Finally, while the conditions of supervision and 

management are generally more intensive at Trangie, at Cnnfl*uuila the 

ewes were lambed in pens. As ewe deaths around lambing probably 

represented a considerable proportion of all losses in a year (Gunn, 

1967) this may also help to explain the apparently lower losses at 

Cunnamulla. 

The manner in which the selection flocks were compared 

provided a relatively insensitive test of the effects of selection, as 

no attempt was made to relate any differences observed to the amount 

of selection practised. The major reasons for not employing a more 

sophisticated form of analysis  were the changes in culling policy, 

time of lambing and general degree of supervision at lambing, which 

occurred in 1962. In this context, it was noticed that in the least 

squares analyses, ewe wastage over all flocks was consistently lower 
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after 1962  than in the period 1951 to 1961. 

The poorer viability of Folds Plus ewes relative to those in 

the Folds Minus flock, reported by Dun (1 96) for the period 1951 -1 961, 

was again noted and the Folds Plus flock was also shown to differ 

significantly from the unaeleot.d March Random flock. In comparing 

the Folds selection flooka, Dun (. 	.) suggested that the 

increased wastage among Fold.. Plus ewes could be due to the higher 

birth weight of their lambs (Dun and hall, 1962) which was often 

associated with &ystooia. He suggested that this not only led 

directly to the death of lashing ewes but also predisposed them to 

infections of the uterus and mammary glands and generally led to 

chronic lose of body condition, 

In comparing the subsequent survival of ewes of differing 

lashing performance, the general pattern could be described as one of 

stabilising selection, with ewes producing an intermediate number of 

lambs, one, being most likely to survive birth to the next lashing and 

also to the fifth lashing, From the numbers of ewes producing 0, 1 

or 2 lambs, it can be shown that the average performance of ewes which 

survive, either to the next lambing, or to the fifth lashing, is 

higher than the average performance for all ewes present at arr 

Lashing between the first and the fourth (Table 2.3.7). A more 

rigorous examination of the possible effect that this differential ewe 

mortality could have on associations between age of ewe and 

reproductive performance will be presented in the next Section. 

In these comparisons, the most consistent and clear out 

distinction is between ewes which did not lash and those which did, 



This suggests that the reasons leading to a ewe not lambing may be 

associated with or the same as those predisposing her to be lost from 

the flock. In this context it must again be stressed that apy  

culling in this population was not on the basis of a ewe's lambing 

performance per se but only on body condition. For a more complete 

understanding of the reasons for these differences in the probability 

of subsequent survival for ewes of different lambing performance, it 

is obviously important to establish the reason for a ewe's 

non-appearance at the next lambing and also to classify individual 

deaths according to the time of the year at which they occur. 

Finally there is the need to consider the likely consequences 

that a selection programme for increased reproductive performance would 

have for ewe wastage rates. The relationships obtained could not be 

used to predict wastage in future generations since they are phenc-

typic and not genetic. However, they could be used to estimate the 

effects of selection for lambing performance within a cohort of ewes 

on the probability of ewes within that cohort surviving to a given age. 

For instance, using the information included in Table 2.3.4, culling 

all ewes without a lamb at their first lambing (33 per cent of ewes) 

would increase the probability of the remaining ewes in that cohort 

surviving to have a fifth lambing from 74.6 to 77.0 per cent, provided, 

of course, that there were no alterations in the criteria normally 

adopted for culling in the flock. If it can be assumed that the 

phenotypic and genetic relationships between lambing performance and 

the probability of ewe survival are of the same order of magnitude, 

then the results presented in Tables 2.3.4  and 2,3.6 suggest that 

selection for increased reproductive performance is not likely to 

influenoe ewe mortality to axe- marked extent, 
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SECTION 24 THE EFPCTS OF AGE OF WE gR=MgF BIRTH ON ZI 

DUCTIEPEBPORANCE AND ON LAIM  
IN THE TRANG.IE FLOCK 

In aaining age of ewe effects on reproductive performance, 

data have been drawn from all matings of both the selection aM 

control flocks over the period 1951  to 1969, All me fro. the base 

population mated in these years were also included. In all, 

information was available on a total of 17075 matings on 4= .,es, 

an average of 4,0 matings per ewe The distribution of these 

matings according to age of ewe is given in Table 2.1, together with 

the number of cohorts sampled. 

Information was available on the survival to weaning of all 

lambs born as a result of these matings. Records were not available 

on the fate, after weaning, of ewes born in 1969  and so information on 

these ewes could not be Included In the analysis of factors effecting 

survive], to hogget shearing. 

Kethoda of Analisis 

From the Information obtained on the numbers of lambs born 

and lambs weaned from one Joined and alive at lashing, the following 

measures of ewe reproductive performance were recorded, 

Numbers of ewes lambing of those Join..! (Ew) 

Number of lambs born per ewe Joined (LW) 

Number of lambs born per labing ewe (L) 

Number of lashing ewes with miltiplo births 

Number of lambs weaned per ewe joins.! (Lv) 

Number of lambs weaned par ewe lashing (La) 
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Table 2.4.1 

Number of ewes Joined in each ae group, 
summed over all flocks and years 

Age of we 
at lambing 

(years) 
NumberNumber of 

Number of 
oohorts 	from 

hj} 

were obtained 

2 39458 36 

3 3,360 36 
4. 3098 36 

5 2,803 36 
6 210 21,9 36 

7 1,023 16 
8 526 10 

9 304 7 
10 and over 154 6 

* In these oalculatioxis, March aM April mated flocks 

have been taken as making separate contributions. 

In these analyses,  triplet lamb survival has been treated as a 

characteristic of the dam, even if the lamb was fostered. For both 

LaL  and E., owes which 'lashed and lost' their lambs before mothering 

were discarded from the analysis  as tar as that mating was concerned. 

Least squares analysis were used to estimate the relative 

importance of various factors affecting these measures of ewe 

reproductive perforaee. In ed4it ion to analyses utilising all 

available information, a separate set of analyses was conducted on 

data obtained from the matings between 1962 to 19699  because of the 

greater confidence which could be attached to records obtained in 
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that period. 

The following model was used in these anaiyaet 

(k) 

where X IjkI = an individual observation 

= the effeotof the ithflook 

aj 	a the effeot of the j th  age group of owes 

the effect of the kth  year of lambing, and 

a random error 

Least squares analyses were also used to compare the 

reproduotive performance of ewes born as singles or as twins. All 

lazabinga from 1953 to  1969  were included in this comparison, ewes 

born before 1951 being excluded as w information was available on 

their type of birth. The model employed was the same as Model 1. 

with additional terms for type of birth of the ewe and the first 

order interaction between type of birth and the age of the ewe at 

lambing, 

From the numbers of lambs weaned, estimates were obtained 

of the number of lambs weaned per lamb born (La). As for 811 

measures of lamb survival, two analyses were conducted, one covering 

the period. 1951 to 1969, and the other the years 1962 to 1969. The 

following model was used to examine L: 
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- U+fj+ftJ+7k+tl+5a+t&+Sj1 	(2) 

where the terns Uklmnu 	a aM s ijklmm have the 

sane meaning as In Model I • and where: 

the effect of the kth  year of  birth of the isab 

the effect of the 1  t type of birth 

effect of the ath  sems, aM 

talm  - the first order interaction between sox and type 

of birth. 

Lambs dying before mothering were not included in these analyses. In 

addition, triplet lambs were not considered, as usually at least one 

somber of the set was fostered, while the sasU ruabar of ran lambs 

which were castrated were also excluded. 

The lambs were then sorted according to sex and type of 

birth and survival was estimated separately for singles and twins 

and T) and then for male aM f&1e lambs within each of these 

type of birth categories; single born rams (Sv,R), single born ewes 

twin born rams (TflR)  sod twin born ewes (TflE).  Model I 

was used to examine these characters with 'years' in this case 

referring to year of birth of the lamb. 

The same torn of analysis and statistical model (I) were 

employed in examining ewe survival to hagget shearing. Survival to 

this age was assessed indirectly,, from the presence of a fleece 

or body weight record. As shearing and weighing occurred on 

separate days, there was littie chance that a ewe alive at that age 
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would elude mustering and recording on both days. 

The data utilised in these analyses are binomially 

distributed or are both discrete and fail into a small number of 

classes. As the calculation of the standard errors of least squares 

deviations requires that the data. be  normally distributed, the accuracy 

of such estimates included here is questionable, as is the validity 

of significance tests ibioh are based on estimates of the std 

errors • In addition, the least squares analysis of owe reproductive 

performance is not entirely adequate, as the total number of matings 

mainly consisted of repeat observations on the individua]. ewes. In 

such circumstances, the observations on an individual ewe are 

correlated to the extent that the character being investigated is 

repeatable (r) and the estimate of the error variance (6) is biased 

downwards by an amount r6. 

Results 

In examining ewe reproductive performance, ewes were 

classified according to nine age groups, from 2 to 10 years of age and 

over at the time of lambing. The effects of age of ewe, flock and 

year were adjudged significant for all characters examined, L, LM, 

LBLP L, Lu., LWL   (Table 2.4.2). The least squares deviations for 

different age groups of ewes, and their standard errors, are given 

in Table 2.4.3  and the deviations plus overall means for all 

characters other than B 
JIL 

 are presented graphically in Figure 2.4.1. 

The pattern of association with age was similar for all characters, 

with an increase from first lambing,, when the ewes were two years of 

age, to a maximum around six years of age, followed by a decline. 
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Table 2.4.2 

Suqry of the a1yees of vsrjao. for aea.s of ewe reprodutive perforusa... 

All years,. nine ansi of ywo 

Soiaroe of Degrees 
Of 

Mean Squares 

Degrees 
of 

Mean Squares 

- Em Lambs born 	Lambs Lambs born Ewes with Lambs 
Variation Freedom lambing of 

thOS* per ewe wearied per Freedom per 
lambing multiple weaned per 

lambing 
Joined ewe Joined birthsJoined ewe ewe 

Plooki 9 3,1% 7.758 8.050 9 6.496 5.953 5.907 

Tears 18 2,835 14.885 8.589 18 6.638 6.016 3.094. 

Age of Ewe 8 3,408 24.869 18.143 8 14.482 13.181 9.841 

Residual 17038 .180 ,4.69 .450 12113 .196 .181 .5 
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For eranpie, the number of Lobs born per ewe joined rose from 0,75 at 

2 years of age, to 1.07 at 6 years, and fell again to 0.79 when the 

ewes were 10 years of age or older, Corresponding figures for lambs 

weaned per we Joined were 0.67, 0,9 and 0,65. 

When the data obtained in the period 1962 to 1969 were 

examined, ewes were classed into seven age groups, from 2 years to 

8 years of age and over at lanbing. Again age of ewe effects were 

significant for all sin character* exawined, and the pattern of 

association with age of ewe was essentially the sane as observed Then 

all data were analysed (Table 2.4.4). 

There were no significant differences between single  and twin 

ewes in any measure of reproductive performance (Table 2.4.5). 

higher proportion of single ewes lashed (71.8 v 69.7 per cent) whiles, 

for each ewe Joined, twin born ewes produced more lambs at both birth 

(90,4 v, 88,1 par cent) and weaning (76.7 v, 74,2 per cent) (Table 2.46). 

On average twin ewes also had a higher number of lambs per lashing ewe 

(135.1 v. 131.1 per cent). The birth type x age of ewe term was 

significant for this character (Table 2,4.5.,P <.05) aM single born 

ewes were superior at both 2 and 7 years of age (Table 2.4.7). 

Using the information collected from all lambings, 1931 to 

1969 inclusive, the overall mean for lash survival to weaning was 

87.0 per cent. Year of birth of the lamb, sex and type  of birth of 

the lamb accounted for a significant proportion of the variation 

( <.05), but age of ewe and the interaction between the sex and the 

type of birth of the lamb did not (Table 2,4,8), Estimates of the 

overall asen for lash survival plus the least squares deviations for 



Table 2.4.3 

Association betw.n age of owe and reproductive perforarce. 

Fitted constants. their standard srrora and overalL means 

1. Nine age groups of ewes 

No. of No. of No, of No. of No, of No. of 

Age of Ewe lambing ewes lambs bore lambs weaned lambs born lambing ewes lambs weaned 

at 
laabinf 
(years) 

per 
Joined 

ewe 
(EU)  

per 
Joined 

ewe 
(t) 

per ewe 
Joined (La) 

per eve 
lambing (TaL) 

with multiple 
births (E) 

per lambing 
ewe NO 

led i.e, lad s.c0 lad s,e* lad a,,, lad a.., lad. i.e. 

2 -.031 .009 -.170 .014 -.126 .014 -.197 .011 -.188 .011 -.137 .014 
3 .027 .009 -.009 .014 .008 .014 -.060 .011 -.052 .011 -.030 .014 
4. .066 .009 .096 .015 .096 .014 .020 .011 .024 .011 .037 .014 
5 .04.0 .009 .085 .015 .093 .015 .065 .012 .064 .011 .086 .014 
6 .067 .010 .154 .016 .14.0 .016 .097 .012 .090 .011 .096 .015 
7 .036 .013 .071 .021 .069 .021 .061 .017 .054. .016 .066 .020 
8 -.061 .018 -.070 .029 -.069 .028 -.015 .024 -.012 .023 -.029 .028 
9 -.028 .023 -.031 .037 -.065 .036 .031 .029 .026 .028 -.030 .035 

10 and -,116 .031 -.128 .050 -.145 .049 -.002 .01.2 -.005 .040 -.060 .050 
ovur 

Overall 
mean .753 .003 .919 .005 .796 .005 1.292 .004 0.285 .004. 1.119 .005 

Proportion 
of the 
total 

variation .031 .064 .047 .116 .115 .056 
accounted 
for by the 
model (R2)  

\0 
0 



Table 2.4.4 

Association between 	of ewe  and reproductive PertorasriO.. 

Fitted oonatante their standard errors, and oven].] means 

3. 	Seven age groups of ewes, years 1962-1969 

Deviations from Overall means and their standard errors for:  

__ No. lashing No, lambs No. lambs No. lambs ewes with 
No. lashing ____ lambs s Age of Ewe 

at ewes per born per weaned per born per multiple weaned per  
lamb" ewe Joined ewe Joined ewe Joined lambing am lambing ewe 
(years) (x) (La births) (LWL) 	- 

lad 	s,e, lad 	a,e, lad 	i.e. lad 	a.., 1.4 	si, lad 	see. - 

2 -.042 	.012 -.265 	.020 -.202 	.020 -.290 	.016 -.278 	.015 -.213 	.019 
3 -.020 	.012 -.107 	.020 -.085 	.020 -.100 	.016 -.091 	.015 -.077 	.019 
4. 04,6 	.012 .078 	.021 .081 	.020 .021 	.016 .028 	.015 .038 	.019 
5 .030 	.013 .097 	.021 .104 	.021 .091 	.010 .090 	.016 .106 	.020 
6 .037 	.013 .146 	.023 .128 	.023 .122 	.017 .106 	.017 .111 	.021 
7 012 	.024, .180 	.04.0 .139 	.04.0 .142 	.030 .119 	.028 .103 	.036 
8 -.092 	.035 -028 	.060 -.165 	.059 .013 	.046 .025 	,041 -.066 	.056 

Overall .747 	.005 1.030 	.009 .878 	.008 1.393 	.007 .381 	.006 1,188 	.008 mean 

Proportion 
of the 
total 

variation .034 .068 .04.9 .111 .111 .056 
a000mted 
for tgr the 
model (R2) 



age of ewe, sex end type of birth of the lamb are given in Table 2.4.9. 

Estimates of survive] of singie and twin born lambs were 880 and 

83.6 per cent respectively; the figures for ram and ewe survive] 

were 84.6 and 870 per cent respectively. While the .ff..t of age 

of ewe was not significant, five year old ewes weaned the highest 

proportion of their lambs, and survival of lambs from the oldest ewes 

(8 to 10 years of age) was the poorest. 

Table 2.4.5 

3uMpary of the a 	seoftye !' 	lagtg  

v 

,;our** of 
Variation d. I  

Mean Squares Mean Squares 

Ew L3J EML IL 

Tears 16 2,480  12.42' 6,50' 16 4.49' 4.09' 1.99' 
nooks 9 2.58' 6.47' 6.70' 9 4.32' 3.87' 3.63P 
Age of Ewe 8 2.31' 21.26' 15.4Y 8 13.99' 12.66' 9.95 
Type of 
Birth 1 0.18 0.23 0.26 1 0.36 0,23 0.24 

Age of 
Ewe x Type 8 0.29 0,84 0,74 8 0,59' 0.42' 0.52 
of Birth 

Residual 13434 0.18 0,49 0.47 9536 0.21 0.19 0.30 
-- 

Essentially the same results as these were obtained when the 

analyses were restricted to data collected from 1962  to  1969, over 

which period the overall mean survival was 86.0 par cent. Again five 

year old ewes weaned the highest proportion of their lambs, and the 

oldest age group of ewes, 8 years of ag. and older, the lowest 

proportion (Table 2.4.9), 



Of all ewe lambs born, 79.9 per cent of si'igles and. 75.1 per 

cent of twins survived to hogget shearing (Table 2.4.11, p (.05). 

This difference was due almost entirely to the superior survival of 

single born ewes between birth and weaning as the differenc, between 

singles and twins after weaning were small (88.6 v. 880 per cent) 

and not statistically significant. Jige of ewe effects on ewe lamb 

survival to the age of bogget shearing were not significant when 

expressed as a percentage of either ewe lambs born or weaned. 

Table 2.4.6 

Estiaate5 of lambing Dez'j'or$anoe of saa]e and twin born ewes 

Character 

ELJLBJLWJ 

Singles .718 .881 .742 1.311 1003 

Twins .697 .904. .767 1.351 1.137 

Superiority of twins () -2.9 2.6 3.4 3.1 3.1 

X 100 

S 

Age of ewe effects were not significant for any of the four 

sex x type of birth classes of lambs, or when the sexes were pooled 

and data on the single and twin born lambs were examined (Table 2.4.10), 

In the twin lamb study, there was a slight tendency for survival to 

be highest for lambs who., dams were in the intermediate age groups. 

While age of ewe effects accounted for twice the total variation in 

twin as in single lamb survival (0.2 v. 0.1 per cent), in both analyses 

the effect was triviAlly small. For all ages of ewe, the survival of 
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single lambs was superior to that of twins. 

Discussion 

In estimating age of ewe effects on both ewe reproductive 

performance and lamb survival, data were drawn from genetically 

distinct flocks. In all of these analyses, flock effects were 

significant and flock means for some of the characters examined are 

given in Table 2,4j,2, The extent to which these flock differences 

are genetic will be considered later in this thesis • For the moment 

It will be assumed that neither selection, nor the tact that flocks 

ware mated at different tines of the year has biased the relative 

performance of ewes of different ages. 

For the period 1951 to 19699  the average numbers of lambs 

born and lambs weaned per ewe joined in this population were 

respectively .919 and. .796, An estimated 75.3 per cent of all 

matings resulted in a ewe lambing. Of these, 27.8 per cent of ewes 

produced twin lambs, 0,7 per cent triplets, and there was one set of 

quadruplets. 

The pattern of association between age of ewe sod both LW 

and W'j was similar to that previously reported In the literature 

(see Table 2.2.3 , page 68)1, with the peak for both characters 

occurring at six years of age. Only when ewes were ten years of age 

did they wean as few lambs as did the maidens. The sans pattern of 

association with age was observed for S. and L, with the peak 

performance again when the ewes were six years old. On the ether 

hand, age of we effects on lamb survival were small as regards their 

effect on total variation for lamb survival, and maiden and old ewes 



Superiority of twins (%) 

x 100 

Table 2.4,7 

leans for the type of birth x age of swes 

subclasses for lambs born Der ewe 1011bing  (L) 

Age of IWO (yisai'a) 

2 	3 4 	5 6 7 

1.117 	1.21.3 1.332 	1.366 1.398 1.431 

1.09.5 	1.279 1.360 	1 .434. 1.483 1.339 

-2.0 	2.9 2.1 	5.0 6.1 -6.4 

8 9 10 

1.319 1.305 1.5 

1.31 1.423 1.407 

1.7 9.0 9.5 
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were only sightly inferior to ewes of intermediate age in their 

ability to rear their las 

Twin born ewes gave birth to 2.3 per cent more lambs than 

did single born ewes, and weaned 3.4 per cent more lambs, Results 

such as these ewthaaiae the iaportanee of increasing the inold.noe of 

twinning in Merino flocks. The superiority of the twin born ewes 

was achieved despite the fact that fewer of them lambed. While the 

twins produced on average larger litters, this was not so at all ages. 

The superiority of the single born ewes at first lashing is not 

surprising, as they are usually heavier at first mating (Dun and 

Grewel, 1963; Lax and Brown, 1967) and body weight at sating and the 

incidence of twins at first lambing have been found to be positively 

correlated in other Merino flocks (see for ezomple,, Lax and Brown, 

1968). When data on the Random flock ewes were examined, singles 

were three per oent heavier at hogget shearing (81.5 v. 79.0 lb.), 

and the phenotypic correlation between the body' weight and the Inoidenoe 

of twins at first lashing was .14. Calculated as a regression within 

each birth type, for every 10 lb. increase in body weight, L IM 

increased b .03 lambs per lambing ewe. The relative Iroveant 

with age in the performance of the twins, at least up to the fifth 

lashing, say simply reflect the gradual decline in the importance of 

this maternal he1joap that the twins suffer, or it could have a 

genetic explanation. It is not clear why singles should then be 

superior at the sixth lambing, 

Some oont is necessary on possible bias in these measures 

of ewe reproductive performance • The obvious contributors to bias 
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were the relatively infrequent mothering of lambs and ewes over the 

period 1951 to 1961, and the 5.9 per cent of all lambing ewes were 

recorded having lost their lambs before mothering (see Table 1.1.2, 

page 12). The first of these factors mould sot to uMersttts 

performance at birth (LM, LE, E) for axW ewe losing lambs between 

birth and mothering, but still having at least one live lamb at 

mothering. The 'lambed and lost' category is simply the limiting 

form of this problem of underestimation, where a ewe has lost all of 

her lambs by mothering. In uederestinating the number of lambs at 

birth, lamb losses to weaning are also underestimated. It is not 

clear to what extent such factors could bias the age group comparisons 

for characters such as L and L., However,, they will not influence 

either the overall performance of the population for L, or the 

relative age groups of ewes for this character. 

Table 2.4.8 

Srr of npjypj  of varianoflators 
t.oting la*b 

Sour** of Variation 

AU Years 1962-1969 

Square# squares 

Tears 18 399* 7 .465' 
Flocks 9 .306 9 .250 

Lambing 8 .180 6 .190 

Sex I 2.135' 1 1.901* 

Type of Birth I 6.01 1 2,060' 

Sex x Type of Birth 1 .196 1 .353 

Residual 
4--- 

11+556 .112 71316 .119 

* P<.05 
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Lamb losses between birth and weaning were estimated at 

13 per cent for the period 1951 to 1969, aM 14 per cent from 1962 to 

1969. As was pointed out in the previous paragraph, both figures 

are underestimates of mortality. If we ignore the possibility that 

the litter also of ewes with lambs at mothering is underestimated, 

then revised estimates of lamb mortality can be obtained from the 

incidence of 'Imbed and lost' ewes in the two periods and different 

age groups, and by assuming that they produced litters of the same 

size as the average for ewes of their age. Estimates of lamb 

mortality were then 17.5 per cent for the whole period covered, and 

14.8 per cent for the years 1962 to 1969. Using the estimate of 

82.5 per sent survival between birth and weaning, and allowing for the 

superior survival of ewe lambs to weaning (Table 2.4,9) then the 

re-estimated proportion of ewe lambs surviving from birth to hogget 

shearing was 74.7 per cent. 

The superior survival of single lambs compared with twins 

in this study, and of ewe lambs compared with rams, has been observed 

in all other studies with the Yerino where such comparisons have been 

made (see Table 2.2.5, page 71 ). The sex ditf.renee of approx- imately 

three per oent is representative of all these investigations. 

On the other band, the relative survival of singles and twins has 

been quite variable, and the figure reported here, of 3.4 per cent for 

the period 1962 to 1969,  Is much lower than obtained elsewhere 

(Turner sod Dolling, 196 Wufleney and Brown, 1969). 

The percentage deviation technique (Turner sod Doling, 1965) 

has been used to assess the relative contribution of the components 
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Table 2.4.9 

Psatori aft.etthg isab *Lurvival O WS7dIg 

?it4e4 oostnta plus the overall mean 

with stare error. of the aonstpata 

All Years 1962-1969 

Pastor Fitted 
oona tent 

_____ Fitted 
oonstant  sta,era 

+ overall error of 
constant + overall error of 

constant mean 

Age of ewe 
at lambing 

2 186B .008 .866 .011 
3 .866 .007 .850 .010 
4 .870 .007 .868 .010 
5 .883 .008 .876 .010 
6 .865 008 .862 .011 
7 .869 .011 .834 .019 
3 .853 .015 .790 .027 
9 835 .019 

10 .815 .023 

Type of Birth: 
Single .880 .003 .870 .004. 
Tin .836 .003 .834 .004. 

Sex: 
Male .84k .003 .836 .004 
Female .871 .003 .869 .004. 

Overall Mean .870 .003 .860 .0014. 

Proportion 
of of the 
total 
variation .012 .015 
aecounted 
for by th 
model 	(R) 
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Table 2.4.10 

I • 	Years 1951 to 1969;  Nine age groups of mms 

Age of Swe Fitted constant plus overall mean for: 
at lambing 
() TB.E 3WB 

I 

7.71. R 
- I 

WB.E TWB 

2 .878 .904 .890 .794 .873 .833 
3 .880 ,893 .886 .846 .84.6 .847 
4. .872 .916 .894 .885 .838 .847 
5 .877 .922 .900 .849 .877 .863 
6 .853 .893 .873 .846 0859 .852 
7 .846 .905 .877 833 .872 .833 
8 .860 .894 .877 .844 .816 .831 
9 .824 .920 ,873 733 ,851 792 

10 and over .819 .897 .858 .718 .778 .748 

Overall asan .873 .905 .889 .835 .854 .845 

2. 	Years 1962 to 1969; 	Six age groups of ma 

2 .860 .910 .885 .799 .866 .832 
3 .862 .868 .865 .840 .827 .833 
4 .858 .920 .889 .860 .837 .848 
5 .858 .913 .885 .56 .862 .859 
6 .822 .902 .862 .828 .879 853 
7 and over .863 .871 .867 .768 .84.1 .804 

Overall man .837 .904. .880 833 .853 .840 
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to age group differences in a.e reproductive performance. The age 

groups chosen for comparison were 2, 6 ad 10 year old ewes, as they 

represented the extremes in terms of both age and performance. The 

deviations presented in Table 2.4.13 are from the overall means • The 

six year old ewes were above the mean in both 	and L, and these 

components contributed almost equally to the superiority of this age 

group in LBT  and L. At the other extreme of performance, the 2 and 

10 year old ewes performed similarly for Lw,,T  but for rather different 

reasons'. The poor performance of the two year old ewes was because 

they produced few twins. The ten year old ewes were most noticeably 

below average in the proportion of ewes lambing and, to a lesser 

extent, in lamb survival. Compared with the two year o34 ewes, the 

poorer survival of lambs from 10 year old ewes was apparent both for 

single and twin born lambs, and was not simply a reflection of the 

higher proportion of twins produced by the older group of ewes. 

In general, these results are similar to those reported for the 

Cunmulla flocks of Merinos by Turner and Dolling (1965), 

In addition to theae percentage deviation comparisons, the 

percentage of the total variation accounted fOr by age of ewe effects 

has been used as a measure of the contribution that the components 

make to the variation in reproductive performance over all age groups. 

Age of ewe effects had the greatest influence on the variation in 

L 	(4.3 per cent) and considerably less on either 1. or LwB  

(0.9 and 0.2 per cent respectiv.2y). 

It should be pointed out that the proportion of the total 

variation a000unted for by an.y of these models was small, of the order 



Table 2.4.11 

Influence of aas at d** aM type of birth on the survival rate 

at ewe lambs to hoget ahsaringj least sgusre deviationsplus 

overall mean and standard errors of the deviations 

Analyses 

I • 	Survival rate of 2. 	Survival rate of 3. 	Survival rats of 

ewe lambs as a owe lambs as a ewe lambs as a 

Factor Percentage of 
percentage of percentage of 

all lambs born an ew lambs all ewe lambs 
born weaned 

Deviation + Standard Deviation + Standard Deviation + Standard 
Overall Mean Error Overall Jean Error Overall Mean Error 

Age of ewe at 
lambing (years) 

2 .4.09 .011 .775 .014 .877 .011 
3 .397 .011 .762 .013 .874. .010 
4. .415 .011 .782 .013 .891 .010 
5 .409 .011 .813 .014 .897 .011 
6 .405 .012 .773 .014 .881 .011 
7 .422 .016 .772 .018 .870 .015 
8 .421 .021 .782 .025 1911 .020 
9 .366 .027 .773 .033 .865 .026 
10 .380 .032 .743 .039 .879 .032 

Type of birth.- irtht
Single Single .7 .005 .886 .004. 
Twin .751 .005 .880 .004 

Overall Mean .402 .004 .789 .005 .892 .0011. 
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of one per cent for lamb survival and varying from 3 to 12 per cent 

for ewe reproductive performance. Similar results to these were 

obtained by De Hams and Dunlop (1969) and Mullaney and Brown 

(1969; 1970) and. De Hams and Dunlop suggested that this is due, at 

least in part, to the coarseness of measurement implicit in a 

binomial classification. 

Finally it is necessary to return to a topic introduced in 

the previous Section. There it was reported that for a particular 

lambing,, the average performance of all ewes alive at that lambing was 

less than the average for ewes which also survived to have a subsequent 

lambing. This could be described as a directional effect of 

natural selection. In the same flock, it was customary, over at 

least half of the period under investigation, to cull ewes considered 

to be incapable of rearing another lamb. The effect of both forms 

of selection would be to bias upwards the relative performance at 

later lambings. The extent of this bias would depend on the 

repeatability of the character and, in the culling programme s, the 

accuracy with which potentially poor producers could be identified.. 

In both models of selection, it would also be expected that the 

average performance of ewes which survived to have some later lambing 

would be above average tt all previous lambings. This trend was, 

in fact, observed in a comparison of ewes born sufficiently early to 

have had the opportunity for at least five lambings (Table 

In other words, estimates of age trends obtained from such ewes would 

be biased in such a way that the relative performance of the later and 

most productive ages would be overestimated. 



Table 2.4.12 

Flook aeena for varirnis measures of ewe reproductive p.rfor.ac.. 

From, ana].ysea over all years, nine ege &roups of ewss 

Flock 

Character 

Dwes lanbiz Lambs born per Lambs born per Lambs wesns& 
of thoseJoined ewe Joined lambing ewe per lambing ewe 

(EL1?) (') () ('b) 

March  mated flock 

Random .769 1.007 1.375 .878 
Weaning Wt. Plus .713 .923 1.373 .794. 
Weaning Wt. Minus .696 .927 1.399 .783 
Folds Plum .636 .762 1.291 .637 
Folds Minus .744. .974. 1.356 .858 

April mated f3OOk 

Random .759 .905 1.232 .764 
Fleece Plus .710 .840 1 .244 .698 
Fleece MInus .786 .895 1.194. .773 
Crimps Plus .758 .876 1.220 .762 
Crimps Minus .746 .920 1.311 .768 



Table 2.4.13 

Contribution of oo.pon.nta to ae of owe ditf.renoes 
.LLBJ and LWJ 

I • 	Lambs born per we joined 

Age of Lwo Percentage deviation from the Mean 1n 
at lambing'  
(year.) 

2 -15.9 - 4.1 (21.i)1  -153 (78.9) 

6 +16.8 + 8.9 (54.3) + 7• 	(45.7) 
10 -13.9 -15.4 (98,7) - 0.2 ( 1.3) 

Overall 
Wean .919 .753 1.292 

2. 	Lambs weaned per ewe joined 

- Lwj 

2 -15.8 - 4.1 (20.9) -15.3 (78.1) -0,2 ( 1,0) 
6 +17.6 + 89 (56,3) + 75 (47.5) -.06 (-3.8) 

10 -18.2 -15.4 (71.0) - 0.2 ( 0,9) -6.3 (29.1) 

overall 	- .796 Mean .753 1.292 - 	.870 

Figures in brackets indicate the proportion of the deviation 

In L or L which can be attributed to that component. 



Table 2,4,14 

The effect of differential ewe wastage on the association 

between reproductive  Performance i4 ag, of ewe 

Estimate-4, of IgRal squares devationa pjus the 9veral3 seaa, 
and atsdz&r& errors of the deviations 

srnbs born per AU ewes had five laabinga No restriction on 
number of lasbinga 

owe ioinsd 
lad +u 	a.., led +u 	a... 

Age of ewe at 
lambing (years) 

2 .771 	.015 .741 	.013 

3 .938 	.015 .914. 	.013 
4. 1.021 	.015 .993 	.013 

5 .978 	.015 .962 	.014 
6 1.077 	.015 1.077 	.014,. 

Overall "an (u) .970 	.008 .940 	.007 

_______ "4*" "ell  All ma had five lashings MO restriction on 
awe Joined number of lashing. 

lad + u 	a... lad + u 	$0 00 

Age of owe at 
lashing (years) 

2 .0 	.015 .648 	.013 

3 .817 	.015 .788 	.013 

4. .879 	1015 ,854 	.013 

5 .867 	.015 .84.5 	.014. 
6 .923 	.015 .921,. 	.014 

Overall seen (u) .844 	.007 .814. 	.007 

/ All ewes were born in the years 1951  to  1963, 
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SEMON 	300-n  -FOR CULlING IN Tlr& TRANGIR 1PULATION 

The information presented on age specific rates of both ewe 

wastage and reproductive performance can now be used to estimate the 

overall reproductive performance of this Merino population, and the 

relevant results are s'rised in Table 2.5.1 • In adjusting ewe 

losses between lambings (Table 2.3,3)  to losses between matings 

(Table 2.5.1) it has been assumed that losses are squally frequent 

before and after lambing. The ean• assumption also enables estimates 

of ewe reproductive performance to be related to ewes Joined and not 

ewes Joined and alive at lambing (Table 2.1 1.3) • Wastage between 
first mating and first lambing has been taken as half the wastage 

between the first and second lambing. 

The Trangie population could be maintained by retaining ewes 

in the breeding flocks for only three years (Table 2.5.2). For 

flocks of from 3 to 7 age groups, seven being the largest number of 

ag. groups considered here, both the innate capacity for increase and 

the net reproduction rate ros* as additional age groups were retained. 

For a flock of seven age groups, the population could grow at the 

rats of 159 per thousand per year, or, alternatively, 53 per cent of 

hogget ewes could be culled. 

Compared with the three age groups necessary for the 

self-reproduction of the Trangie flock, the population described by 

Mauls (1971) required seven age groups and the Cunnamulla population 

(Turner and Young, 1969)  four. However, the Cmnaaulla flock was 

superior to the Trangie flock in both N.R.R. and r a if at least six 

age groups were kept. 



One consequence of selecting ewes already in the breeding 

flock is that the age structure of the flock not be altered if both 

Its sise and the number of age groups are to remain constant. For 

instance, to cull ewes after third leabixag, it is also necessary to 

join more ewes at the first two matings. As a simple example in 

which natural wastage is ignored, each age group in a flock of five 

age groups would constitute 20 per cent of the total numbers. To 

oull 50 per cent of ewes after the third lambing, the proportions in 

the five age groups would then be 251, 251, 25, 121 and 121 per cent. 

When natural wastage is taken into account, the increase in numbers 

joined at the early matings would be greater to allow for the sans 

percentage of ewes to be culled after third lambing, 

As Taicin and Biohaz'd (1961,) pointed out, altering the age 

structure by increasing the proportion of young ewes in the flock 

often results in lowering overall flock reproductive performance, 

The magnitude of &W such possible effects will be considered later 

in conjunction with responses to selection to specified levels of 

culling, 

As to the scope for selection after ewes have entered the 

breeding flock, the meziaum amounts of culling possible after the 

first or second laabings in a flock of seven age groups of ewes are 

respectively 62 and 76 per cent of ewes of that age, These figures 

correspond to 24 and 26 per cent respectively of all ewes in the 

breeding flock. Of course, after the third lambing all ewes could 

be culled, as by that time each ewe will, on average, have replaced 

herself. However, culling all ewes after the third lashing would 

mean that there would be no artificial selection based on that lashing 
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record, In deciding on a culling policy to improve ewe reproductive 

performance, it would clearly be important to estimate not only the 

expected overall improvement in flock performance but also the relative 

response and hence the relative future performance of the different 

age groups of ewes. 

Information can be gleaned. from Table 2.5.1 and. 2.5.2 on the 

effect of altering the age structure of the flock on the generation 

length. Increasing the number of age groups may increase the amount 

of selection which is possible, but it need not lead to the most rapid. 

response. Calculations have been mad.e of the ratio of the standard-

ised selection differential to generation length for a flock in which 

selection is among hogget ewes and in which two systems of ram usage 

are possible (Table 2.5.3).  For both systems of ram selection, the 

ratio is at a maximum when six or seven age groups of ewes are 

maintained. With appropriate estimates of heritability, it would be 

possible to translate these ratios into expected genetic progress. 

The effects of altering the age structure on flock 

productivity can be seen in Table 2.5.4. As in the Cuu'ulla flock, 

increasing the number of age groups up to seven would lead to an 

increase in the numbers of weaner rams and of surplus hogget ewes 

available for disposal. On the other hand, there would be fewer 

cast for age ewes and these would be older when cast. As Townsley 

and. Schroder (1961..) have pointed out, any decision on an optimal 

flock structure is essentially an economic one, taking into account 

both the quantity and value of saleable items produced. It would 

obviously be necessary to consider age of ewe effects on wool 
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production and quality (Brown at. al., 19&6) when attempting to 

determine an optimal age structure for a Merino population such as 

this. Finally,, it should be appreciated that the foregoing 

discussion relates to a flock which is not undergoing selection for 

such production characters; selection introduces a considerable 

number of complications into such deliberations (see Turner, Brown 

and Ford, 1968). 



Table 2,5.1 

Values used In the oaloulatinn of overall auns of r.roduotion 

Age interval 
between Pivotal 

M 
Death rate 

(dX) 

Probability of 
survival to 
beginning of 
age interval, 

Ewe lambs resobing age 
of first mating 
as perouitage of 
ewes Joined 

Oç) 

1. x Z xi a x x 

1 	= 2 0.042 1.000 0.300 0.300 0.600 

- 3 3 0.014 0.958 0.354. 0.339 1.017 
- 44 4 0.051 0.916 0.411 0.376 1.504. 

5 0.070 0.869 0.400 0.345 1.725 

6 0.112 0.808 0.4.17 0,337 2,022 

- 74 7 0.197 0.718 0.322 0.231 1,617 

74 - 84 8 0,255 0.577 0.321 0.185 1.480 



Table 2.5.2 

Overall aeasures of ro9rokuct-IM for flocks of vsriou js structures 

nook structure 

Measure of performance 	Ewes of 	Ewes of 	Em of 	Ewes of 	Ewes of 
3agss 	J,ages 	5g.a 	6agss 	7ages 

(2-4 years) 	(2-5 years) 	(2-6 years) 	(2-7 years) 	(2-8 years) 

Net reproduction rate (NJR.) 	1.015 1.360 1.697 1.928 2.113 

Generation length (T) 	 3.075 3.563 4.04.7 4.40I 4.716 

Number of hoget ewes selected - as proportion of number 	 .985 .735 .588 .519 .473 
available (i/.R.1.) 

Number of hogget ewes ihich can be 
culled as proportion of those 	.015 .265 .412 .481 .527 
available (N.R.R. - 1)/N.R.R. 

Tnnkte capacity for increase 
.005 .086 .131 .14.9 A 59 



Table 2.5,3 

The relationship between the amount of selection iihich oan be applied 

and the ALneration length for flocks of different age structures 

where selection is only among hogget ewes 

age groups 
of 

Number of 
replacement 

owes required 
(and available) 

Number f 

 

3tkniiM1'diaed 
selection 
intensity 
(s.s.I.) 

Rees used one. at 
t 	y 

RIRS Used twice 
at two and three  

 years of age 

Generation Ratio of Generation Ratio of 
length S.S.I. length S.S.I, 
(G.L.) G.L. (c,L.) 

Three 
(.wes 2-4 years) 

38 
(353) .038 2.59 .015 2.79 .0 1k 

Four 
(ewes 2-5 years) 

267 
(3Q) .445 2.78 .160 3.03 .147 

Five 
(ewes 2-6 years) 

220 
(374) 662 3.02 .219 3.27 .202 

Six 
(ewes 2-7 years) 

190 
(366) 768 3,20 .240 3.45 .223 

Seven 
(ewes 2-8 years) 

171 
(362) .810 3.36 .241 3.61 .22 



Table 2.5.4 

The otfeot oL' altezlnç f3ook structure on flock p.rorev1,. 

Number of 
age 
of ewes 

Number of 
year old 

ewes 

Number of 
year oldNumber 

ewes for 
diaposal 

of 
raw weaners 
produced 

Number of oast 
for age ewes 

oduoed 
(age at casting) 

Thz'e. 
(ewes 2-4 years) 353 5 311 

(4 years plus) 

Four 
(ewes 2-5 years 3 	• 97 395 226 

(5 years plus) 

Five 
(ewes 2-6 years) 374 154 405 169 

(6 years plus) 

six 
(ewes 2-7 years) 366 176 405 

126 
 (7 years plus) 

Seven 
(ewes 2-8 years) 362 191 7 86 

(8 years plus) 
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kECTION 26 THE.RESPONSE TO SLCT ION FOR INCREASED REPRODUCTIVE 

PERFORMANCE - A REVIEW 

Having demonstrated that the opportunity exists forAculling  

in the Trangie population, the aim now is to assess the response 

which might be achieved to selection for inoreased reproductive 

performance. As is customary,, this will be considered both as 

response in the current flock and response in future generations. 

The first is determined by the repeatability of the character, the 

correlation between records obtained at different lambiags on the same 

ewe and, more particularly, the extent to which early records can be 

used to predict subsequent performance. Response in future 

generations is determined by the heritability of the character at 

particular lambings, and by the genetic correlation between performance 

at different lambinga. 

epeatability of F.we Reproductive Performance 

Estimates of the repeatability of reproductive performance 

have been obtained either as the intra-class correlation or as the 

regression of subsequent on initial performance. This latter method 

was proposed by Lush (1956). Ewes are classified as having produced 

00  i t  2 etc. iambi at a particular lambing, and the performance at some 

later lambing is then calculated for each of these classes of ewes. 

In addition to providing information from which the repeatability of 

performance can be estimated, it also allows a check on the linearity 

of the relationship between initial and subsequent performance. 

Linearity is assumed when, for instance, intra-olsas correlation 

estimates are used to predict gains from selection, 
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The repeatability of ewe fertility has been estisated for a 

large number of breeds (Reeve and Robertson, 1953; Turner, 1969a,  b) 

and correlation estimates are summarised in Table 2.6.1 • In general, 

estimates for LBT  and LW., have been low although quite often the 

estimates were statistically significant. Where estimates are 

available for both characters in the same study (Young, Turner and 

Doling, 1963; Purser,  1965; Inskeep, Barr and Cunningham,, 1967; 

Kennedy, 1967; Yaloin and Biohard, 1964). there was no consistent 

trend in their relative magnitude. Regression estimates of the 

repeatability of L and L
Wj have generally been of similar magnitude 

to intra-olass correlation estimates, although where both have been 

obtained from the same body of data, the regression estimates have 

consistently been higher-(Purser, 1965; Hallgrimsson, 1966), 

When the components of 
LWJand 

 L BJ  are examined, the highest 

average set of repeatability estimates have been obtained for L BL  and 

E11L  (Table 2.6.1). However, only rarely have estimates for the 

different components come from the same study. lihere they have 

(Purser, 1965), the repeatability of LIL  was higher than for E,  and 

also higher than for the composite characters L bi and L. 

The relationship between initial and subsequent performance 

has been calculated for a large number of flocks (see Turner, 1969a, b) 

and results obtained for the Australian Merino are suanariaed in 

Table 2.6.2. In almost all such studies, the two have been found 

to be positively related, the only exception being for the tendency 

of ewes to lamb (E,) in a Rambouillet flock examined by Shelton and. 

)Isn*ies (1970). 
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Table 2,.6.1 

Repeatability estimates for e',e 	 p.i'tormanoe 

and its components, as eistimat,pd by 	correlation 

Ass. of 
Characteristic Breed Obsrvatjon Estimate Authors 

Lambs weaned per ewe Australian Merino 2 ..7 0.08 Young,, Turner and Dolling (1963) 
joined. Scottish Blaokfaoe 2 - 5 0101 Purser (1965) 

LWJ 
Welsh Mountain 
Various 

2 - 3 
2 -' 

0.07 
0.13 Insk..p, Barr and Cunningham (1967) 

Australian Mario (Trangie flook) 2 - 5 0.04 Kennedy (1967) 

Lambs born per ewe Various (Columbia & 2 -4 0.05 Desai and Winters (1951) 
joined British breeds) 

Texel not stiited 0.09 Sharafeldin (1960) 
BJ Australian Merino 2 -7 0.05 Young,, Turner and Dolling (1963) 

Scottish Blaokfaoe 2 -'5 0.07 Purser (1965) Welsh Mountain 2 -.5 0.10 
Various 2 - 0.11 Inskeep, Barr and Cunningham (1967) 
Australian Merino (Trangie flock) 2 - 5 0.07 Kennedy (1967) 

Failure to lamb Soottish Blaokfaoe 2 - 0.09 Purser (1965) 
Xij Welsh Mountain 2 -3 0108 

Lambs born per ewe 
lambing 

Shropshire 
Cheviot 

2 -, 
2 • 3 

015 
0.17 Johansson and Hanason (1943) 

L BL 
Landrao. 
Rahaani 

2 
2 - 3 

7 
0.19 
0.06 Karam (1957) 

BL x Cheviot 2 - 8 0.04 to 0 • 12 Talc in and Biohard (1964) 
Scottish Blaokfaoe 2 5 0.19 Purser (1965) Welsh Mountain 2 - 

-L 

3 0.24 

Lambing ewes with Shropshire 2 w5 0.09 
multiple births Cheviot 2 -1 5 0.15 Rendel (1956) 

Landraoe 215 0,06 
RIM Oxford Down 2 	5 

I 	- -I-  

0,08 

Lambs weaned per ewe BL x Cheviot 2 -8 0 to 0.08 Ta]oin and Biohard (1 961+) 
lambing Scottish Blaokfaoe 2 - 5 0.07 Purser (1965) 

LWL Welsh Mountain 2 - 3 0.10 
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Turner (1969a, p. 51+7) has ooncluded that the relationship 

between Initial az4 subsequent performance for either L BJ  or LWj 
 is 

not linear. In other words the difference between ewes producing 

o v. I lambs is not the same as the difference between ewes producing 

2 v I lambs. Such an assessment is true in the sense that the 

differences are rarely exactly equal, but in neither the results 

obtained for Eerino flocks (Table 2.6.2) nor those for all breeds 

(Turner, 1969a, b) is there any consistent trend in the relative 

magnitude of such differences. 

In any particular study, deviations from linearity are 

important for a number of reasons. Firstly, if the relationship 

between initial and subsequent performance is monotonic,, then 

deviations from linearity would not alter the choice of ewes to cull 

if reproductive performance was the only character being oonsidered.. 

However, where multiple trait selection is being practised, deviations 

from linearity could alter the amount of selection pressure allocated 

to Improving reproductive performance • Secondly, deviations from 

linearity can influence the precision with which initial performance 

had to be recorded. For instance, if almost maximal gains could be 

achieved by culling ewes which failed to lamb, then it may be 

considered unnecessary to record the actual number of lambs produced 

by lambing ewes. Such considerations could have an important bearing 

on the feasibility of applying selection programmes on aoaerciel 

properties, and would have to be assessed along with information on 

the scope for culling in the population. 



Table 2.6.2 

The relationship between early and subsequent performance 

in the Australian !7erix 

Initial Performance Subsequent Performance 

harLoter Author 
Age (years) 

- 
Class Je ;otual Difference from 

performance previous class 

Lambs weaned 0 per ewe Young, Turner & 2-4 1 Average performance Not +0.07 
joined Dolling (1963) (single lambing) 3-7 years available +0.17 

LWJ 

Lambs born 0 per ewe Young, Turner & 2-4 Jverage performance Not +0.08 
joined Dolling, (1963) (single lambing) 3-7 years available +0.16 

un (1961 ) 0 One year 0.76 
125 +0.45 

(rrangie flock) (single lambing) later 143 +0.15 

Pattie (pare. comm.) 2 
00.77 .verage performance 1.12 +0.35  

(Trangie flock) 2 3-5years 1.30 
+0.18 

Cited by Turner (1969a,  b). 
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No consistent association has been observed between the 

magnitude of the repeatability estimate for a character at two lambings 

and the number of years separating the observations (Purser, 1965; 

Haligriasson, 1966). In addition, no general pattern has emerged when 

the predictive value of individual lambinge has been compared (Young, 

Turner and Dolling, 1963; Purser, 1965;  asligrimason,  1966; 

Shelton and Menzies, 1970). For instance, Purser found that among 

pairs of consecutive lambings, L at first lambing was the poorest 

predictor of L BL  at the following lambing, while Shelton and ldensies 

found early records to be the best predictors of this character, On 

the other hand, they found that the ability to predict whether a ewe 

would lamb in the following year increased with age. In early years, 

the relationship between 
rLiin 

 successive years was actually negative. 

If the repeatability is the same over all lambings, then the 

repeatability of the mean of ii records (t) is given by: 
n 

t 	 nt 
U 	1+(n-1)t (Lush, 1915) 

Thus for the mean of 2 or 3  lambings, the repeatability of, say, L BL 
would be increased by: 

t(i -t) 	and 2t(f -t) 
lit 	 1+2t 

respectively over that for an individual lebing. While selection on 

pooled records has been discussed (e.g. Turner, 1969a, b) there is 

little direct information on their value • Turner (1966) found that 

ewes dry at their first two lambinga were more likely to be dry, and 

give poorer results for L, at subsequent lembinga. Results presented 
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by both Johansaon and lianason (1943)  and Karam (1957) indicate that 

the predictive value of pooled records is higher but in neither case 

can these estimates be directly compared with those fbr appropriate 

individual records. 

Shelton and Menzies (1970) estimated the repeatability of 

both E Li and LBL  in two genetically similar flocks of Rambouillet 

maintained at different locations, and found that the magnitude of the 

estimates were positively related to the level of expression of the two 

characters. In a study not previously mentioned, Barrett and May (1958) 

concluded from contingency tables that there was no association between 

early and subsequent performance for LM  in a flock which contained 

few twins. Both of these results could be interpreted as suggesting 

that environmental factors, nutritional or possibly related to specific 

management praoti.ea at mating or lambing, can influence the 

correlation between a ewe's performance in different years. 

Little in known of the effect that selection for increased 

reproductive performance might have on the scope for further improve—

ments in current flock production. However, the estimate of 0.31 for 

the repeatability for LM reported by Turner (1 966)* for her high 

It has been assumed that these estimates are not on selected records, 

but on unselected records in populations where previous cohorts 

have been subject to selection. 
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fertility flock is considerably higher than reported for other Merino 

flocks 	Again the results reported by Wallace (1966, Tables 15 and 

16) 	for both Rjj  and Ljj  do not indicate avy dacUne in repeatability 

as a result of selection, 

The gain that can be obtained in current flock performances 

is usually calculated as pd, where p is the proportion culled and d 

the difference in future production between those culled and those 

retained (Turner, 1969&),  Culling of dry ewes is the procedure usually 

considered and predicted gains for various populations are given in 

Table 2.6.3. In general the iaprov.isnt to be expected is net groat, 

although gains of from 7 to 9 per cent suggested for the Trangie 

population (Dun, 1961; Pattie, 1968) would certainly be worthwhile, 

if owerer, it is perhaps rather surprising that, for the Merino populations 

so for mentioned, no consideration has been given to the need to alter 

flock structure in order to practise selection on ewe lambing 

performano., and the effect that this might have  on flock performance 

(Yaloin and Biohard, j961). 

Reaonses In Future Generations 

MM  kgMgkU&U or  ag Rc3Y. DZt!It1!t 

Considerable attention has been given to methods of estimating 

the heritability of various measures of ewe reproductive performance. 

For both Lw  and Lws  half-sib correlation methods have in general been 

preferred, The difficulty in using daughter-dam methods lies in the 

fact that oi*ly dry ewes who at some other lashing, producs a daughter 

can be inoluded, so that estimates obtained could be biased. Young, 

Turner and Dolling (1963) have pointed out that half-sib estimates could 
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Table 2.6.3 

çin 	 p 	 ewes 

fsl.ttq 3,a1p. various Australian Merino floqks 

Difference in 
subsequent 

P100k Subsequent Proportion 
culled 

performance 
(lambs born) 

Gain 
In 

pertoruanos between culled L BJ and selected 
(a)  

Turner (1966) Average for 
Flock I 3-6 year. 0.20 0.025 0.005 

Flock 2 3-6 years 0,20 0.297 0.059 

Trnie flock 

Dun (1961) One year later 0.13 0.540 0.070 

Pattie (1968) Average for 
3.6 years 0.24 0.388 0.093 

In an but this flock, culling was on performance .t first 

lambing, two years of age; Dun considered the effect of culling 

at azW lambing from the first to the sixth. 
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also be biased as all sires are from a selected group of ewes, those 

that produced at least one lamb, a male. 

In their review of literature, Reeve and Robertson (1933) 

concluded that the estimates of heritability of ewe reproductive 

performance were low. Since then, numerous estimates have been 

published for a wide range of breeds, and the conclusion reached by 

Reeve and Robertson would still seem to be true, at least for L  and 

L (see Table 2.6.). Where estimates were given for both of these 

oharsoters, the heritability of L BJ  has consistently been higher 

(Young, Turner and foiling, 1963; Purser,  1965; Kennedy, 1967). 

Comparatively little information is available on the components of 

either overall measure of perforaoe. In the only study in which 

estimates were obtained, Purser (1963) found the heritability of L BL 

to be greater than for E, in which there was effectively no genetic 

variation. Turner (1966) also presented evidence to suggest that the 

heritability of 	was low, but this was obtained from daughter-dam 

analysis. 

Young, Turner and Doling (1963) found that the heritability 

of L BJ  was considerably higher at second than at first lambing, 

although the estimates did not differ significantly. Purser (1965) 

also demonstrated an increase in the heritability of rBL  with age, a 

trend not shown by E, and only slightly by LN.  On the other hand, 

!fallgriasson (1966) found no such trend. 

Where it has been investigated, the heritability of records 

pooled over a number of lambings has been found to be higher than for 

the individual component pairs of lambings (Haligriasson, 19661 
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Table 2.6.4. 

Reritsbf.i1Pestfates f'or 	a LBT jRjjh2jEoompienta 

Age of Eti 
Characteristic Breed observation ast. Authors 

(years) 

Lambs weaned Australian 2 0.03 Young, Turner 
per ewe or 3 0,15 aratDoUizag 
joined 2 + 3 0.09 (1963) 

LwJ Australian 0,0 6 Xennedy Morino 2 (1967) 

Scottish 
iaoIcfaoe 2 0.00 Purser (1963) 

Welsh Mountain 2 - 4. 0.03 

Shelton aM 
Reabouill.t Lifetime 0,22 Venal.. 

(1968) 

Lambs born 
ewe per Columbia 2 - 4. 

(average ci' 
0.07 Desai and 

joined and British no, of winters 

L BOT 
breeds lamings) (1931) 

0,03 
Texel not stated to 

19 60)  0.17 

Australian 2 0.02 

2+3 ' 
Young, Turner

35 
and Dolling 
(1963) 

Australian 2 0.20 Kennedy (1967) Yerino 

Scottish 
Blaokfao. 2 	6 -o,oi Purser (1963) 
Walsh Mountain 2 - 4. 0.07 

Four age 0.12 
to Haligriasson 

gmups 0.19 (1966) 

1 

[Romne7 1 0,05 Ch' an 	and ) 
j 



I Lambs born Cheviot 2 0.04.' Johanason and ___ 
per ewe Oxford Down Sum of °.iI Hanason lambing LShropshire lambings 0,26 

(194.3) LBL Cheviot (2-6 years) 0.18 - 
Scottish 
Blaokfaoe 

2 - 6 0.14. Purser (1965) 
Welsh Mountain 2 - 4. 016 

American Vakil at el Rambouil].et Mixed 0.21 
(19r - and crosses 

Ewes failing Scottish 2 - 6 -0.03 
to lamb per Blaokf ace Purser (1 967) 
ewe joined. Welsh Mountain 2 - 4. 0.03 

Eli 

Ewe8 with 
multiple Osaimi not given Ragab and. 

Asker (1954.) 
births - 

Crossbred 2 
Mature 

0.08 
0.22 Sid.well 

Navajo 2 0.40 (1956) 
Mature  0.12 

Rabmani 2 - 7 008 Karam (1957) 

Hampshire 2 - 5 004 Machung and
C.r (1969) 

Rambouillet Shelton and (average of 2 - 8 0,12. Menzies (1970) two flocks) 

Lambs weaned Scottish per lambing Blaokfaoe 2 - 6 0.05 Purser (1965) ewe Welsh Mountain 2 	4. 0,05 
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Xangaanismi and Tin, 1967) 0  although net always so (Young, Turner 

and Dolling, 1963; Ch'ang and Rae, 1970). If it is assumed that 

the heritability and. repeatability (t) for all lashings are the same, 

and that the genetic correlation between performance at different 

lanbings is one, then the heritability for average performance over a 

number (n) of lasbings is given by: 

h  
-10 

a _ 2 	2 ____ ZPerge, 1934) 

Unfortunately it is not clear to what extent the assumptions required 

for such a prediction to hold are, in fact, true, but at least in the 

studies of Young, Turner and Doling (1963) and Cb' ang and Rae (1972) 

there is either evidence or it can be inferred that at least some of 

them are not, 

Finally, a number of studies should be mentioned in which 

alternative methods of analysis  have been employed, which were 

considered mere appropriate for such binomially distributed characters 

as lij  and EL.  Rendel (1956) used the analyses  suggested by Lush, 

Lasoresux and Hazel (1948) and by Robertson and Lerner (1949) to 

reexamine the data on E first presented by Johaneson and. Hansson 

(193). The estimates of heritability obtained by the methods of 

Lush, Lamozeaux and Hazel, and Robertson and Lamer were similar, 

.13 and .1C and both corresponded closely to the estimate of .10 for 

LEL obtained by Johanseon and Hansson. 

A maximum likelihood approach was adopted by Young, Turner 

and. Doling (1963) in order to check the relative magnitude of 

estimates obtained for L at different lambings by normal analysis of 
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variance methods. While they claimed that quite good agreement was 

obtained, it should be pointed out that to obtain solutions in their 

likelihood iteration procedures, it was necessary to pool data over 

years and this would render the heritability estimates liable to bias. 

Genetic correlation between measures of ewe reproductive performance 

Heritability estimates can be used to predict response to 

selection in the same character at the corresponding lambing. To 

predict response in other characters at the same lambing, or in any 

character at some other lambing, estimates of genetic correlations are 

required. Few such estimates are available, Purser (1965)  gave a 

figure of 0.5 for the genetic correlation between litter size at birth 

(L) and litter size at weaning (Lu) for the same lambing, indicating 

that selection for one would load to correlated changes in the other, 

Observed Response to Selection for Increased Reproductive Performance 

There are two reports of the effect of selecting for 

increased incidence of multiple births. In Now Zealand, Wallace 

(1958 9  196) selected for high and low incidence of twins among 

Romneys, and also maintained a control flock. Selection among ram 

and ewe replacements was on the basis of their dam's performance, and 

a further selection was practised among the ewes after three lambings. 

Turner (1969a) has estimated that the divergence in L BT  between the 

high and low twinning lines at .011 lambs per year. 

Turner (1969a,  b) herself reported an annual response of 

.023 in L BJ  between Merino flocks also selected for either high or 

low incidence of twinning. Selection here was primarily among rams, 
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on the basis of their dam's and grand-dam's performance, although in 

later years, ewes had been selected both before and after they entered 

the breeding flock. While the selection criteria differed slightly 

between the two experiments, the more rapid response in the Merinos 

was probably due to the fact that single born Romneys produced more 

twin offspring than did single born ewes. 	In other words, selection 

of twin born Romney replacements would in itself be likely to lower 

flock performance. Twin born Merino ewes produced more lambs than 

did single born ewes. 

In both of these experiments, there was some evidence that 

selection for an increased incidence of multiple births reduced the 

incidence of dry ewes as well as increasing the proportion of twins 

(Wallace, 1964.; Turner, 1966). 
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SECTION 2.7 THE REPEATABILITY OF EWE REPRODUCTIVE PKRFORI[ANCE 
IN THE TRANG.IE  FLOCK 

Estimates have been obtained for three measures of ewe 

reproductive performance, the tendency for ewes to lamb (Fu), the 

number of lambs born (LILT) and the number of lambs weaned (Lu),  all 

expressed relative to the number of ewes joined and alive at lambing. 

Data were drawn from ewes born in the base population between 1947 and 

1951, and in the selection and Random flocks between 1951 and. 1967. 

Some ewes, approximately 150,  included in this latter category were 

born in the Random flocks but were, in fact, mated outside any of 

the flocks mentioned in this thesis. Matings considered were from 

1951 to 1969. Initially, no restriction was placed on the number of 

records a ewe must have for inclusion so that some ewes, notably those 

born in 1967, could have had only one lambing, A maximum of 10 

records was available on any one ewe. Lambing and weaning records 

generally fell into three classes,, 00  1 or 2, although 0.7 per cent of 

all matings resulted in ewes producing triplets or qualruplets. 

Methods of Analysis 

Repeatability was initially estimated as the intra-olass 

correlation (t) from a hierarchical analysis of variance. Separate 

analyses were conducted for each flock and the effects considered in 

each nested analysis were year of birth of the ewe, variation between 

ewes born in the same year, and variation between records for any ewe 

(Young, Turner and Dolling, 1963). No attempt was made to correct 

in any other way for between year effects as it was felt that a 

repeatability estimate obtained by the method outlined above would be 
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more appropriate to apply  in praotioe. Degrees of freedom and sues 

of squares were then pooled over flocks (Young, Turner and Dolling, 

1960) to obtain a single estimate of t for each character. These 

pooled estimates were virtually identical to those obtained by 

weighting intra'olsss correlations obtained for each flock by the 

inverse of their saling variances. By this method of analysis, 

two sets of estimates were obtained; the first covering lashings from 

the first to the fifth, and the second, lashings from the first to the 
(7R#7 

tenth. These involved the use of respectively J3 and 4W records 
4,173 

on t 	and 	ewes. Ewes with only one record would oontribute 

to the between we sues of squares but net to the within ewe tern. 

Approxinate standard errors were calculated from the fornula 

proposed by swiger Lt. g. (1 964) 

2(11 I)(I 	t)2(1 +(x 
V. 
t 	 (Ns)(s.1) 

Using the sane tore of analysis, repeatability estimates were 

then caloulated for all pairs of lashings between the first and the 

fifth. In these analyses, a ewe had records for both leabings being 

correlated and, with equal numbers of records per eve (two), the above 

for'l. for the sampling variance of t closely approximates that 

suggested by Fisher (1 9Ji6). Again degrees of freedom and sues of 

squares were pooled over flocks, 

Repeatability of L was also estimated by the regression 

method suggested by Lush (1956) and presented in detail by Turner and 

Young (1969).  In this, the regression of subsequent or initial 



performance is the estimate of repeatability. Here, ewes have been 

classified on their performance at some specified initial lambing and 

least squares estimates have then been obtained for performance at the 

subsequent lambing. The following model was used in these least 

squares analyses: 

= 	 ijkl  

where X ijkl = an individual observation on subsequent performance 

U 	- overall mean 

= an effect due to the ith  year of birth of the ewe 

= 	an effect due to the j th  flock 

an effect due to the kth  initial lambing performance 

(0, 1 or 2) 

BK k 	the first order interaction between flock and initial 

lambing performance, and 

a random error term. 

Data were drawn from the first to the seventh lambings and estimates 

of subsequent performance were obtained for LB.T  and LW.T  both at 

individual lambings and also for records pooled over a number of 

lambings. 

In addition to this major set of ilL71s1yses, least squares 

methods were also used to pose further questions regarding the relation-

ship between initial and subsequent performance. In each of these 

investigations a representative set of lambings between the first and 

the fifth was used. The major difference in the model employed was 
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that the interaction term was deleted as in none of the previous 

analyses did the interaction between flook and initial performance 

account for a significant proportion of the variation. 

Firstly, the value of a more detailed description of initial 

performance was examined. In this, ewes were allocated into one of 

the following categories: 

Ewe dry 

Ewe 'lambed and lost' 

Gave birth to I lamb, 0 lambs weaned 

" 	" I lamb, I lamb weaned 

" 

	

	2 lambs, 0 lambs weaned 

2 lambs, I lamb weaned 

2 lambs, 2 lambs weaned 

Secondly, the predictive value of records pooled4W a number 

of lambings was investigated. 

Finally, an attempt was made to examine the repeatability of 

ewe reproductive performance after the cohort had already been subject 

to selection for L 
Bi 

 . For instance, the regression of third on 

second lambing performance was estimated after ewes without lambs at 

first lambing had been culled. The major aim of these analyses  was 

to assess to what extent estimates obtained from an unselected 

population, such as that examined in the major set of analyses, were 

appropriate for a population undergoing selection for increased 

reproductive performance. 



Table 2.7.1 

Eatlsat.s of repeatability of reproductive p.rforeanc* toAsther with their stand.az'd errors 

Lambins I to 10 Leabiss I to 5 

Flock 

March Random .138 
(.021) 

.127 
(.021) 

.141 
(.021) 

.12 
(.022) 

.122 
(.022) 

.139 
(.022) 

1O5fl 	t. Plus .113 
(020) 

.122 
(.020) 

.114 
(.020) 

.102 
(.026) 

.114 
(.026) 

.110 
(.026) 

____ Wean Wt 	MSJIU$ .119 
(.020) 

.154 
(.019) 

.172 
(.022) 

.131 
(.022) 

.161 
(.022) 

.169 
(.022) 

Fold .129 
(.026) 

.113 
(.026) 

.117 
(.026) 

.12 
(.028) 

.113 
(.028) 

.118 
(.028) 

Fold Minus .133 
(024) 

.123 
(.024) 

.133 
(.024) 

.132 
(.026) 

.120 
(.026) 

.133 
(.026) 

April R13fld0 .144 
(.024) 

.148 
(.02i) 

.163 
(.O2) 

.137 
(.027) 

.14* 
(.027) 

.i6 
(.027) 

Fleece Plus .166 
(025) 

.149 
(.025) 

.163 
(.025) 

.166 
(.028) 

.147 
(.028) 

.166 
(.028) 

Fleece Minus .151 
(.025) 

.126 
(.025) 

.118 
(.025) 

.148 
(.028) 

.127 
(.028) 

.142 
(.028) 

Crisp Plus .169 
(.020) 

.120 
(.020) 

.158 
(.020) 

.188 
(.028) 

.118 
(.027) 

.157 
(.027) 

Crimp 	inus .144 
(.025) 

.155 
(.025) 

.115 
(.025) 

.140 
(.033) 

.142 
(.033) 

.103 
(.033) 

Pooled .135 .129 .135 .133 .126 .13!. 
Analysis (.007) (.006) (.007) (.008) (.008) - (.008) 



Table 2.7.2 

i- 	is i 	 1iRPTJr r!U1 

Previous lambing 

1. Lambs born per on joined (L3 ) 
Subsequent isabiag 

2 

.062 .107 

4 .067 .096 .169 
(.020) (.020)  

.059 .022 .082 .161 
(.022) (.022) (.019) 

- 

2. 	Lambs weaned per awe joined (Lu) 

2 .127 

.0844 .104 

.003 .101 .188 
(.020) (.020) (.019) 

5 .093 .061 .082 .165 

- 
(.022) (.022) 
_ 

(.020) 	(.019) 



As has already been pointed out, the distribution of the 

data into a small number of discrete classes presents difficulties 

both in the calculation of standard errors and in the application of 

significance teats designed for normally distributed variates. 

While the calculated sampling variances can only be considered 

approximate, standard errors have been included for want of more 

appropriate estimates. 

Results 

Estimates of the repeatability of E, LM and  Lw,  both 

separately for each flock and pooled over flooka, are given in 

Table 2.7.1. The pooled estimates obtained in the two sets of data 

(lambings 1-5 and lambings f-jo) are essentially the same for all 

three characters. When the estimates for the individual flocks were 

examined, again there was remarkable consistency, as within either 

not of analyses (lambings 1-5 or i-jo) the individual flook estimates 

for all three characters did not differ significantly, nor did the 

estimates for any one character differ between sets of data. 

In Table 2.7.2 are listed the pooled estimates for L 
BJ  and 

when estimated for individual pairs of lambings. Both sets of 

estimates were adjudged to be significantly heterogeneous (P <.05) 

when a Chi-square value was estimated as: 

(wt)2  
Chi-square = 	zwjti2 

Z 
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where the t are estimates for individual pairs of lambings, and 

a the inverse of the sampling variance for the 

individual estimates 

The Chi-square values for L BJ  and LWT  were respectively, 37.16 and 

37.38, for a test with 8 (n-2) degrees of freedom. 

When the estimates in Table 2.7.2 were pooled according to 

the number of years between lambings, the intra-olais correlation was 

higher for adjacent than for non-adjacent records (Table 2.7.3). 

Table 2.7.3 

Itra-olase correlation estimates of the repeatability of 

both LBEJ and LW1J for pairs of lambings 

gouped aocording to the number of years 
between records being correlated 

LBEJ LWEJ 

One lambing apart 
(1,2; 	2,3 

.137 .14.6 

34; 
(.009) (.009) 

Two lambings apart .080 .088 
00; 	294.; 	30) (.011) (.oii) 

Three lambings apart .059 .088 
(164; 	295) (.015) (.015) 

Four lambing apart .059 .093 
(1,5) (.022) (.022) 



U3 

However, among the estimates between adjacent pairs of lambings there 

was also significant heterogeneity for L  (Chi-square a 14.8, 2 d.f., 

P <.05),  and for both L BJ  and 	the correlations were lowest for 

records obtained at the earlier lambings. 

The number of ewes involved in the study of the relationship 

between initial and subsequent performance are given in Table 2.7.4. 

For records up to the fifth lambing, initial and subsequent performance 

were directly and positively related (Table 2.7.5). This was not 

always so when the sixth or seventh lambinga were included in the 

analyses, but, in these calculations,, the numbers of ewes involved 

were much reduced (see Table 2.7.4) and the standard errors of the least 

squares means were correspondingly higher. For lambings I to 5, the 

difference in L BJ  at the subsequent lambing for ewes initially 

producing 0 v. I or I v 2 were similar in magnitude and the weighted * 

averages of these differences were respectively .179 and .191. 

Corresponding figures for lambings I to 7 were .167 and .187. 

Repeatability estimates, calculated from the least squares 

means in Table 2.7.5 are given in Table 2.7.6. The average estimates 

* Weights used were n0n1  for the differences between ewes producing 
no+nl  

Ov. I lambs, and nn2  for ewes producing I v 2 lambs where no ,. n1 , 

n1 +112 

and n2  are respectively the numbers of ewes producing 0, 1 and 2 lambs. 
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for lambings I to 5  and. I to 7 were respectively .185 and .155. The 

heterogeneity observed among the lntra-olasa correlation estimates was 

Win apparent (Chi-squares, 19 d.f,, 822.9 (LW), 818.6 (Lu), both 

P < .05). Repeatability declined as the time between lambings 

increased (Table 2.7.7), and for both L BJ  and LW., the regression of 

repeatability on time between lambings was significant. In addition, 

repeatability estimates between L 
Bi 

 records one or two lambings apart, 

and for LWJ records in adjacent lambings, were significantly 

heterogeneous according to the Chi-square test outlined above. In 

all three instances, the lowest repeatability estimates were for early 

lambings, as was also found with the intra-olass correlation estimates 

between adjacent lambings. 

The value of employing a more detailed description of initial 

lambing performance was investigated by estimating least squares means 

at the succeeding lambings. For the four such analyses conducted, 

between the first and the fifth lambing, applying a more detailed 

description of initial performance increased the proportion of the 

total variation in LB.T  and LWJ accounted for by the model; for 

the average change was from 9.5 (3 lambing classes) to 10.0 (7 classes) 

per cent of the total variation in LN, with corresponding values of 

8.1 and 8.7 per cent of the variation in L
WJ 
 , Unfortunately, the 

numbers of ewes in some of the categories in the refined classification 

were small (Table 2.7.8), and this reduced the value of many of the 

comparisons which could have been made among the least squares means. 

Averaged over the four analyses, ewes classed as 'lambed and lost' 

gave birth to and weaned 16 per cent more lambs at the following 

lambing than did dry ewes. 
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When LB.Trecords were pooled over the first two or three 

lambings, initial and subsequent performance were, in general, directly 

related (Table 2.7.9). The only exception was when three records 

were pooled, where ewes which had produced six lambs subsequently 

gave birth to fewer lambs than those ewes which had previously produced 

five lambs. However, the number of ewes producing 6 lambs was small. 

Repeatability estimates calculated from these least squares means are 

given in Table 2.7.10. Pooling L Bi records over a number of 

lambings, improved the ability to predict subsequent performance, 

relative to the average estimates involving the individual component 

lambings. At the same time, the use of the pooled regression 

ooeffioienta would still underestimate the effect of culling ewes 

without lambs at either two or three leabinga, as the difference in 

subsequent performance between ewes producing 0 v. I lambs was greater 

than expected it the relationship between early and subsequent 

performance was linear. For instance, referring again to the least 

squares means in Table 2.7.99  the difference in L BJ 
 at the third 

lambing between ewes producing 0 v. I lamb at the first and second 

lambings was .253 when, if the relationship between initial and 

subsequent performance was linear, the expected difference (one quarter 

of difference between ewes producing 0 v 4.)  is .14.1. Similarly, the 

difference between ewes producing 0 v. I lambs at the first three 

lambings was .287 in LBj  at the fifth lambing, when the expected 

difference would be .127. 

In three of the four situations examined, selection reduced 

the repeatability of LB.T  between later lambinga (Table 2.7.10. At 

the same time, the general effect was also to reduce the difference 
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in subsequent performanee between ewes prudu.lag I v 0 lambs relative 

to the diff.r.nae between ewes prod.uaiug 2 V. I lambs, The axoeption 

in both oases was the predietlon of third from second lambing 

Perfts"LOGOO 

The intre"o].ass oorrelation estimates of the repeatability 

of Ljj  and ¼T  in this study are higher than corresponding estimates 

obtained tW Kennedy (1967) for another sample of the Trangie t].00k, 

W9 bF Young, Turner and Dolling (1965) for the Cwi11a flock of 

Nerino., However, the regression estimates obtained by Kennedy (1967) 

are similar to those reported here. In the present investigation, 

no diffarenoes were found between the estimates for L. and for LWjq  

nor between these estimates and the repeatability of I (Table 2.7.1)o 

e in other studies (Purser, 1965; HsUgriasson, 1966) the intra.class 

.orr.lation estimates were lower than those obtained by regression. 

The regression estimates provide a more direot measure of the relation.' 

sldp between initial and subsequut performance, and of the likely 

consequenoes of culling. However, ithite the intra"alsss correlation 

estimates would underestimate the Improvement du, to culling, they 

are not Likely to be biased by non-linearity In the relationship 

between Initial and subsequent performance, 

When repeatability estimates were obtained for individual 

pairs of lasbiegs, they were found to be heterogeneous, The major 

faotor associated with this variation was the number of years between 

the lsabinge being oorr'.2,sted. To a lesser extent, performanc. at 
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early lembiz2gs was a poorer indicator of LW  and LW.1  in the following 

year than was p.rfor.ns. at later lesbings, a result also observed 

for L 1W Purser (1965) • Strictly spe.kiag, the estimates on which 

these conclusions are based are not entirely adequate for the 

purpose, as the observations were not based on ezaotly the sane ewe., 

Clearly, a larger number of ewes contributed to estimates between early 

]aebings (Table 207.). Sane additional .stiwet*n were wade of the 

repeatability of performance at earl.y lawbings when, in fact, the .." 

sin was to establish the relationship involving a later lambing; 

(for exaaiplo, lambing 2 was related to lambing 3 when the major 

association being investigated was between lanbings 2 and 5). The 

eatinst.s thus obtained were fotaed to be generally lower than presented 

In Table 2.7.6, but in both sets, the relative eagnitude of the 

estimates between the sane pairs of lambinga was very similar, which 

indicates that the f4- 4nes listed above are not simply attributable 

to sampling. 

In estimating the effect of culling on subsequent performance, 

a simplified version of the regression .stiaatea of repeatability 

(Table 2.7.6) has been used, aM this is set out in Table 2.7.12. In 

addition, it has been assumed that the relationship between initial 

and subsequent performance is perfectly linear, while culling 20 per 

cent of ewes is less than the malaw possible for a flock of seven 

age groups of ewes, it does allow for the culling of all ewes without 

lambings at ay of the first six lambingi (sea Table 2. . 3, page 96), 

and to pIOV1.4.I a useful basis of comparison. In addition, it is 

probably a reasonable level of culling for fertility in commercial 

flocks, where the breeder would be attempting to improve a number of 
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economically economically important characters. Under these sets of conditions, 

culling 20 per cent of was at any lambing would increase the overall 

reproductive performance (La) of a flock of seven age groups of 

ewes (Table 2.7.13). However, the maximum gain was only 1.4 per cent, 

when culling was on the basis of performance at either second or third 

lambing, This improvement would be expected even after account had 

been taken of the generally adverse effect that altering age structure 

would have on productivity, 

Because of the comparatively small gains to be achieved by 

this degree of culling, relatively littie would be lost in the way of 

accuracy by assuming an overall estimate of repeatability of 18 per 

cent, ifere the maximum improvement in flock productivity was 2.0 per 

cent more lambs at birth, by culling after first lambiug. Gains 

expected following selection on second or third lambing performance 

were respectively 1.8 and 1.3 per cent. 

Repeatability estimates for records pooled over a number of 

lanbings were higher than corresponding estimates involving the 

component lambing*,, and in quite good agreement with the values 

predicted (Table 2.700). Assuming the relationship between initial 

and subsequent performance to be perfectly linear, then culling the 

10 per cent of ewes without lambs after the first two lambinga would 

Increase average production over the first five lambings by 1.7 per 

cent. Culling 10 per cent of ewes without lambs at either first or 

second lambing would produce corresponding average increases of 0.8 

and 1.0 par cent respectively, It has been pointed out that by 

assuming a linear' relationship between initial aid subsequent 

performance, improvement due to culling would be underestimated, 



However, in practice, this is likely to be of little consequence as 

the proportion of ewes which did not produce a lamb at her first two 

years in the breeding flock was only 10 per cent,, and this would, of 

course, decline as further records were pooled. 

The analyses summarised in Table 2.7.8 indicated that ewes 

classed as having 'lambed and lost' their lamb before mothering were 

superior to dry ewes in subsequent performance. In practice, making 

such a distinction is likely to have little effect on expected response. 

For instance, replacing the least squares moans for ewes with 100  lambs 

(Table 2.7.5) with those for dry ewes (Table 2.7.8) increased the 

repeatability estimate between adjacent pairs of lambings by at most 

eight per cent (,22 v .22, regression of fourth lambing on third). 

Further, culling all dry ewes (taken as 18 per cent) as opposed to the 

same number of all ewes without lambs, of which there were 22 per 

cent at third lambing, increased the expected improvement at the 

following lambing from 5.3 to 6.1 per cent. 

So far in this discussion, culling has been aeon as a 

onoe-and.for.-all operation, with ewes being culled on an individual or 

pooled record. If ewes were culled at various stages throughout their 

lifetime in the breeding flock, a number of factors are affected. 

Selection on performance at early lambinga will reduce the proportion 

of ewes without lambs at later lambinga, and so in that sense reduce 

the scope for culling dry ewes at the later lambinga. More 

importantly, as shown in Table 2.7.11, prior selection reduces the 

expected gains from culling dry ewes at later lambinga. Robertson (1966) 

predicted that the culling of first lactation dairy heifers, based 

largely on milk yield, would reduce the genetio regression of m.11k yields 
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at later pairs of laotationa. Here, whore repeatability has been 

estimated as a phenotypic regression, selection on early lambing 

performance might also be expected to reduce repeatability estimates 

for subsequent pairs of lambinga to the extent that repeatability 

included a component attributable to genetic regression. 

Finally, it should be pointed out that culling ewes with 10' 

lambs at mothering will increase the average survival of the remaining 

ewes in that cohort (see Table 2.3.6, page 83 ) and so the gains due 

to culling would be expected to be higher than those cited in this 

Section. However, improving ewe survival in this way would have a 

negligible effect on the value of culling to increase current flock 

production, small though these gains seem likely to be. 



151 

Table 2.7.4 

Relationship betweenLBj at initial lambing and both 

end 
wj at aubseguent laabing. 

Numbers of animals in each oategpEZ at the initial lambing 

Initial 
lambing 

Lambing 
class 

 Subsequent lambing 

2 
3 I 5 

6 

1 0 1019 911 782 588 265 123 
1 1898 1723 1553 1238 509 267 
2 267 239  220 169 58 17 

Total 3184. 2873 2525 1995 832 24.07 

2 0 796 681 494 208 101 
1 1658 1520 1203 560 314. 
2 515 480 368 135 43 

Total 2969 2681 2065 903 4.58 

3 0 64.1 4.93 217 116 
1 1442 1162 567 316 
2 719 563 193 77 

Total 2802 2218 977 509 

4. 0 64.2 287 154 
1 1022 519 291 
2 568 171 64. 

Total 2232 977 509 

5 0 235 131 
1 500 271 
2 227 93 

Total 962 4.95 

6 0 149 
1 263 
2 85 

Total 4.98 



Table 2.7.5 

Relationship between 	at initial lambing and L Bi 
 at subsequent lambing 

Estimates of least squares means and standard errors 

Initial 
lambing 

Lambing 
class 

  Subsequent lambing  

2 3 4. 5 6 7 

1 0 .776 	(.022) .785 	(.024) .831. 	(.026 .841 	.030) 1.015 	(.046) .750 	.069) 
1 .940 	(.021) .94.6 	(.022) 1,024 	(.023 1.001 	.027) 1.385 	(.042) .825 	.064.) 
2 1.136 	(.034.) 1.132 	(.038) 1.205 	(.036 1.11.6 	.04.1) 1.178 	(.067) .959 	.111) 

2 0 .809 	.021) .828 	.023 .860 	(.028 17 	(.04.1 7 	.058 
1 1.037 	.oio) .985 	.020 .957 	(.025 1:0058 	(.035 .842 	.04.9 
2 1.172 	.028) 1.206 	.026 1.165 	(.038 1,022 	(.048 .982 	.074. 

3 0 .74.6 	(.024 .785 	.028 .939 	(.040) .666 	(.050 
1 .970 	(.022 .961 	.025 .994. 	(.037) .760 	(.041 
2 1.196 	(.027 1.173 	.036 1,096 	(.057) .958 	(.056 

4. 0 .74.3 	(.027) .858 	.042) .613 	(.04.9) 
1.979 (.025) 1.022 	.037) .786 	(.044 
2 (.038) 1.201 1.181 	.055) .977 	(.060 

5 0 .738 	(.041) .624. 	(.168 
1 1.016 	(.036) .763 	(.161. 
2 1.212 	(.056) .931 	(.170) 

6 0 .591. 	(.169) 
1.853 (.167 
2 .909 	(.172 

'4' 
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Table Table 2.7.6 

Repeatability of the LW  as estimated by regression 
and the value of L as a predictor of 

at subsequent laabings 

Standard errors in brackets 

Previous Lambing 
Subsequent 2 3 I [ 	

6 lambing  
1. 	Lambs born per ewe joined (Lu) 

2 .167 
(.015) 

.148 .189 
(.006) (.045) 

.188 .185 .225 
(.004) (.027) (.001) 

5 .156 .146 .194. .229 
(.007) (.055) (.017) (.007) 

6 .102 .009 .077 .162 .237 
(.032) (.038) (.024.) (.003) (.057) 

.085.118 .138 .180 .151 .175 
(.021) (.056) (.052) (.009) (.014.) (.100) 

2. 	Lambs weaned per ewe joined (Lu) 

2 .177 
(.013) 

.157 .173 
(.019) (.020) 

4 .i6. .164 .217 
(.007) (.007) (.020) 

.139 .137 .152 .220 
(.008) (.032) (.015) (.036) 

6 .098 0075 .068 .153 .221 
(.015) (.013) (.04.7) (.004.) (.001) 

.042 .082 .110 .148 .128 .158 
(.040) (.056) (.04.0) (.031) (.020) (.080) 
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Table 2.7.7 

Regression estimates of repeatability, pooled a000rding 
to the number of lambinga between records 

Weighted1 	Unweighted 
average 	 average  

Lambs born per ewe Joined 

Records one lambing apart .225 .204. 
two .160 .166 
three 	" .184. .148 

" 	four 	" 	I'  .151 .101 
' 	five 	If 	 U  .106 
" 

.110 
six 	" .085 .085 

Regression coefficient 
(OhLflge in average 	 _.o26* 
repeatability per 	 (o$)4.)1 	 (005)4' additional lambing 
separating records) 

amba weaned per owe joined 

Records one lambing apart 	 .221 	 .194. 
If 	two 	If 	 If .155 	 .151 

three 	 .160 	 .129 
If 	four 	If 	 .121 	 .108 
" five 11 	 .097 	 .090 
" 	six 	 .04.2 	 .042 

032 	 _.028* 
Regression coefficient 	 -. 	

()j)L  

Standard error of regression coefficient 

* Regression coefficient differs significantly from zero 

Weights used were the inverse of the sampling variances 



Table 2.7.8 

Effect of refining the classification for performance at the initial lambing 
Least squares means and their standard errors for ewes in different eategories 

Subsequent Lambing 
Initial 
lambing Class 

Number 
of 

__________ 
Lambs born 

______________  
Lambs weaned 

ewes L BJ -WJ 

Ewe dry 908 .761 (.038) .640 (.038) 
Ewe lambed and lost 111 .876 (.064.) .749 (.063) 
I iamb born, 0 reared 197 .94.1 	(.052) .765 (.051) 

First I lamb born, I reared 1701 Second 
lambing .939 (.036) .831 (.035) 

2 iambi born, 0 reared 12 1.096 (.166) .620 (.163) 
2 lambs born, I reared 64. 1.115 (.078) .901 (.077) 
2 lambs born, 2 reared 191 1.203 (.052) 1.095 (.052) 

Ewe dry 728 .779 (.035) .666 (.034.) 
Ewe lambed and lost 97 .963 (.066) .870 (.065) 
I lamb born, 0 reared 181 .934 (.051) .755 (.050) 

Second I lamb born, I reared 1534. Third 1.049 (.031) .905 (.030) 
2 lambs born, 0 reared 25 1.311 	(.121) .879 (.119) 
2 lambs born, I reared 114. 1.232 (.061) i.086 (.060) 
2 lambs born, 2 reared 05 1.142 (.039) 1.034. (.039) 

'4' 



Table 2.7.8 (contd.) 

Ewe dry 540 0.708 (.037) 0.594 (.036) 
Ewe lambed and lost 101 0.91 (.068) 0.748 (.067) 
I lamb born, 0 reared 153 0.851 (.056) 0.712 (.055) 

Third I lamb born, I reared 1289 Fourth 0.982 (.031) 0.873 (.031) 
2 lambs born, 0 reared 28 0.696 (.119) 0.491 (.116) 
2 lambs born, I reared 153 1.131+ (.056) 0.983 (.055) 
2 lambs born, 2 reared 539 1.236 (.038) 1.103 (.037) 

Ewe thy 548 0.752 (.041) 0.605 (.040) 
Ewe lambed and lost 94. 0.693 (.073) 0.557 (.071) 
I lamb born, 0 reared 93 0.855 (.072) 0.745 (.070) 

Fourth I lamb born, I reared 929 Fifth 0.991 (.037) 0.864. (.036) 
2 lambs born, 0 reared 21 1.241 	(.140) 0.829 (.137) 
2 lambs born, I reared 102 1.182 (.069) 0.973 (.068) 

2 lambs born, 2 reared 448 1.209 (.043) 1.057 (.042) 



Table 2.7.9 

MIp relationship between records poole1 over a number of lamb Ings and subsequent prtormanee 

Overall mean plus least squares deviation and stan a.rd error of deviatiop 

Subsequent performance Subsequent performance 

Initial 
].ambin(s 

Combined 
initial Number of L Number of LN (35) L 

performance ewes ewes 
(proportion) u + lad 	s.c. u + lad 	s.c. (proportion), u + lad a.•. u + lad s.c. 

0 325 (11.3) o.6(1 0.036 0.549 .035 182 ( 9.1) 2.376 .096 1.955 .0924 
First + 

1 848 ~29:5) 0.917 .026 0.799 .026 584 (29.2) 2.744 .067 2.402 .066 

Second 2 11 95 416) 1.073 .024 0.926 .024 872 (43,7) 3.154 .061 2.748 .060 
3 400 1.201 .033 1.045 .032 284 (14.2) 3.536 .082 3.052 .081 
4 104. 

~iM) 
 3.7) 1.230 .057 1.090 .056 73 ( 3.8) 3.751 .141 3.293 .139 

LBJ (5) LwJ () &T (4-5) 1'WJ (45) 

O 60 ( 3.0) 0.443 .084 0.299 .083 60 ( 3.0) 0.840 .125 0.587 .124 
1 257 (13.0) 0.730 .047 0.642 .346 257 (13.o 1.452 .070 1.282 .069 

First + 2 488 (24.7) 0.892 .039 0.744 .038 488 (24.7) 1.793 .058 1.551 .058 
Second 3 657 (33.2) 0.991 .036 0.858 .035 657 (33.2) 1.990 .053 1.759 .053 
+ Third 4 341 (17.3) 1.110 .042 0.937 .042 341 (17.3) 2.283 .063 1.998 .063 

5 136 C 6,9) 1.208 .059 1,066 .059 136 ( 6.9) 2.462 .089 2.104 .088 
6 37 ( 1.9) 1.155 .104 0.918 .104 37 (1.9) 2.297 .156 2.081 .156 



Table 2.7.10 

The repeatability of L,  estimated for pooled records by regress ion methods 

Repeatability 	Expected repeatability Predictive value 	Subsequent 	 from component 
of lambings 	 performance 	 repeatability 

estimate4 

Average of 
Third .318 

.271 First + Second (.o) 
Average of Fifth .250 .262 First + Second (.022) 

Average of Sum of Third 
.760 

First + Second to Fifth (.026) .603  lambings 

Average of First, Fifth .369 
.373 Second + Third (.066) 

Average of First Sum of Fourth .780 .608 + Second + Third and Fifth (.153) 

Estimated from the repeatability estimates in Table 2.7.7 and the relationship that 

t 	= 	at 	, where t here is the average estimate of the subsequent 
() 	I + (n 	1)t 

on each of the previous lambings. 

S 



Table 2.7.11 

Effect of culling on the relationship between subsequent production records 

Repeatability estimates and their standard errors  

Subsequent production 
Initial 
lambing L 

Culling system 
L 	 L 

Nil .154 (.027) .431 (.120) .136 (.043) .396 (.071) 
All ewes with 0 lambs .146 (.002) .376 (.183) .118 (.046) .303 (.060) Second at first lambing 
All dry ewes at 
first lambing 147 (030) .369 (.139) .117 (.073) .302 (.121) 

LBJ (5) L Lj Lwj (_) 

.194 (.017) .405 (.015) .152 (.015) .351 (.002) Nil 

AU ewes with 0 lambs .161 (.026) .357 (.062) .120 (.032) .298 (.033) at first lambing 

Third All ewes with 0 lambs .182 (.030) .337 (.018) .140 (.035) .283 (.014) at second lambing 
AU ewes with 0 lambs 

at both first and .116 (.051) .305 (.064.) .127 (.052) .265 (.053) 
second lambing 
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Table 2.7.12 

Values- for the repeatability oLLB,,-!2..be used in 

calpuipting gains which can be aohieved by oufling 

on perforaanoe at individual lambing 

lambing 
Subsequent  

Initial Lambing 

1 2 3 5 6 

2 .17 

3 .15 .19 

If .15 .17 .22 

5 .11 .15 .17 .22 

6 .11 .11 .15 .17 .22 

7 .08 .11 .11 .15 .17 .22 
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Table 2.7.13 

The expected improvement in reproduot iv. performance 

for a flock of seven age groups of ewes, 

by culling 20 per cent of ewes 

on pertoranoe at individual lambin&s 

Lambing at which culling is to operate 

First I Second I Third I Fourth  I Fifth  I Sixth 

Expected change 
due to 
altering flock 
structure (%) 

Improvement due 
to culling, 
flock structure 
alterations 
accounted for (%) 

-0,8 -0.9 -0.7 -0.4 +0,0 +0.2 

+1 .2 +1 .4. +1.4. +100 +1 .1 +0.9 
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611MMON 2.8 	MBIIT LF iV1 B 	DUCTIVEP?OR2UJlCE 41 

G$flC C0RRLATIQN 	DiFP1Vr NEM OF 
PQDUCTW1c MOMME IN THE TRANG-IE FLOCK 

Methods of Analysis ad Results 

The heritability of ewe reproductive performance has been 

estimated 1W two general methods, halt-sib correlation and the 

regression of daughter's performance on dam' a, and this Section has 

been sub-divided accordingly. Ertimatas of genetic correlations are 

included at the end of this Section, 

Halt-sib Analyses 

Major analysis 

Information was obtained on a total of 3224 ewes, born in 

the selection and control flocks between 1951 and 1967. Data on the 

base population ewes could not be included as information on parentage 

was net available. 

HOIrItSbIlily estimates were obtained on performance at saab 

of the first five lanbings, The following measures of performance were 

examined, E,  L, L, 	, L and 	The proportion of triplet 

and quadruplet births was small (0.7 per cent) and the estimates for 

LBL  and I were essentially the same so that often the estimates 

for I., have not been included in the tables. 

Heritability was estimated from the intra-olass correlation, 

which was obtained from a hierarchical analysis of variance. The 

levels considered in the analyses were flocks, years within flocks, 

sir.. within years within flocks and variation between daughters of 
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iJiAjyjj5l sires. Standard errors were calculated as four times the 

standard error of the intra-olass correlation, the formula for whiob 

is given by Swigar !. al. (196). The distribution of family .ii.* 
for characters measured in relation to ems. Joined and alive at 

lambing (E,. L&T  and L) is liven in Table 2.8.1 • The corresponding 

distribution for eharaoters measured in relation to ewes lambing 

(i, IL and L) is similar although the average family sizes are 

lower. 

Som pairs of full-sib families were inaluded in the 

half-sib nnelyses 	In the data examined by offspring-parent methods, 

and which are essentially the seas as those exeaiasd her., approximately 

five per cent of daughters were full-sib., From these estimates, an 

approximate measure of the degree of genetic relationship (r) among the 

'half-sib' ewes was obtained using the following simplification of a 

formula given by Rendel (1956): 

r a .25 ( I + 	
2 	) a + .25 (N - a) 

where 	K a average number of daughters per sire (from Table 2.8,1) 

N a total number of sires and 

a a number of sires contributing a pair .f full-sib daughters. 

Assuming that sires contributed a maximum of ome pair of full-albs, 
.2. 

r was estimated as .659  and it was not felt necessary to make any  

oorreotbns to the heritability estimates obtained assuming that r was 

equal to 0.25. 

Estimates of heritability of ewe reproductive perf'ora&moe, 

ealoulated separately for each of the first five lambing., are given 
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Table 2,8.1 

_data used to 
of the fo11owin measures 

of z'epr'oduotive pez'forRenpe 

EU, L,  Lwj 

Family .j. Lambing 
1 	2, 	3 	4. 	5 

1 177 166 156 158 156 
2 166 157 156 14.1 137 
3 136 136 126 117 127 
4. 110 101 104. 86 65 
5 85 73 61 47 4.0 
6 52 52 39 42 27 
7 39 39 38 27 16 
8 33 31 22 19 13 
9 12 9 9 7 5 

10 10 10 12 10 3 
11 10 8 5 4. 1 
12 2 1 1 1 1 
13 4 5 2 1 2 
14. 1 0 0 1 0 
15 0 0 1 0 0 
16 0 0 0 0 0 
17 0 1 0 0 0 
18 0 0 0 0 0 
19 0 0 0 0 0 
20 1 1 1 0 0 

Total number of 
half -sib 837 790 733 661 593 
families 

Average family eisa 3,65 3.64. 3.51 3.34 2.99 
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in Table 2.8.2. In general, the standard errors were large relative 

to the heritability estimates, and only two estimates, ELy  and 	at 

the third lambing.. differed significantly from zero • The estimates 

for L Bi and LWJ   were similar at all lamb ings other than the third, 

where the heritability of LBT  was higher. There was no consistent 

difference in the order of the estimates for R. and L. Estimates 

for L and LWL  were similar at all lamb ings other than the third, 

where the heritability of LBLwas  higher. 

The heritability of E LM and LWJ  increased from the 

first to the third lambing and then declined to effectively zero. 

On the other bath, the heritability of LML  was highest at first 

lambing (.22). 

The individual components of variance in these analyses are 

given in Table 2.8.3. The between sire component followed the 

patterns outlined above for the heritability estimates for the various 

characters. For LBj, and Lwji the phenotypic variance increased from 

the first to the fifth lambing. Over all of the analyses, the between 

year variation accounted for a higher average proportion of the total 

variation than did between flook effects, 5.9 per cent as opposed to 

1.1 per cent. 

Restricted Analyses 

For each of these analyses, an F value was calculated as the 

ratio of the between to within sire mean squares. The ratio in each 

case was close to unity, some values were negative, and the max{i 

value was 1.20. Robertson (1962) has pointed out that where the F 



Table 2.8.2 

Estimates of the heritability of owe reproductive performance 

at each of the first five lambimgs 

Standard errors of estimates in brackets 

1. AU data 

Character 
Lambing 

1 	 2 	 3 	 4. 	 5 

Eves, lambing of -.011 All .234 -.008 .021 
those joined. (Eu) (.074) (081) (.089) (.092) (.116) 

Lambs born per .008 .068 .170 -.011 .006 
ewe joined (LB;) (.076) (.080) (.088) (.093) (.ii6) 

Lambs born per .222 -.026 .056 .061 -.076 
lambing owe (L) (.116) (.111) (.115) (.139) (.157) 

Lambs weaned. per -.014 .063 .094. .017 -.006 
ewe joined (La) (.074) (.080) (.086) (.094) (.116) 

Lambs weaned. per .046 .032 -.014 .050 -.015 
ewe lambing (LL) (.114.) (.112) (.114.) (.139) (.158) 
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Table 2.8.3 

Estimates of the variance oomponezitsinthe 

anaLya.a of variance 

Lambing  
2 	3 	24. 	5 I 

Ewes lambing of 
those Joined  
(Ew) 

6 	(residual) .1870 

62 (between sires) .0000 

6 	(between years) .0187 

6 	(between flocks) .0023 

(phenotypic 	1. .2080 
variance) 

.1654 .1553 .1718 .1595 

.004.7 .0096 .0000 .0008 

.0172 .0044 .0223 .0104. 

.0083 .0000 .0000 .0000 

.1936 .1693 .194.1 .1707 

Lambs born per 
we ioinod. (LW) 

S 

62  
7 

6 

62  
P 

.3287 .4.352 ,4890 .5463 .5878 

.0007 .0076 .0216 .0000 .0008 

.0237 .0356 .0374. .0710 .04.09 

.0063 .0059 .0030 .0000 .0000 

.3594 .4843 .5510 .6173 .6295 

2 	2 	2 	2 Phenotypic variance estimated as 6 + 6 + 6 + 6 
e s y f 



weaned roer 
Owe-joined  (Lj) 

62 .3286 .4232 .4877 .5221 .5389 

62 .0000 .0068 .0117 .0022 .0000 

6: .0138 .0236 .0228 .0651 .0270 

6 .0069 .0067 .0052 .0000 .0012 

62 
.3493 .4.623 .5274. .5894. .5871 

Lambs born per 
lambing we (LL) 

.1041 .1997 .2254 .2351 .2838 
62 .0061 .0000 .0032 .0036 .0000 

6 .0025 .0072 .0177 .0277 .0132 

.0025 .0042 .0058 .0040 .0027 

6 .1152 .2111 .2521 .2704 .2997 

Lambs weaned-per 
lambing ewe (L) 

6 .1903 .2890 .3312 .3383 .3790 

6 .0022 .0023 .0000 .004.3 .0000 

6: .0165 .0021 .0091 .0170 .006k,. 

6 .0000 .004.9 .0066 .0028 .0058 

6 .2090 .2983 .34.69 .3624 .3912 
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value is 01080 to unity, the between sires component of variance has 

a sampling variance (1 + 2) times that where the data were balanced 

for family size, C being the coefficient of variation of family size, 

which in these analyses varied, from 65 to 73 per cent. He further 

suggested that with low P values the exclusion of groups below half 

the average size will reduce the sampling variance of the estimate of 

the between sires component. Accordingly, all families of less than 

three daughters were deleted. This increased the average family size 

from 3.1 to 4,7 and reduced the average coefficient of variation of 

family size from 70 to 42 per cent. The heritability analyses were 

then repeated. 

In general, the standard errors of the heritability estimates 

were only slightly less than those calculated in the previous set of 

analyses (Table 2.8.4) and the heritability estimates were higher than 

those obtained when all data were included. Now five estimates 

differed aign4fioant].y from zero; L ,  at lambing 1 0  L at lambing 2 

and BLj  , L and LWj  at lambing 3. Again the estimates for LM and 

L were similar. The heritability estimates for E, LBOT  and 

were highest at the third lesabing, although the decline at subsequent 

lambings was not so marked as in the previous set of analyses 

(Table 2.8.2). 

The Heritability of Pooled. Lambing Records. 

The heritability was then estimated for L. and LW.T  records 

pooled over a number of years. All data were considered for 

inclusion and the records were pooled as followst lambinga I + 20  

1+2+3,1 + 2+3+4aM1 +2+3+4+5. In the same analyses, 



Table 2.8.4 

Estimates of the heritability of ewe reproductive performance 
at each of the first five lambingg 

Standard errors of estimates in parenthesis 

2. Only sires with at least three daughters 

Character 
1 2 

Lambing 

3 4. 5 

Ewes lambing of 
those joined (EU) 

.029 
(.068) 

.174 
(.076) 

.234. 
(.089) 

.107 
(.091) 

.050 
(.111) 

Lambs born per .017 .051 .261 .049 .119 
ewe joined (Lu) (.068) (.072) (.088) (.088) (.115) 

Lambs born per .270 -.037 .200 .133 .055 
lambing ewe (La) (.120) (.098) (.120) (.140) (.163) 

Lambs weaned per 
ewe joined (L 	) -.029 

(.065) 
.054. 

(.072) 
.201 

(.086) 
.052 

(.087) 
.171 

(.118) 

Lambs weaned per 
lambing ewe (Lu ) 

-.016 
(.ioi) 

.037 
(.103) 

.064. 
(.112) 

.104 
(.138) 

.133 
(.169) 



Table 2.8.5 

The heritability of lambs born per ewe Joined for reoords pooled over lasabings 

St*rerd errors in brackets  

All data available used in analyses, 

Heritability Laabinga ud izEled in analysis 
estimated for 

lamb in( a) Laabin Lambinga Lamb ings Lambings 
1+2 f,2+3 1,23+ 4 l,2,3,+5 

1 .008 -.033 -.054 -.024 
(.080) (.085) (.095) (.118) 

2 .080 -.006 -.047 -.162 
(.082) (.086) (.095) (.119) 

3 .163 .092 -.061 
(.085) (.096)  

4. -.025 -.081 
(.096)  

5 -.016 
 

I + 2 .0 -.016 -.033 
(.082) (.086) (.095) (.ii6) 

I + 2 + 3 .092 .052 -.042 
(.089) (.097) (.118) 

1+2+3+4. .033 -.042 
(.097)  

1+2+3+4+5 -.023 
(.118) 
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the heritability was also estimated for L and L., at the individual 

component lambings. 

The heritability for LBJ records pooled over 2, 3 and. 4. 

lambings were respectively 7, 9 and  3  per cent (Table 2,8.5), In 

each analysis, the value for the pooled record was lower than for one 

of the component records. It is also apparent that as records were 

pooled, the heritability of LB.T  at the individual lambings declined. 

For example, the heritability of LBj  at lambing 2 was 0,08 when ewes 

with first and second lambing records were included, but zero when the 

ewes also had to survive to third lambing. Similarly, for lambing 3, 

the heritability of LWwas  0.16 when ewes with three lambing records 

were included, 0.09 if only survivors to fourth lambing were included 

and zero if ewes had to have records for the first five lambings. 

When records on the first five lambings were required, the heritability 

of L was zero both for the pooled and for the individual lambing 

records. 

The heritability of LWJ records pooled over years followed 

the same general pattern as observed for LBJ  in that the heritability 

of performance at individual lambings declined as additional records 

were required for a ewe to be included in the analysis (Table 2.8.6). 

However, the heritability of pooled L
WJ   records was sometimes higher 

than comparable records for L.a, and also higher than the heritability 

of LWJ at individual component lanabings. 

In comparing these estimates for all ewes with those for ewes 

that survived to a subsequent lambing (Tables 2.8.5.,  2.8.6)9  it 

cannot be concluded that the differences observed are not attributable 



Table 2.8.6 

The heLIJUbilily of lambs 
fljnifII 	 LT fi!PL!F48 ! $U9YJV l&,iflts 

Standard errors of estiatsa in brsekts 

All data U 	in analym  

II.ritebilir Laabings included in analysis 

aabins Laabin€a Leabinis 
estimated for 

lambing(m) 
1+2 1,2.3 1 , 2,3+4 1,2,3,4+5 

1 .009 -.052 .-.0 - .001 
(.080) (.085) (.095) (.119) 

2 .068 -.022 -.047 -1100 
(.078) (.066) (.095) (.117) 

3 .060 .034 -.082 
(.088) (.097) (.119) 

4 '-.013 -.057 
(.096) (.119) 

5 .005 
(.119) 

1+2 .053 -.016 .015 .015 
(.061) (.091) (.097) (.118) 

1+2.3 .086 093 .001 
(.089) (.098) (.119) 

1+2.3.4 .067 -.001 
(.098)  

1+2+3+4+5 .016 
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to sampling, as data from additional years were included in the 

first-mentioned of these analyses. In order to make more appropriate 

comparisons, the heritability of L., and LWT  at third lambing have 

been estimated, for ewes born sufficiently early in the period under 

observation to have had a fifth lambing by 1969 1, but without 

requiring that they, in fact, survived to have this later lambing. 

A comparison of these estimates with those obtained earlier when it 

was required that the ewes survived to fifth lambing provides a 

direct check of the importance of the survival requirement. 

Similarly, estimates of L. and LWJ at second lambing were computed 

for ewes born sufficiently early to have a third lambing, without 

requiring that they did no. 

In these comparisons (Table 2.8.7) the seine trends were 

observed as were apparent in Tables 2.8.5 and 2.8.6, although they 

were not quite so marked; the heritability of lambing performance 

for ewes that survive to some later lambing was lower than the 

corresponding estimates for all ewes. 

Estimates of the between sire and residual components of 

variance, and of the phenotypic variance of L Bj  and L Wi  were 

estimated in the analyses listed in Tables 2.8.5 0  2.8.6. and 2.8.7. 

The between airs component of variance varied in a similar fashion to 

that reported for the heritability. In addition, the sum of the 

between and within sire components of variance, an estimate of the 

phenotypic variance within flock x year cells, also declined. For 

instance, in the analysis listed in Table 2.8.7, this estimate of the 

phenotypic variance was, on average, two per cent higher in the "all 

ewe" analyses than it was when it was required that ewes survive to 

a subsequent lambing. 
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Table 2.8.7 

The heritability of L and LW'T  for ewes that survived 

to subsequent lambings as well as for all 

ewes  born in the same years 

Lambs born 
per .we joined 

Lambs weaned 
per ewe joined 

(a) Heritability for second. lambing 

Ewes that survived to -.006 -.022 
third lambing (.086) (.086) 

All comparable ewes 027
08) 

 ( 046 
(.081) 

(b) Heritability for third lambing 

Ewes that survived to '.061 -.082 
fifth lambing (.116) (.119) 

All comparable ewes 116 
.() 

.086 
() 

Heritability of Binomially Distributed Traits 

A number of alternative methods of analysis have been 

Investigated for the tendency of ewes to lamb (Eu), and the number of 

lambing ewes with multiple births (E). 

The first of these methods was proposed by Robertson and 

Lamer (1949) and is a form of Chi-square heterogeneity teat. It 

was employed on records at each of the first five lambing., and 

families of less than three daughter& were excluded, from the analyse.. 

The estimates obtained could then be directly compared with those in 

Table 2.8.4.,  although given the frequencies of Ejj  and E. in the 

population, there should perhaps have been more stringent requirements 

before families were included in the Chi-square analysis (Cochran, 1954.). 
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Given the number of family groups in,olved her., the modification to 

the expected value of Chi-squars suggested by Cochran (1936) was not 

applied. Standard error& at the heritability estimates have been 

calculated as if heritability was estimated as the intra'alus 

correlation (se.  Robertson and Lerner, 1949). 

The estimates obtained for N. and Z were, on average, 
little different from those obtained in the hierarchical analysis of 

variance (Table 2.8,8). For both characters, the two methods of 

analysis were in agreement as to the lambing with the highest 

heritability, although the largest discrepancy between the two sets 

of estimates was for 9 IL at first lambing. 

The two other method, of analysis which were considered are 

maziwos likelihood approach... The first was suggested by 

Robertson (1951) and the second by TalUs (1962) and this latter 

method was also employed by Young, Turner and Dolling (1963)  to 

estimate the heritability of ewe fertility traits at different lasbinga. 

In both methods of analysis,  maximum 1ikeihaod solutions were only 

obtained after the data were pooled, in this instance, pooled over 

years with flooks being examined separately. Unfortunately, pooling 

over years is likely to bias upwards the heritability estimates 

(see Table 2.8.3), and the magnitude of this bias was not the sane for 

both characters and lasibings. For instance, from the components of 

variance estimated in the original hierarchical analyses of variance, 

the heritability of IW  at first and third lambing respectively would 

be expected to be .36 aM .34, when in Table 2.8.4 they are 

respectively three aM 23 per cent. Pooling over flocks would have 



Table 2.8.8 

The heritability of & and L. as estimated by the Chi-equare heterogeneity method 

Method of Analysis
Lambing 

1 2 3 4. 5 

I • 	Ewes lambing of those joined (Eu) 

Chi-square heterogeneity -.058 
 

.04.6 
(.074.) 

.161 
(.080) 

-.017 
(.089) 

-.006 
(.100) 

Intra.-olaaB correlation .029 
 

.174 
(.076) 

.23 
(.079) 

.107 
(.091) 

.050 
(.111) 

2. 	Lambing ewes with multiple births (E) 

Chi-square heterogeneity 4.73 . 	
(.128) .044 (.100) .254 (.120) 

. 
002 (.138) 

. 
o17 (A70) 

Intra-olass correlation f .270 
(.120) 

-.035 
(.o) 

.202 
(.120) 

.117 
(.139) 

.072 
(.170) 

From Table 2.8.4. 
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produced less drastic changes. Nevertheless, it was decided it to 

pursue these analyses any further as the effort and expense involved 

in the required computations did not seem to be justified if biased 

estimates of heritability were the expected outcome. 

OffeDring-parent Regress ion Analyses 

The heritability of both LBT  and LW.T  has been estimated by 

daughter-dam regression. Data were available on ewes in the base 

population and on their daughters born in the selection and control 

flocks between 1951 and 1967, The maximum number of daughter-dam 

pairs was for first lambing, 2417, in which there were an average 

1.8 daughter record.s for each tam. The dam's record was repeated 

for each of her daughters. Sums of squares and oroos products and 

degrees of freedom were calculated Within year of birth of both dam 

and daughter and then pooled. 

Heritability estimates for L. and L., at each of the first 

five lanbings are given in Table 2.8.9. For both characters the 

heritability estimates for the third and the fifth lambing differed 

significantly from zero, The overall pattern in these estimates is 

generally similar to that observed in the half-sib estimates. 

The major objection to heritability estimates of ewe 

reproductive performance obtained by daughter-dam regression is that 

they may be biased by dam selection, Dams in the '0' class which 

are included in the analysis are a select portion of all ewes that 

did not produce a lamb at that particular lambing, in that they 

did produce a daughter at some other lambing. It was considered that 

the most likely consequence of this form of selection would be to bias 
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upwards the daughter's performance of ewes in the 101  class. For 

this reason it was decided to cheek on the linearity of the relation-

ship between darn and daughter performance for L, using a form of 

genetic regression analysis akin to that employed in estimating 

repeatability in the previous Section. A least squares fore of 

analysis was used to estimate daughter perforanoe, and the following 

model was used: 

u+Ti+YDj+Pk+Dl+e ijklm 

whereXijkl.an  observation on daughter' a performance for LM 

an effect due to the ith year of birth of the daughter 

YD, = an affect due to the Jth year of birth  of  the dam 

an effect due to the kth flock 

an effect due to the 1th performance of the dam 

(01,, 1 or 2 lambs), and 

is a random error term 

Separate analyses were conducted on the first to the fifth lambing 

records for L, the same lambing record being examined for both 

daughter and dam at any one time • In addition, the value of the dam's 

record foras a predictor of LW  in the daughter was also 

determined. 
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Table 2.8.9 

geritabilitv t LBJ aM 	as esttmatel 
by d.auiter-dam regression 

1 2 

Lambing 

3 4. 5 

Lambs born 
per ewe .038 .038 .127 .031 .142 
joined (.036) (.036) (.036) (.038) (.01,8) 

Lambs weaned 
per ewe .01,0 -.0011. .126 .027 .197 
joined (.036) (.036) (.036) (.038) (.050) 

The estimates of heritability obtained (Table 2.8.10) from 

the performance of the dam and the least squares estimate of daughter's 

performance are of the same order of magnitude as those obtained by 

more usual offspring-parent methods (Table 2.8.9). However, the 

relationship between daughter and dam performance was clearly not 

linear. 	At two lambinga, the second and the fourth, daughters of 

ewes with 0 0' laaba at mothering produced more lambs than the daughters 

of ewes with I lamb, Over the five lambinga, there was no difference 
in perforinano. (LB.;) between these two groups of daughters, while the 

daughters of the '1 lamb' dams weaned 1,3 more lambs per 100 ewes 

Joined. Daughters of 1 2 lamb' dams were 7.7 per cent superior to 

the daughters of 11 lamb' dams in L, 

Unbiased estimates of the heritability of twinning have been 

obtained for each of the first five lamb ings by two daughter-dam 

methods. The first of these could be described as a realised 

heritability method, the second a threshold model suggested by 



Table 2.8.10 

tpa4j between  jL j1' s,forLBJ   and 
her daughter' s records for 	and L at the corresponding lambiog 

Standard errors of estimates of da*41ter'a performance Aiv.n in bracket. 

DSa'B record 
for L. 

1 2 

Daughter' a Pertorano. 

Lambing 

3 4 5 

Lambs born per ewe joined. 

0 0.854 0.893 0.896 0.986 0.976 
(.022) (.026) (.027) (.029) (.035) 

0.8 0.837 0.965 0.91.7 0.962 
 (.021) (.021) (.024) (.029) 

2 0.906 0.922 1.038 1.061 1.058 
(.026) (.024.) (.025) (.026) (.031) 

Lambs weaned per ewe joined 

0 0.693 0.812 0.750 0.865 0.858 
 (.025) (.026) (.029) (.035) 

0.718 0,785 0.858 0.817 0.865 
(.017) (.019) (.020) (.023) (.028) 

0.716 0.806 0.918 0.903 0.961 
(.024) (.023) (.024.) (.026) (.031) 

Heritability 0.047 0.046 0.160 .096 .094. 
of LM (.024) (.140) (.044) (.154.) (.034.) 

Estimated as twice the regression of daughter' • L on dam's 
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Falooner (1965) for estimating the ].iabi1i1y to disease0  In both, 

daughter' a p.rtormsnoe was sstiaatid from least squares analyses, using 

the sass model as that pruioual.y employed fOr 	and I, ff.r., 

only dams and daughters producing I or 2 lambs at the corresponding 

lashing war. Included. 

To estimate h.ritabiliV as the rsponse to selection among 

the dams, the  differono* in daughter psrfOinoe between dams producing 

I ve  2 lambs was doubled. This response was achieved for a selection 

differential .f one lamb, the difference between the two alasses of 

dams. With only two groups of one in either,  generation, the  

sampling variance,  of the regression oraettioisz*t was oaloulsted from 

the insidenos of twins in the two groups of daughters. 

In the method of analyses proposed by  Falconer  (1965), it is 

asa'aisd that the binoaiefly distributed trait, twinning, is determined 

by some 'nd.rlying variate which Is normally distributed, The 

heritabi1i1y of twinning was aalat21at.4 from equation (i,) in 

Ysloonsr' s paper, i'ieh makes dui allowance for the tact that the 

control* is this comparison, single bearing dams, are selected in the 

sane sense that twins are s.l..t.d. Zstiaates of the incidence of 

twindAs at each of the first five lashings were obtained taos 

Table 2.3.6 • pegs 83 • The standard error of the regression 

oc,fficiant was calculated by  Method 29  Appendix B, in ?aloonar 

The second of the" sethodsof analysiswaa not, intact, 

used, for first lashing records, as the Incidence of twine in the 

daughter and dam generations was negatively related (Table 2.8.11). 

For the other lashings, the threshold model gave higher e.tin.t.s. 
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Both methods of analysis estimated that the heritability of twinning 

was highest at the third lambing. 

Phenotypic and Gsnetio Correlations Between Measures of Reproductive 

Perforasnoe 

In the hierarchical analysis of variance, phenotypic and 

genetic correlations have been estimated between L. and 	and 

between L BL 
and LWL at the sane laabing. Estimates of the genetic 

correlation could not be obtained where one of the measures was not 

heritable (see Table 2.8,2, 2.8.). Where estimates of the heritability 

were positive but alone to sezo, estimates have been calculated 

although it is not clear to what extent either the' or their estimated 

sampling variances are reliable. Standard errors of the genetic 

correlations were estimated using the approximate formula suggested by 

Robertson (1959). 

The phenotypio correlations between LB, and. Lw,i were all in 

excess of .8 and were significantly higher than the phenotypic 

correlation between ~BL and LWL at the corresponding lambings. The 

genetic correlations did not differ significantly from unity for 

either pair of characters. 

Phenotypic correlations between either LW or W"T at 

different lambinga have been considered in the previous Sotion. 

It was not possible to estimate corresponding genetic correlations as 

in no case was the heritability positive for either L. or Lw,,T at 

different lambings. 



Table 2.8.11 

The incidence of trin"(vg aang daughters of single and twin producing dais, 

and estimates of the heritability of twiming 

Lambing 

1 	 2 	 3 	 4 	 5 

I • 	Incidence of twinning in daughters (%) 

Falooner' a threshold 
model 

	

16.6 	 33.7 	32.3 	 40.4 	 44.9 

	

16.1 	 36,5 	 39.0 	 42,1 	 46.6 

	

2. 	Heritability of twinning 

-1010 	 .054 	 .134. 	 .036 	 .034 

	

(.026) 	 (.023) 	 (.026) 	 (.022) 	 (.033) 

	

.086 	 .219 	 .054. 	 .053 
estimate 	 (.089) 	(.085) 	(.094.) 	(.106) 

Performance of deaa 
at corresponding 
lambing (EEL) 

One lamb 

Twins 

Realised heritability 

Co 

I 



Table 2.8.12 

?heztipio end. enetio aorrelations between measures of reproductive porformano. at the same 1ambin 

Lambing Phenotypio Correlations 
(953 oonfileno. limits) 

Gnetio Correlations 
(Staz1ard error of estimate) 

LBJ/LV LBL/'LWL 

(i) 	 (2)f (i)j. 	(2)4. 

First .862 
(.851, .869) 

.592 
(.558, .617) 

SeoaM .851 
(.840, .859) 

.653 
(.613, .675) 

.888 	 .868  - 
.84.5 

(.191) 	(.240)

Third .658 1.117 	 .940 1.113 
(.83.0  .851.) (.5780  .686) (.121) 	(.031) (.173) 

Fourth .862 
(.84.9, .870) 

.667 
(.61+1 g, 	.696) 

- 	1.063 
(.160) 

1.200 
(.368) 

Fifth .842 
(.824 0  .854) 

.671 
(.6ii, .701) 

1.068 - 	(.080)  
.596 

Estimate 1, from the analysis of all data (Table 2.8.2) 

Estimate 2, from the analyses in which an sires had at least 3 daughters (Table 2.8.4.) 



Discussion 

The heritability at we reproductive performance has been 

estimated for a h.tez'ogen.ous population, heterogeneous in that 8 of 

the 10 flocks had been subject to continued directional selection. 

In such oirouastanees, halt-sib heritability estimates in particular 

could be biased downwards it the characters under selection are 

genetically correlated with ewe reproductive p.rfor.ane.. Differences 

between the flocks have already been reported for various measures of 

performance (see Section 2.4) and this topic will be returned to in 

the Part 3 of this Thesis, For the purposes of the present discussion 

it will be assumed that the estimates refer to an unselected population. 

However, it should be pointed out that Kennedy (1967) estimated the 

heritability of L. and LWj  at first Lambing at .20 and .06 respectively 

for a eseple of ewes from the base population and Random flocks. 

Theae values are considerably higher than those reported here and, 

while the two sets of estimates do not differ significantly, the 

possibility that the differences are due to the selection history of 

the flocks cannot be discounted, 

The estimates obtained for L. and LWjr  at the individual 

lambings were low (so, Tables 2.8.2 and 2.84) with a aaxizm value 

of 0,26 for LW at third lambing (Table 2,8,4), They are thus 

broadly similar to estimates obtained for other breeds (see Table 2.6.4). 

In the present study estimates for 	and 	increased from the 

first to the third lambing, tell at the fourth, and then behaved 

variably, Ivideuoo from other studies on possible associations between 

heritability and age of ewe i. conflicting (see Section 2.6), although 
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Young, Turner and Dolling (1963), also working with lierinos, reported 

a such more dramatic increase for LM between first and second 

lashing than was obtained here. Ideally, wW such observation should 

be based on analyses using the sena body of data and not, as in 

Table 2.802 and in the other studies, where varying numbers of drops 

contributed to the different estiaatea, However, whire some attempt 

was made to balance the data in an appropriate fashion, the 

heritability estimates for the earlier lashings were consistently 

lower than when they were considered on their own (Tables 2.8,59  

2.8.6 and 2.8.7). It seems reasonable to conclude from these 

Tables 2,8.2 and 2*8,4 that among the first four lashing records, 

heritability for both Lw  and LW.T  Is highest at the third lashing. 

Nevertheless, it should be appreciated that any such pattern of 

association may be influenced by factors which influence the 

probability of a ewe surviving to various lashings. 

The heritability of LW  at a lashing was lower for ewes 

that survived to some later lashing than it was for all owes. In 

addition, the pbenotypio variance among surviving ewes was less. 

This decline in ph.not.ypio variance would be expected from the results 

presented in Table 2.3.60  where it was shown that the probability of 

subsequent survival was related to lambing performance, such that 

ewes of intermediate lashing performance had the greatest chance of 

survival. It is tempting to attribute the pattern of declining  

heritability to stabilising selection on lashing perfozwanoe. 

However., stabilising selection would not be expected to reduce the 

heritability of lambing performance if, for that lashing, selection 

acted only at the level of phenotypic expression for L. The 
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heritability among survivors sight be espeoted to be lower it there 

was a curvilinear gsa. tie relationship between L. and the lks]ihood 

of survival Becaus• of the smmll use of the half-sib family groups, 

it was not thought worthwhile to look for such $ relationship in these 

data, 

In previous studies the disparity between estimates for 
Lw 

and LWj  has almost elv.ye been greater than reported here (Young, 

Turner and Dolling,, 1963; Purser, 1965; Kennedy, 1967). Tbe 

average estimates for L. and L, obtained by weighting individual 

values by the inverse of the sampling variance, were respectively 

5.1 and 3.1 per cent (Table 2.8.2) and 8,4 and 6.5 per cent is the 

enaly*es on the restricted body of data (Table 2.8.4), only at the 
third lambing was the heritability of L consistently and appreciably 

greater. Given the similarity  of the estimates of the two characters 

and the high genetic correlation between then at any one lashing, 

equivalent responses in L night be expected,, regardless of whether 

selection was on 14 
Bj 
 or LWj . The heritability of La  was 8150 higher 

than for L, with average weighted estimated over the two sets of 

analyses of 11 and. 8 per cent. These results support the conclusion 

of Purser (1965) that the action of the environmental factors 

influencing survival was such as to 'dilute what littie genetic 

variation is present in litter size at birth'. 

Previous reports (Purser, 1965) or suggestions (Turner, 1966) 

that the heritability of Zjj  was effectively zero do not esen to 

apply to this population, where the weighted average estimate was 

11.6 per cent (Table 2.8,4). both in magnitude and in their pattern 
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of change with age, the heritability estimates for 9,, aM L,, were 

similar. 

Culling families of less than three daughters had comparatively 

little effect on the standard errors of the half-sib heritability 

estimates (Table 2.8.). By increasing the average number of 

daughters and, as it tired out, also the between sire eoaponent of 

variance, the loss of inforeation in the analysis of variance du, to 

variation in family also would be reduced (Robertson, 1962). However, 

in the process, between 1.1 and 63 per cant of the sire groups were 

culled, so that it is not surprising that the effect on the standard 

errors was not greater (see Swiger, at. a.j, 1964), The estimates 
obtained in the two sets of analyses (Tables 2.8.2, 2.8.) are not 

independent. In subsequent predictions of response to selection for 

increased reproductive perforsanoe the estimates obtained for the 

restricted body of data will be used it for no better reason then that 

they are more encouraging as to the responses which sight be achieved,  

These hall-sib estimates will also be used in preference to 

offspring-parent regression estimates of heritability. While the 

daughters of ewes that produced twins at the corresponding lashing 

consistently produced more lambs than 4i4 the dsuters of single 

bearing ewes, the daughter-des heritability estimates are subject to 

bias as only a selected portion of dame in the zero lambs class are 

represented in the analyses, namely those ewes that produced a 

daughter at some other lambing. This fore of des selection is not the 

ease as truncation selection for soss normally distributed trait, so 

that it is not clear what fore of correction to the heritability 
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estimates would be appropriate. AU that can be concluded is that 

the relationship between daughter ant dam records which can be 

included in the analysis is not linear. 

The balfaib and daughter-dam regression estimates of the 

heritability of twinning are in general agreement (Table. 2.8.20  

2.8.4 and 2.8,11), with one obvious szoeption, that of performance 

at first lambing. Here the balfaib estimate was .27 (Table 2.8.4)0  

while the regression estimate was nsgativ.. This discrepancy may 

be due to the importance of different genetic components included in 

the two estimates (see Dickerson, 1969), but is likely to be at 

least partially attributable to a negative maternal k'idioap such as 

that reported by Falconer (19) in mice. The maternal handicap in 

this ease would be being born a twin, and the daughter, of twin 

producing ewes would be likely to contain more twins than the 

daughters of single producing ewes, It has already been pointed out 

that twin born ewes produce fewer twins at first lashing than do 

singles (Table 2.4.7) • The importance of this suggested maternal 

effect could be tested by comparing the relative performance of the 

daughter, of single and twin producing ewes, the daughters themselves 

being subdivided according to their own type of birth. 

PinaUy, the bait-sib heritability estimates for 	at 

third lashing was as high or higher than repeatability estimates for 

LjW  in which data on the third lambing were included. This situation 

is by no means confined to the present study (Young, Turner and 

Dolling, 19631 see Turner, 1969a,b, for other references). By Way 

of explanation BradfOrd (,972) has invoked negative environmental 
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offsots, such that producing twins in one year could load to a ewe 

being in poor body condition and hence give lower than average 

performance in the following year. Certainly, such effects do appear 

to have operated in a number of studies in which repeatability 

estimates have been increased by improved environmental conditions 

(Purser, 1965;  Shelton and $enziea, 1970). In addition, Purser (1965) 

also suggested that the stress associated with twinning at early 

lamb inga could be responsible for the poorer predictive value of such 

records. ifowever, whil, these findings and suggestions say be 

apposite, there is no reason why the repeatability between a pair 

of lambinga may not be lower than the heritability at one of them. 

In the relatively simple model proposed in Appendix B , repeatability 

sets an upper limit not to the heritability at either lambing but to 

the square root of the product of the heritabilities, even when the 

genetic correlations between the two records is one. 



- 192 - 

SECTION 2.9 ESTIMATING THE RESPONSE TO SELECTION FOR INCREASED 

REPRODUCTIVE PERFORMANCE IN THE TIWIGIE FLOCK 

From the information presented in the previous Sections, the 

expected response in ewe reproductive performance can be predicted for 

a number of forms of selection. As already mentioned, selection can 

be among hogget replacements, based on their da& a performance, or 

among ewes already in the breeding flock based on their own lambing 

reoords. Initially these will be considered as alternative rather than 

as complementary programmes. In all of the subsequent calculations, 

half-sib estimates of the heritability of L will be used; from 

Table 2.8.4, .017 for first lambing, .051 for second, .261 for third, 

.049 for fourth and .119 for fifth. The flook will be assumed to be 

closed and of five age groups of ewes, 2 to 6 years of age. Rams are 

only used once, at ij years of age. In all of the following 

calculations, responses will be measured as the genetic improvement in 

flock reproductive performance. This should also be the same as the 

asymptotic rate of response in a oontinuing selection programme, 

provided of course that the genetic parameters and population structure 

and statistics are constant (Hinka, 1970; Hill, 1971, 1974). Using 

the terminology of Rendel and Robertson (1950), genetic improvement (/.C) 

should be equal to: 

'RR'RE'ER'EE 

LRR + LRE + LER + L HE 

where I and L refer respectively to the genetic superiority of selected 

parents and to generation lengths with reference to the four possible 
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paths to improvement (in subscripts), rams to breed rams, rams to breed 

ewes, ewes to breed rams and ewes to breed owes. In the following 

examples, the generation lengths L. and LRF  are both equal to 2.0 years, 

the average age of sires when their progeny are born. In an unselected 

flock of ewes, L and L. are both equal to 4.05 (Table 2.5.2) and in 

the following examples are little affected by the selection procedures 

being examined. 

In selecting hogget rams on their dam's performance, we are 

selecting ewes to breed rams. In the following example, it will be 

assumed that triplet rams are chosen from ewes having their third 

lambing. Given that at least one per cent of rams would probably be 
€f cd-, 

required at mating (Dawe, 1970), and the known frequency of triplets 

at birth in this flock, this selection pressure might not be achieved 

in praotie, but it will suffice for the present purposes. Selection 

is based on the dam's third lambing as this record of L. has the 

highest heritability. The genetic superiority of the selected dams 

will be equal to the product of the selection differential and the 

heritability. As response will be measured relative to a population 

where rams are not chosen with regard to their dam's record, the 

selection differential applied is equal to 3 minus the average litter 
size among the lambs from ewes having their third lembing. From the 

results in Table 2.4.3, almost equal proportions of single and twin 

born rams would be available for selection. 

The genetic superiority of the selected ram lambs for 

at third lambing should be equal to the average of their parents' 

superiority (half that of their dam's superiority in this example) or 
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performance, the genetic superiority of the selected dams and their 

sons at other ].ambinga would, also have to be considered. To obtain 

this information, the genetic correlations between LBJ at different 

lambinga have been assumed to be 1, while the between sire and 

residual components of variance (Table 2,8.3) have been used to 

estimate plienotjpio standard deviations. When the age structure of 

the breeding flocks is taken into account, the genetic superiority of 

the selected ewes in flook reproductive performance is equal to .176 

lambs, Calculated as an annual rate of improvement (L = 4.00, 
ER 

LEE = 4.05), response would be expected to be .015 lambs born per ewe 

joined per year, or 1.55 per cent of average flook performance. 

Similar calculations could be made for the improvement 

expected as a result of selecting hogget ewes on their 	a record. 

A simple version of this form of selection would be to choose twin born 

hogget ewes in preference to singles, without regard to the lambing at 

which they were born, Such a selection programme would have much to 

recommend it in commercial flocks, as permanent records would not be 

required., only the identification of either singles or twins at birth. 

Given the relative frequency of twins and singles at 18 months of age 

(Tables 2.4.3; 2.4.9), an estimated 41 per cent of ewes entering the 

breeding flock would be twins, if the choice was made at random. By 

choosing all available twins, this figure could be increased to 70 per 

cent. From the relative performance of singles and twins (taken from 

the age specific estimates of L BJ 
 for singles and twins), the average 

genetic superiority of the twins in flock reproductive performance is 

equal to .023 lambs, Hence the superiority of their Isms is equal to 
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twice this, and the expected rate of improvement is .0038 lambs per 

ewe joined per year, or 0.40 per cent of mean flock performance. 

Selection of ewes to breed both rams and ewes could be practised 

concurrently and the total response to selection would be expected to 

be simply the sum of the two independent contributions to improvement. 

Clearly in this example, selection of ewes to breed rams is by far 

the major contributor to improvement. 

Where selection is among ewes already in the breeding flook, 

improvement due to artificial selection comes about by keeping the 

selected ewes for subsequent lambings. Hence, for a flock with a 

fixed number of age groups, selection on early lambing records would 

offer the greatest opportunity for passing genetic superiority to the 

following generation. In the following examples of this form of 

selection, 20 per cent of ewes will be culled after any of the first 

four lambinga. Culling of this order would be expected to make littie 

improvement to current flock productivity; in fact, culling 20 per 

cent of ewes after the fourth lambing would lower flock reproductive 

performance, due to the adverse effect of altering the age structure 

of the flook (Table 2.9.1). 

After making allowance for the neceseazy alterations in age 

structure of the breeding flock, 79, 589  36 and 17 per cent of hogget 

ewes are produced by selected ewes where culling was respectively 

after the first, second, third and fourth lambing, and all estimates 

of response have been modified a000rd.ing].y. To bring them to a 

common basis of comparison, responses have been estimated for a flock 

of five age groups of ewes in which there is no culling. Genetic 
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Table 2.9.1 

The effect of ouUin on flock rero4uotive perfrianos: 

wsntv M cent of owes wtboutbcul 

after the nominated 1aabin 

Lambing on which culling based 

First Second Third Fourth 

Effect on current 
flock produotiviy 	+062 	+.66 	 -.02 

Rate of gsnetç 
Improvement 1 	 +.08 	+.12 	+.17 	+004 

(% per year) 

Both expressed relatiwe to performance at unselected flock 

correlations between L&I  at different bakings have again been assumed 

to be I • In this form of selection, the genetic superiority of the 

selected ewes is passed equally to their rem and ewe offspring. 

However, from the figures in Table 2.9,1 it can be seen that the 

expected annual rate of improvement in flock reproductive perfozmile 

is low, with a maximum 'value of .17 per cent per year when ewes are 

culled on the baa,ta of their third lambing record. 

Breeding prograea recommended for improving reproductive 

performance in ocanarcial flocks ndlly suggest that aalecticn should 

be practised among both potential hoggot replacements and ewes in the 

breeding flock, even to the extant of culling all dry ewes after eaah 

leaking, it this is possible • It is difficult to translate estimates 

of phenotypic and genetic parameters on populations not subject to 
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artificial eelootion, euoh an has been obtained her., into predictions 

of gonstie progz'.aa in •pro'aes where such a range of oonieoutivs 

selection decisions are nade. It characters aaaooiated with 

reproductive perforesnea were mrasl]y distributed, then appropriate 

modMioations to the pareeeter eetSaates might be awle (Coohrsn, 1951; 

Thompson, 1973) • As this is not the ease, it will pvb&b2j be 

necessary to re-estimate parameters of interest after now appropriate 

form of paper calling of the data in order that agreement between 

predictions and response can be eassased (Turner, 1969a, b). 
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SECTION 3.1 THE CORRELATION BETWEEN EWE REPRODUCTIVE PERFORMANCE 

AND THE CHARACTERS WIDER SELECTION IN THE TRANGiE 

SINGLE CHARACTER SELECTION FLOCKS - A REVI 

Estimates of genetic correlations are of interest for two 

major reasons within the present context of attempting to improve 

ewe reproductive performance. Firstly, they are necessary in order 

to predict the effects of such a selection programme on other 

production characters. Secondly, they enable an assessment of the 

feasibility of improving ewe reproductive performance by indirect 

selection. In this Thesis, the aim is simply to estimate the 

magnitude of phenotypic and genetic correlations, and also to examine 

the correlated changes in ewe fertility in the Trangie single character 

selection flocks. These analyses are presented in Section 3.2. 

Before that, available estimates of such correlations will be reviewed, 

an area also recently covered by Turner (1972). 

Correlations between reproductive performance and fleece characters. 

In discussing such relationships, it is useful to distinguish 

those studies in which fleece characters were recorded before first 

mating, from those where the measurements were made after the ewe had 

entered the breeding flock, The latter situation is complicated by 

the fact that pregnancy and lactation can influence measures of wool 

production (Brown et. 	,, 1966). Then if no adjustment is made for 

say the effect of previous lambing performance on fleece weight, 

a biased estimate of the genetic relationship between that fleece 

record and the previous or following lambing can result. If a 
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correction is made, it is not clear to what extent correlations 

estimated are between reproductive performance and the correction, 

rather than with the breeding value of the animal for that character. 

While estimates of the correlation between fertility and. wool 

production throughout life are of considerable importance in 

designing improvement programmes, greater confidence can be placed in 

correlations where the fleece characters are recorded prior to first 

mating. 

In general, estimates of the phenotypic correlation between 

ewe reproductive performance and hoggot fleece weight have not been 

large, whether positive (Young, Turner and Dolling, 1963)  or negative 

(Kennedy, 1967).  Purser  (1965)  found the relationship between later 

fleece weights and litter size to be positive. Estimates of the 

genetic correlation are similarly variable although here the majority 

are negative (Rae and Ch'ang, 1955) and sometimes strongly so 

(Kennedy, 1967; Shelton and Menzies.. 1968). The standard error of 

many of these estimates is high so that the considerable range in 

magnitude of these estimates is perhaps not surprising. A further 

complication is the low degree of genetic variation for reproductive 

performance. For instance, Young, Turner and Dolling (1963) found the 

heritability of LB.T  and LW.T  at first lazing to be low (both 0.03), 

while corresponding estimates at second lambing were 0.35 and 0.15. 

It is not clear to what extent information on genetic correlations 

between such traits and production characters should be weighted,it only 

subjectively, by information on the heritability of reproductive 

performance. In any event, given that the genetic correlation between 

fleece weight and L at both the first and second lambing was the 



same, the relative magnitude of the expected correlated changes in 

at these two lambinga as a result of selecting for clean fleece 

weight would be very different. 

Few estimates of correlations between crimp frequency and 

ewe reproductive performance are available • Phenotypic correlations 

with crimp frequency at the hogget shearing would appear to be small 

(Young, Turner and. Dolling, 1963; Kennedy, 1967), while the genetic 

correlation with L BJ 
 at first lambing was positive in both of these 

studies. 

Two studies have been made of correlated changes in ewe 

reproductive performance to selection for increased fleece weight. 

Turner, McKay and Guinane (1973) found no consistent evidence of aiy 

change in L BJ  or L VIV 
 which is in line with estimates obtained for 

their population by Young, Turner and Dolling (1963),  Kennedy (1967) 

also reported that selection for increased fleece weight at Trangi. 

(Fleece Plus v. Fleece Minus flocks) had not affected reproductive 

performance of 2 year old ewes, although he did estimate a high 

negative genetic correlation between fleece weight and these measures 

of fertility. 

Correlations between reproductive performance and body weight. 

A large number of estimates of the phenotypic association 

between body weight prior to mating and various measures of ewe 

reproductive performance are available largely because of the interest 

in such practises as fiu&hing to improve lambing rates (see Mou]e, 1962). 

The present discussion will be restricted to studies in which estimates 
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of both phenotypic and genetic correlations are available (Table 3.1.1). 

Again the distinction between body weights recorded prior to first 

mating and later weights is apposite. 

In all of the studies listed in Table 3.1 .1, the phenotypic 

and genetic correlations between body weight and reproductive 

performance were positive. The estimate of the genetic correlation 

reported by Cb'ang and Rae (1972) was such to indicate that selection 

for hogget body weight might produce a greater response in ewe 

reproductive performance, than direct selection for such characters. 

On the other hand, a positive genetic correlation would mean that 

selection for improved fertility would increase the average body 

weight of the population, with the consequent expected increase in 

maintenance requirements. 

Pattie (1965b) reported that the reproductive performance 

of ewes in the Weaning Weight Plus and. Minus flocks at Trangie was 

similar. If there was a positive genetic correlation between weaning 

weight and. L Bj or LWJ  , as in the studies mentioned above, then the 

weight Plus flock would be expected to be superior. However, 

Pattie (1965b)  also reported that prior to the use of type of birth 

corrections, the proportion of twins included in the two flocks 

differed markedly, with a higher percentage being included in the 

Weight Minus flock. From the results reported earlier in this Thesis 

on the relative reproductive performance of single and twin born ewes 

(see Table 2..6), and more generally on the inheritance of ewe 

reproductive performance (Section 2.8), such unequal representation 

of twins would counteract any positive correlation in the Trangie flock. 
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Table 3.1,1 

Phenetypic and enet 1.0 correlations between ewe 

reproductive performance and body weight 

Study Phenotypic Body weight 
at: 

Measure 
of ewe 

reproductive 
performance 
(lambing(s))  

correlation 

T 
Genetic 

correlation 

Young, Turner 16 months L BJ  (i) 0.14 0.47 
and Dolling 
(1963) (hogget) LwJ. (i) 0.03 0,16 

16 months LM (2) 0.12 0 
(hogget) L.#J (2) 0.01 0.22 

Purser (1965) Pre-mating LI.T  (various) 0.23 0.44 
(various) 0.25 0,78 

Kennedy (1967) 16 months of age LN (1) 0.07 0.20 
(Trangie flock) (hogget) L 	(i) 0.06 0.06 

Shelton and weaning L 	(various) 0.06 0.06 
Menaies (1968) Lw.T  (various) 0.10 0.04 

yearling L Bi  (various) 0.15 0.57 
LW.T  (various) 0,11 0.44 

Ch'ang and weaning LM (i) 0.13 .32 to 1.27 
Rae (1972) 

LM (1+2) 0.15 .40 to 	.83 

L BJ  (1+2+3) 0.15 0 to 0.42 

hogget L 	(i) 0.23 .72 to 1.25 

LB.T  (1+2) 0.22 .16 to 	.67 

IaN (1+2+3) 0.23 -.24 to .65 
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Correlations between skin fold and ewe reproductive performance, 

Young, Turner and flailing (1963) found both the phenotypic 

and genetic correlations to be negative, and the genetic correlation 

strongly so • Dun (1961+) presented evidence on the poorer repro-

cluotive performance of the Folds Plus flock at Trangie, relative to 

the Folds Minus flock. However, subsequent work by Dun and 

Hamilton (1965) indicated that this difference in flock reproductive 

performance was due to differences in ram fertility, a topic also 

dealt with by McGuirk (1969) and extensively so by Fowler (1966 



SECTION 3.2 E3TIMATh$ OF PHENOTYPIC AND GENETIC CORRELATIONS 

BETWEEN REPRODUCTIVE PERFORMANCE AND OTHER CHARACTERS 

IN THE TRANG.IE  FLOCK 

In this Section two topics are dealt with, estimates of 

genetic and phenotypic oorrelations between ewe reproductive 

performance and the characters under selection at Trangie, using 

an unselected population of ewes, and then the correlated responses 

in ewe reproductive performance actually observed for the single 

character selection flocks. 

Correlations in the unselected Tranie population 

The measures of ewe reproductive performance examined in 

these analyses were EL.Ty L and LWT, at each of the first three 

].ambings. These were correlated with clean fleece weight, crimp 

frequency, age corrected weaning weight, for which the age correction 

was applied to weaning weight itself and not gain from birth to 

weaning, and the oombined skin fold score for neck and aide • No type 

of birth correction was applied to any of these characters. Estimates 

of genetic correlations were obtained by both half sib analysis  of 

variance and daughter-dam regression. In each case, data were from 

ewes born and mated in either the March or April mated Random flocks. 

For the half-sib analyses, information was available on a maximum of 

791 ewes, the progeny of 24.7 rams, At most 592 daughter-dam pairs 

were considered. Dam records were repeated each time a daughter was 

represented. 

Heritability estimates for ewe reproductive performance 

(Table 3.2.1) were not greatly different from those reported earlier 
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in this Thesis (Table 2.8.4., page 168). Heritability estimates for 

clean fleece weight, crimp frequency, weaning weight and fold soars, 

averaged over all the estimates, obtained, were respectively .25, .40, 

.17 and. .52. 

Table 3,2.1 

Estimates of heritabilit of ewe reproductive performance 

in the Tranie Random flocks 

Half-sib Estimates Daughter-dam Estimates 

L 

Lambing 1 	.01 -.20 	'.04. -.05 	.05 

2 	.15 .09 	-.07 .05 	.04. 

3 	.16 .09 	-.08 .18 	.22 

Phenotypic correlations were small and none differed 

significantly from zero; the maximum deviation from zero being a 

correlation of .09 between 
Rij  at third lambing and clean fleece 

weight. If the individual estimates are pooled., the average correlation 

between all measures of ewe reproductive performance and the other 

characters was as follows: 	clean fleece weight, -.02; crimp 

frequency, -.01; weaning weight, .0; 	and fold score, -.03. 

In view of the heritability estimates presented in Table 3.2.1, 

genetic correlations were not calculated with ewe reproductive 

performance at first lambing, while correlations with L
WJ   were only 

obtained using the daughter-dam regression method. Standard errors 

of the genetic correlations were calculated using the approximate method 
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proposed by Robertson (1959) 'uhile for the 	tersdan estimates, 

the formula suggested by Reeve (1955)  was used, 

Ens of the thirty two estimates of genetic correlations 

differed si5nifiaant:13' tics sire (Table 3.2.2). Even so, there was 

considerable variation between estimates for say fleece weight and 

different measures of reproductive p.xfors.ro., especially when 

recorded for different lasbiag., Where comparable half-sib and 

offspring parent estimates were available,, as there were for correlations 

involving I, the two estimates sometimes differed quite markedly. 

In view of this variation, there sees. little point in dialing with 

individual estimates in .zy detail. It would appear that correlations 

between pertoraanee at second lashing and clean fleece weight were 

strongly negative, but with third lashing the correlations were small 

and mostly positive. With crimp frequency, it is with third lashing 

that the correlations are consistent and negative. While the genetic 

correlation& with weaning weight are variable in sign, those that 

differ signifie&ntly from zero were positive • Correlations with 

told score were an relatively low and tended to be negative. 

Having indicated which genetic correlations differ 

significantly from zero, it should be pointed out that they had to be 

of the order of t 0.7 to do to,  so large were the standard errors of 

the iMividual, ' c(- 	S. 

One sight have sufficient confidence in a correlation which 

differs sigidfioantly from sire to predict the direction of the 

change in one character to zelestion in the other. One would be 

less confident in predicting the magnitude of such a change. For 
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this r.ssc'* the estimates given in Table 3.2.2 oould only be regarded 

as provisional for the Travgis population; for the assessment of, 

for .zsl., seheass for indirectly selooting for inorssss 

r.prodnotivs p.rformsmee, more presise estimates of gen.tio oorr.lationa 

would be required, 
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Table 3.2.2 

Estimates of the genetia correlation between 
x'eprod.uotiye performance and other oharac tare 

Measure of 
reproductive and 

method of 

Other Character 

Clean Fleece Crimp Weaning Fold 
estimation Weight Frequency Weight Score 

Second Lambing 
E 	(us) -.1.10* .18 .26 -0.16 
L Bi 	(ifs) -1.00* .76' 1.1 -0,12 
L 	(DD) -0.83* -.33 -0.38 -0.33 

Lwj 	(DD) 0,5 .•13 015 -0.31 

Third Lambing 
E 	(ifs) -0.13 -.37 0,76 0.16 

L 	(ifs) 0.38 -.48 0.71 0.25 

LM 	(DD) 0,08 -.70* -0.06 .0.31 

L 	(DD) 0.19 
-054* 

-0.27 -0.17 

* P<,05 

HS = half-sib analysis of variance 

DD = daughter dam regression 



Comparisons of the Selection Flock* 

In Section 2.4 it was pointed out that the flocks differed 

in measures of ewe reproductive performance and an indication of the 

magnitude of these differences was given in Table 2.4.12. The aim 

here is to give a little more detail on this topic. It should be 

pointed out at the outset that any differences in flock reproductive 

performance could be due to differences in either ram or ewe 

fertility, a point well brought out in the study of the Folds -election 

flocks by Dun and Hamilton (1965). 

The March and April mated flocks have been compared 

separately. For each, two groups of matings were considered. In 

the first of these, flocks were compared between the year in which 

animals born in the selection flocks were first mated 0953  or  1954) 

and 1961, and then for the period 1962 and 1969.  The comparisons 

were based on the following characters, the number of ewes lambing of 

those Joined (Ew),  the number of lambs born per ewe Joined (Lu) and 

the number of lambs weaned per ewe Joined (La). In the first time 

period considered, information was included on ewes between 2 and 8 years 

of age (first to seventh mating); in the second only data on the first 

five matings were included. 

The flocks were compared by least squares analysis,  using 

the following model: 

u+fi+ aJ+ 7k+ faJ+eUk] 

where ii is the overall mean 

an effect due to the 	flock 
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aj 	
= an effect due to the j 

 th
age group of ewe 

Yk 	= an effect due to the 
kth  year of lambing 

fa 	= the first order interaction between flock and age of 

ewe, and 

is a random error term. 

The least squares means for the flocks are given in Table 3.2.3. 

There was significant variation among the March mated flocks in both 

time periods for all measures of performance. Differences between the 

Random and selection flocks cannot be attributed to selection, as the 

system of mating the flocks also differed, especially in the second 

time period. A more appropriate method of detecting the effects of 

selection is to compare the Plus and Minus flocks of a pair. Here 

the most obvious difference is between the Folds Pius and Minus flocks, 

with the Folds Plus flock being inferior to all of the other March 

mated flocks in both periods. In contrast, differences between the 

Weaning Weight flocks were small in both periods. 

There were no significant differences among the April mated 

flocks in the period 1 954 to 1961 • In the second period they showed 

significant variation for BLJ  and. L.  However, the flock x age of owe 

interaction was also significant for E, indicating that if correlated 

responses in this character had occurred, the effect was not equal for 

all lambings. In both periods the Fleece Minus flock was superior to 

the Fleece Plus; in LWj  the Fleece Minus flock was superior by 

respectively 175 and 12.3 per cent. On the other hand, differences 

between the Crimps selection flecks were not consistent in direction, 

although, in period 2, the Crimps Minus flock had an overall superiority 

in LWj  of 6.6 per cent. 
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Table 3.2.2 

Measures of ewe reproductive performance in the 

March and. April mated. flocks 

Measure of 
reproductive performance 

Ew L 

March mated flocks 
Period 1, 	1953 - 1961 

Random .789 .966 8G4 
Weaning Weight Plus .698 .752 .664. 
Weaning Weight Minus .665 .755 .661 
Folds Plus .715 .760 .677 
Folds Minus .792 .988 .895 

Period 2, 1962 1969 
Random .789 1.112 .982 
Weaning Weight Plus .762 1.139 .987 
Weaning Weight Minus .758 1.1442 .952 
Folds Plus .610 .824. .673 
Folds Minus .74.3 1,028 .895 

April mated flocks 

Period 1, 1954. - 1961 
Random .726 .768 .655 
Fleece Plus .722 .720 .590 
Fleece Minus .738 .753 .693 
Crimps Plus .770 .729 .64.5 
Crimps Minus .754. .731 .623 

Period 2, 1962 - 1969 
Random .820 1.123 .997 
Fleece Plus .715 1.019 813 
Fleece Minus .821 1.067 .913 
Crimps Plus .74.7 1.035 .854 
Crimps Minus .718 1.092 .910 
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Correlated responses in ewe reproductive performance 

Having established that the Plus and. Minus flocks of some 

pairs of selection flocks differ in ewe reproductive performance, 

the need then is to estimate the realised genetic correlation between 

ewe reproductive performance and the character under selection. 

For each of the three measures of performance, E, LM and LNJ 
 , the 

differences between the Plus and Minus flocks were calculated each 

year at each of the first five laiubinga. 	Cumulated selection 

differentials were obtained for each flock as the average of the 

unsoaled individual cumulated selection differentials for all ewes 

mated in that particular year, and then the values for the two flocks 

were summed., 

Estimates of the realised genetic correlation (r8) were 

obtained as: 

r  = (CR,Ji)/ C xj(Jh) 

where 	CRx = correlated response in reproductive performance (x) 

i 	r. the cumulated selection differential for the 

character under selection (character r) 

= the phenotypic standard deviation for the measure 

of reproductive performance (from Table 2.8.3, p • 166) 

= the realised, heritability to 6 generations of 

divergent selection (Tables 1.3.7, 1.3.10, 1.3.13, 1.3-15) 

and.hi = the heritability for the measure of reproductive 

performance (Table 2.8.). 
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The ratio (CR1/i) was calculated as a regression of divergent response 

in reproductive performance on cumulated selection differential. A 

sampling variance of the realised genetic correlation was obtained in 

terms of the sampling variances of the components of the ratio from 

which it was estimated, assuming the phenotypic standard deviation 

of X was known without error. 

Istimatea of the realised genetic correlations are given in 

Table 3.2.. Values have not been given for the correlated response of 

LWJ at first lambing, as the estimate of the heritability of this 

character was negative (Table 2.8.). A number of the estimates of the 

realised genetic oorrelationj differed significantly from zero. Only 

for the Folds selection flocks was the direction of the correlations 

consistent for all measures of reproductive performanos. The 

correlation between fleece weight and reproductive performance was 

negative for the early lambinga and then variable in sign. 

Uncop.cua selection for ewe reproductive performance in the 

single character selection flocks 

Pattie (1 965b) pointed out that the relative numbers of 

singles and twins chosen as replacements in the Weaning Weight selection 

flocks were not the same as the corresponding numbers available for 

selection. In the Weight Plus flock singles were chosen in preference 

to twins and the reverse was true in the Weight Minus flock. The 

reason for this directional if unconscious selection for birth type 

and hence for ewe reproductive performance was that the wearing weights 

of singles and twine were not equal and that prior to 1959 no type of 

birth corrections were applied to Weaning Weight before the selections 



Table 3.2.4 

stista2 of th. mused ,n.tcozre3jtioua btween chazote 
un4qr s.1toneM aegsux'a at gme riErodAtiy. porfprmano.1 

and. their stw4rd errors' 

Char-o 	under selection 

Fleece Crisp neaning Fold -  Reproductive 
Perforesno. Isight Fr.quenoy 'Weight Score 

5.0. z' s.e, r i.e. r s,e. 

First leabing 
Ij  -.33 .392 .52 .828 .22 .508 .18 .228 

Lwj 
-.38 

a 
.769 

a 
-1.4.6 2.985 .57 1.275 -2.29 4.800 

Second. lambing 
-.17 .123 .09 .103 -.04 .080 -.25 .163 

L Bi .16 .128 -.43 .448 -.12 .191 -.70 .700 
-.11,. .129 -26 .307  .01 .031 .69 .603 

Third lambing 
EU -.09 .065 .06 .04.9 .01 .020 -22 .121 

.10 .500 -.06 .076 .00 .003 -,2 .074 
-.01, .040 .0 .075 .00 ,010 ...330 .106 

Fourth Laing 
-.14 .119 .47 .282 .00 .008 .23 .215 

.149 .28 .576 -.02 .081 -.33 60 
te

-.01,. 
-.08 .140 .49 .70 .01 .102 .40 .535 

Fifth lambing 
.11 .188 .13 .186 .25 .411 -1.19 1.351 
.07 .098 -.18.168 .06 .067 -.2,6 .270 
.01 .061 -.06 .0%. -.04 .01,6 -.08 .205 

see text for explanation 

correlation a gnifiwatly different from, zero 
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were were made. 

Analyses have been conducted to estimate type of birth 

effects on the four characters under selection. Data from 964 hogget 

ewes in the March and April mated Random flocks were considered for an 

analysis of fleece weight and crimp data in which the effects of type 

of birth, age of dam and year of birth were examined in a least squares 

analysis, Singles produced more wool (6.40 v, 6.08 lb.) and the wool 

had more crimps (10.48 v. 10,26 cp.i); type of birth accounted for 

respectively 1,0 and 0.3 per cent of the total variation in the two 

analyses. 

Weaning Weights on 1533 lambs in the March Random flock were 

used to examine the effects of type of birth, sex, age of dam and year 

of birth. The wearfng weights had previously been adjusted for age, 

on weaning weight itself and not gain from birth to weaning. Singles 

were 13 per cent heavier at weaning (51.1 v. 45.2 lb.) and type of birth 

accounted for 6.J+ per cent of the total variation in the character. 

In a corresponding analysis of akin fold, data on 870 lambs 

born in the March Random flock between 1951  and. 1961, three measures 

of fold score were considered., neck, neck and side, and neck and side 

and. breech. Averaged over the three characters, singles were 19 per 

cent more wrinkled than twin born lambs and type of birth accounted 

for an average of 3.5  per cent of the total variation. 
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Clearly the characters recorded at weaning were nore 

effected by type  of birth effects than wer, either clean fleece 

weight or crisp frequency. Correspondingly, it sight be expected 

that there would be poorer agreesent between the proportion at twins 

available .M selected in the Folds and Weanift Teight flocks. 

Figures for the mabers of twins available for Selection and chosen 

for mating in the Weaning '4. ight flooks between 1953 aM 1961 were 

given by Pattie (1 965b) • Even after type of birth corrections were 

applied, a higher propoetion of twine were selected for the Weaning 

Weight Minus flock than would be expected tz'oa the umber. available 

(Table 3.2.5). Per the Polda selection flocks, twins were 

preter.ntisl]y selected in the Folds Minus flock, end disor41n&tad 

against slightly in the Folds Plus flock; a situation that would be 

expected given the relative performance of singles and twins for .fr-v' 

told scar.. No such clear out distinctions between a pair of 

selection flocks were apparent for the Pleec. and Crisp* poups, 

although there was a consistent preference for singles in the Crisp. 

Plus flesh. 

The sa1jor interest in this Section is in the cosparison of 

estimated and. realised genetic correlations. The most obvious 
J.i 

agreement ótween clean fleec. weight end reproductive performance. 

Selection for increased fleece weight would be .xpeoted to dore*a. 

performance at second lambing and to perhaps increase it slightly at 

third lashing, and these changes were observed.. The agreement 

between the two sets of estimates in this instancim suggests that 
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Tsble 3.2.5 

j 	R:h 11!  17- I) 	 i iJ A!1 
Ei I 

Laas Ewes 

or 	o f of et'. of 
flook available solsoteLt available s.leot..L 

hog.ts ho.ts hogpta hoets 
born born born born 
twins twins twins twins 

eight Plus 51.5 55.2 546 - 52.3 

eing deit v imust 55.9 63.0 52.8 54.1 

Polds Plus 290 24,6 33,9 33.9 

'Folds Minus 46.5 50,7 50.7 5506 

l. 	Plus 27,8 28,8 30.1 29,6 

Pls.o. Minus 22,3 24,4 24.2 23,8 

Cris Plus 23,1 20.3 2519 22,3 

Crimps Minus 291 38,7 38.9 

Numbers given refer to boggets born in years in ithish 

typ* of birth oorveotions were applied prior to s.lestion, 

i.e. for sating. between 1961 WA 1969, 
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this pattern of association is reel and probably worthy of study so 

as to elucidate a physiological mechanism for its occurrence. It 

was concluded earlier that pertorma'oo .t different laabi.ngs could not 

simply be regarded as different measures of the seas character, In 

the sense that the heritability estimates differed, and this view 

weizid be strengthened it genetic correlations do behave in the way 

suggested for fleece weight. 

The most consistent observed change in reproductive 

performance is in the folds selection flocks, with the Folds Plus 

flock being inferior at each of the first five lambings. From the 

estimates given in Table 3.2.20  the changes observed in second lambing 

performance would be expected, and this trend would be reinforced by 

the selection against twins in the Folds Plus flock, However, it 

has already been pointed out that these differences in performance 

between the Folds Plus and Minus flocks have been attributed by Dun 

and Hamilton (1965) to differences in rem and not ewe fertility. 

Nevertheless, the estimates of genetic correlations, at least with 

performance at second lambing,, along with corresponding estimates 

obtained by Young, Turner and Dolling (1963),  suggest that selection 

for increased akin fold would lead to reduced ewe fertility. 

The agreement between estimated and realized genctia 

correlations is less impressive for crimp frequency and weaning weight. 

As regards the latter, this is perhaps not surprising given the 

history of twin selection in the years up to 1961 (Patti., 1965b), and 

the fact that in estimating genetic correlations, no type  of birth 

corrections were applied to weaning weight. The pattern of selection 
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in both the weaning weight and folds selection flocks emphasises the 

need for a clear understanding of the factors which account for an 

appreciable portion of the phenotypic variation, before selection 

experiments such as this oommenoe. This is especially true as it i's 

in the expression of correlated responses, either unexpected or which 

might offer & physiological explanation of the direct responses, that 

such flocks have proved to be perhaps most rewarding and interesting 

(Fowler, 1966; Williams, 1973). 

The heritability estimates for ewe reproductive performance 

in the Random flocks (Table 3.2.1) are similar to those given in 

Tables 2.6.2 and 2.8.4, for which data from all 10 flocks were 

examined. The similarity of these estimates supports the view that 

the estimates given in Section 2.8 are representative of the Trangie 

population and the fact that they are lower than the estimates of 

Young, Turner and Dolling (1963)  would not seem to be accounted for 

simply as the result of the artificial selection experiment at Trangie. 

Finally, the finding of significant flock x age of ewe 

interactions for reproductive performance indicates another of the 

difficulties encountered in using data from selection flocks to 

estimate some parameter or statistic for the population as a whole. 

However, in this instance, it appears unlikely that the association 

between age of ewe and reproductive performance has altered to any 

great extent the overall relationship in the Trangie flock, if only 

because the relationship observed is similar to that reported 

elsewhere (Section 2.2 ). 
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Table Al 

for clean fleece weight in establishing 
the Pl..ø. Plus and Fleece Minus flock 

Mean of No • 	
selected Population 

chosen 	 asan 	Deviation  
fliRIL1 5 

fleece Plus 	Raas 

Born in 1919 5 9,70 7.56 2.14 
" 1950 6 13.02 10.22 2.80 

Fleepe Plus 	- Ewes 

Born in 1948 10 7,66 6.75 0.91 
" 1949 6 6.68 6.97 .0,29 
" 1950 61. 5.18 4.75 0.43 

1951 21 6,90 6.10 0,80 

Fleece Minus - Rams 

	

Born in 199 	 5 	5,48 	756 	-2,08 

	

1950 	 5 	6,62 	10,22 	-3.60 

Fleece Minus - Ewes 

Born in 1948 14 5.91 6,75 -0.84 
1949 6 5.66 697 -1.31 
1950 61 4..45 4.75 -0.30 
1951 21 5.58 6,10 0,52 



Table A2 

Selection differentials for oriafreguenoy in etabliahing 
the Crimps Plus ath Minus flocks 

No • 
Mean of Population 

chosen selected mean Deviation 
s&ni1a 

Crimps Plus - Rams 

Born in l919 5 16,60 12.4.0 4.,20 
" 	" 	1950 5 14.00 9.55 

Crimps Plus - Ewes 

Born in 1948 12 11.50 10.56 0.94. 
" 	" 	194.9 12 12.36 10.71 1.65 

1950 59 12.96 11.62 1.34. 
" 	1951 28 9,63 8.76 0.87 

Crimpp Minus - Rams 

Born in 1949 5 8.00 12.40 -4.40 
1950 5 7.00 9.55 -2,55 

Crimps Minus - Ewes 

Born in 1948 13 969 10.56 -0,87 
N 	ft 	191+9 8 9,38 10.71 -1.33 

" 	1950 61 10.33 11.62 -1.29 
N 	N 	1951 17 7.59 8.76  -i•27 



Table A3 

Selection differentia for age oorreoted weaning waight in 

establishing the Weight Plus and Weight Minus flooks 

Mean of Population 
ohosen 	 mean aeleoted 	 Deviation 

animal  a 

Weaning Weight Plus Rams 

Born in 1949 

Weaning: Weight Plus - Ewes 

Born in 1944 

'I 1945 
1946j' 

" 1947 
1948 
1949  

	

5 	81.40 	70.9 	+10.5 

	

7 	- 	- 	- 

	

9 	 a 

	

13 	- 	- 	- 

	

28 	61.2 	56.7 	+4.5 

	

14. 	50.8 	45.3 	+5.5 

	

27 	61.6 	57.4. 	+5.2 

Weaning Weight Minus - Rams 

Born in 194.9 
	

5 	59.7 	70.9 	-11.2 

Weaning Weight Minus - Ewes 
L 

Born in 1944. 
L 

" 	194.5' 
1946 "L  

" 1947 
" 1948 

1949  

	

3 	a 	 S 

	

9 	a 	 a 	 a 

	

13 	- 	- 	- 

	

28 	48.2 	56.7 	-8.5 

	

18 	37.8 	4.5.3 	-7.5 

	

28 	52.5 	57.4. 	-4.9 

f 	Body weights not available for these years. 



Table à4 

Selection differentials for skin fold score in 

establish&& the Folds Plus nd Folds Minus flocks 

No. 	Mean of Population 
chosen soleotod 	 Deviation 

animale 
	

mean 

Folds  Plus Rama 

Born in 1949 5 7.80 3.90 3.90 

Folds Plus - Ewes 
L 

Born inj944'  
ft 	ft19451 7 - " 	1946 15 - - - 

" 	1947 30 4.07 2,80 1,27 
" 	1948 23 4.74 3.11 1.63 

1949 11 5.73 3.35 2.38 

ftoUs Minus - Rams 

Born in 1949 5 1,20 3.90 —2.70 

Folds Minus - Ewe 

Born inj944 6 - - - 
" 	1945 k  10 - - - 
ft 

 
1946 18 - - - 

" 	1947 27 1.93 2.80 -.0.87 
" 	1948 21 1.81 3.11 -1.30 

1949 14 2.00 3.35 —1.35 

1 	Fold scores not available for these years 



Table A5 
Seleotionrentisls imposed in the Fleece Plus flook 

Rams Ewes 

Year Number of Number 
of Number of Number  

Rn(rala Deviation _____ animals of 
animals Deviation 

available 
chosen available 

chosen 

1952 20 5 0,88 22 12 0.66 

1953 29 5 1,61, 32 14. 0,60 

1954 23 5 1.12 48 6 0.94. 

1955 22 5 1.34. 22 8 0,92 

1956 38 5 1.79 33 7 1.11 

1957 29 5 0.67 24. 17 0,16 

1958 23 5 1.01 15 11 0.29 

1959 27 5 1.99 30 20 0.21 

1960 19 6 +1.55 24. 16 0.37 

1961 24. 5 0.96 23 17 0.4.1 

1962 39 5 1.31 37 20 0.33 

1963 34. 5 1.61 39 15 0,60 

19614. 4.6 5 1.55 30 13 -0,11 

1965 25 5 1.58 39 25 -0.17 

1966 35 6 1,09 39 12 0.41 

1967 33 5 1,21 30 6 01,04. 



Table A6 

Selection differentials ioeed in the Fleece Minus flook 

Rams 	 Ewes 

Year Number of Number Number of Number 
animals Deviation animals 

1 5 
Deviation 

available chosen available chosen 

1952 20 5 -0.97 18 11 -017 

1953 30 5 -1.4.6 36 20 -0.71 

1954. 34 5 -1.07 29 14 -0.38 

1955 4.1 5 -2.28 29 9 -1.30 

1956 35 5 -1.69 4.3 5 -1.27 

1957 29 5 -1.10 32 12 -0.68 

1959 24 5 -1.86 22 12 -0.72 

1959 24 5 -1.4.9 4.1 18 -0.83 

1960 39 5 -2.21 22 11+  -0.31 

1961 29 5 -1.23 33 22 -0.30 

1962 28 5 -1.70 46 23 -0.81 

1963 38 5 -1.33 28 20 -0.27 

1964 33 6 -0.79 31 11 +0.12 

1965 35 5 -1.88 35 20 -0.24 

1966 35 5 -1,20 47 13 -0.48 

1967 33 5 -0,79 33 10 -0101 



Table A7 

Selection differentials in the Crimps Plus flock 

Rams Ewes 

Year Number of Number of Number of Number of 
n(la animals Deviation animals animals Deviation 

available chosen available chosen 

1952 16 5 1.19 21 15 0.73 

1953 25 5 3,40 27 15 1.69 

1954 26 3 4,4.3 25 13 1.10 

1955 31 5 1.88 21 12 0.81 

1956 25 5 2.20 24. 16 1.04 

1957 23 5 2,16 25 13 1.62 

1958 23 5 2.18 24. 20 0.67 

1959 37 5 2.72 27 18 1.51 

1960 31 5 2.84 23 19 0.41 

1961 28 5 2,34. 26 23 0.86 

1962 35 5 2.11 37 20 1.12 

1963 34. 5 2.97 44 29 0.39 

1964 38 5 3.33 40 25 0.55 

1965 37 5 2.82 54. 24. 1.55 

1966 50 5 3.64. 44 20 1,72 

1967 44 5 2.62 51 18 1,4.0 



Table AS 

Selection differentials in the Crimps Minus flock 

Ram Ewes 

Year Number of Number of Number of Number of 
animals animals Deviation animals animals Deviation 

available chosen available,  chosen 

1952 16 5 -1.31 22 20 -0.02 

1953 25 5 -2.50 33 32 -0.07 

1954 24 3 -1.67 31 18 -1.31 

1955 26 5 -1.96 28 6 -2.35 

1956 34. 5 -2.35 25 9 -1.26 

1957 38 5 -1.83 28 11 -1.59 

1958 22 5 -1.84. 31 13 -1.54 

1959 32 6 -2.08 38 13 -1.81 

1960 21 5 -2.60 38 20 -1.52 

1961 22 5 -1.45 36 30 -1.37 

1962 47 5 -1.84 43 32 -087 

1963 46 5 -1.55 44 19 -0.95 

196i. 39 5 -2,61g. 38 21 -0.88 

1965 31 5 -0.97 29 24. -0.16 
1966 30 5 -1.07 47 19 -1.25 

1967 49 5 -2.35 4.2 22 -0,68 



Table A9 

Selection differentials imposed in the Weaning Weight Plus flock 

Rams Ewes 

Year Number of Number 
of Number of Number  

animals 
available 

__ Deviation animals of 
animals Deviation 

chosen available chosen 

1951 38 5 12.65 35 30 1.15 
1953 30 5 11.89 29 18 2.40 
1954. 34. 5 8.4.6 35 17 4.07 

1955 28 5 -1.30 31 22 1,49 
1956 14 5 3,07 9 6 1.28 

1957 39 5 13.4.7 37 19 209 
1958 36 5 19.23 44 18 8.10 

1959 27 5 10,86 28 16 4.32 
1960 34. 5 9.69 39 25 2.90 
1961 28 5 7.51 34. 17 2,90 
1962 42 5 10.80 48 22 5.60 

1963 19 5 6.19 20 14 3.10 
1964. 47 4.2 1,27 

1965 30 5 10.68 37 13 1.56 



Table MO 

Selection differentials iaposect in the Weaning Weight Minus flock 

Rams Ewes 

Year Number of Number 
of 

-- 	
-Number of Number 

animals animals Deviation animals of 
animals Deviation 

available chosen available chosen 

1951 30 5 -5.62 39 35 +0.01 

1953 31 5 -8.16 31 16 -2,_74 

1954. 4.1 5 -14.65 48 10 -6.90 

1955 33 5 -7.51 32 23 -0.33 
1956 10 5 -2.96 16 12 +2.58 

1957 4.5 5 -13.00 37 12 .4.23 
1958 45 5 -'14.10 40 24. -2.96 

1959 21 5 -8.14. 27 13 -5.53 
1960 30 5 -7.10 37 23 -2.15 
1961 25 5 -7.72 28 7 +0.62 

1962 4.7 5 -10.19 52 33 -1.63 

1963 18 5 -7.16 25 19 -2.07 
1964 42 34. +1.09 

1965 42 8 -5.80 43 8 +2.24. 



Table MI 

Selection differentials imposed in the Fo].tls P].ua flock 

Rams Ewes 

Year Number of Number 
Number of Number  

animals of 
animals Deviation animals mej5 of 

animals Deviation 
available chosen available 

chosen 

1951 11 5 +1.04 39 37 -0,10 

1953 18 5 +5.33 26 20 +1.13 

1954 21 5 +8.48 34 21 +1.10 

1955 18 5 +4.44. 28 19 +0.05 

1956 11 5 +4.89 9 8 +0.35 

1957 30 5 +807 28 19 +2.43 

1958 33 5 +7,33 35 29 +0.79 

1959 10 5 +1.90 26 19 +2.13 

1960 25 5 +6.06 26 21 +1.66 

1961 18 5 +3.72 27 14 +2.66 

1962 21 5 +2,57 11 11 0.00 

1963 31 5 +4,02 35 28 +1.20 

1964  22 5 +2.66 29 27 0.19 

1965 39 5 +565 32 17 +0.02 

1966 5 5 +000 7 6 +0,97 

1967 19 5 +3,06 20 20 0,00 



Table Al2 

Selection differentials imposes in the Folds Minus flook 

Rams Ewes 

Year Number of Number 
of Number of Number  

animals Deviation of 
animals Deviation 

available chosen available chosen 

1951 12 5 01.23 62 4.6 -0.83 
1953 42 5 -2.33 4.1 9 -2.06 

1954 42 5 -3.27 4.2 12 -.2.18 

1955 4.2 5 -2.16 40 26 -0.50 
1956 18 5 -1.34. 17 14. +0.42 

1957 4.6 5 -1.78 4.9 17 -1.29 

1958 4.9 5 -3.22 59 26 -1.86 

1959 35 5 -1.60 36 20 -0 • 71 

1960 4.6 5 -2,75 4.2 26 -1.26 

1961 28 5 -2.64. 28 16 -0,82 

1962 29 5 -2.01 31 22 -0.67 

1963 4.6 5 -1.57 4.0 21 -1.03 

1964 50 5 -2.10 38 25 -0.83 

1965 30 5 -0.90 28 17 -0.08 

1966 34. 3 -1.18 38 19 -0.61 

1967 4.1 5 -0,46 32 15 -0.69 



Table Al 3 

Fleece Weights for Rama in the April Random Flook 

Year Number Mean Variance S.D. C of V Skewness Kurtosis 

1952 2 7.10 2.00 1.4.1 19.9 0.00 0.25 

1953 12 8.16 1.96 1.4.0 17.1 -0.03 1,81 

1954 35 5,39 0.41 0.64 11.9 -0.37 2.47 

1955 26 7.90 2.16 1.47 186 -0.06 2.73 
1956 33 6.66 0.76 0.87 13,1 -000 2,38 

1957 35 7.32 0.71 0.84 11.3 -1.06 5.79 
1958 23 9.00 3.48 1.87 20.7 0.29 2.27 

1959 26 9.99 1.83 1,35 15,1 0.10 2.29 

1960 12 8.24 1.64. 1.28 15.6 0.40 1.76 

1961 17 7.15 1.27 1.13 15,8 0,13 2.33 
1962 42 8.48 1.21 1.10 130 035 4.18 

1963 36 7.61 1,76 1.33 17.4 -0.43 2.64. 

1964. 38 3,94. 0.44 0.67 16.9 0.52 3.30 

1965 27 7.37 1.19 1.09 14.8 -0.05 248 

1966 31 6,77 1.95 1.39 20,6 ..027 2.95 
1967 30 3.56 0.37 0.61 17.0 0.16 2,42 

19 26 7.19 1.43 1.19 16.6 -0.14 281 

TCTALS 431 7.11 1.30 1.14. 16.0 -0.02 3.54 



Table A14 

Fleece weight reoord.s for ewes in theRandom flocks 

Year Number (san Variance 	SD 	C of V Skewness Kurtosis 

1952 25 6.98 0,55 0,76 10,6 0111 2.55 

1953 24. 8.09 0.86 0.92 11.4. -0.12 2,19 

1954 26 5,06 0.43 0.65 12.9 0,13 1,73 

1955 30 7.87 0184. 0,92 11,6 0.82 3.92 

1956 34. 5.60 0.61 078 14.0 -0.12 3.32 

1957 33 6.28 0.50 071 11.3 0.16 3.44. 

1958 25 6.91 0.89 0.94. 13.6 -0,95 491 

1959 42 7.70 1,02 1.01 13,1 0,30 2.4.7 

1960 35 7,20 0.58 0.76 10.6 -0.4.6 2.71 

1961 40 6,29 0,86 0,93 14.8 0.22 1.98 

1962 41 7.57 0.89 0.94. 12.4. 0.26 2,60 

1963 54 6,68 0,83 0,91 13,6 0,70 4.05 

196. 42 4.14 0.53 0.73 17.6 -0.18 2,35 

1965 41 6.83 1.01 1.00 14,7 -0.46 3,33 

1966 38 5.81 0.62 0.79 136 0.22 2.27 

1967 40 331 0,43 0.66 19.8 0.14 3.4.7 

1968 43 6.77 0,83 0,91 13,4 0,30 352 

TOTALS 596 6.42 0,73 0.86 13,3 0,11 3.28 



Table A15 

!eoe weights for rams in the Fle.oe Plus flook 

Year Number Mean Va.rieno. 

1952 20 8.62 1.17 

1953 29 8.66 1.89 

1954 23 6.40 0.77 

1955 22 9.70 1.77 

1956 38 7.71 1.18 

1957 29 8.29 1.23 

1958 23 10.85 1,63 

1959 27 10.4.9 2.07 

1960 19 9.43 2,30 

1961 24, 9.38 108 

1962 39 9.23 1.18 

1963 34. 9.27 1.04 

1964. 4.6 4.47 0.64 

1963 25 8,54. 3,47 

1966 35 7.73 183 

1967 33 3,36 0,36 

1968 13 9.09 2.96 

SD C of V Skewness Kurtosis 

1.08 12.6 .0,23 3,40 

1.37 15.9 -0.36 2,14. 

0.88 13,7 0,18 2.81 

1.33 13.7 0,08 2,55 

1.09 14.1 0.18 2.54. 
1.11 13.4. 1.4.3 6.14 

1.28 11.8 0.20 2.25 

1.44 13.7 0.08 1.61+ 

1,52 16.1 -0,60 237 

1.09 11.6 -0.20 2,50 

1.09 11,8 -1,08 5.30 

1.02 11.0 0,19 2,54 

0180 17.9 0.48 3,08 

1,86 21,8 -1.32 4.22 

1.35 17.5 -0,30 312 

0.60 17.8 014.4. 3.82 

1.71 18,9 -0,38 2,37 



Table A16 

Fleece weiEt reoorda for owe* in the fleece Pu flock 

Year Nuiaber Mean Variance 	SD 	C of V Skewness Kurboaia 

1952 22 7.4.7 1.28 1.13 15.2 -007 3,05 

1953 32 7.65 3.22 1.80 23.5 0.23 1.53 

1954 48 5.76 0.44. 066 115 008 2,48 

1955 22 8.27 0.86 093 11.2 -0.00 3.02 

1956 33 6.05 0.79 0.89 14.7 -0.03 2.16 

1957 24 7.61 1.19 1.09 14.3 0.01 2,33 

1958 15 8.36 1.99 1.41 16.9 0.17 2,03 

1959 30 8.45 1.32 1.15 13.6 -0.34 2.65 

1960 24 8.04 0130 0.71 8.8 -0.49 2.26 

1961 23 7,81 1.33 1.15 14.8 -0.12 2.54 

1962 37 8.59 085 0.92 10.7 0.06 3,00 

1963 39 7.73 0.81 0.90 11.6 0.07 2.45 

1964 30 4.81 0.30 0.54 11.3 0.44. 2.03 

1965 39 8.12 0.98 0,99 12.2 .0.02 2,58 

1966 39 6.70 1,03 1,01 15.1 0,06 5,03 

1967 30 3.53 0.48 0,69 19,6 0.44 2.29 

1968 17 7,73 1.38 1.26 16,3 -0,41 3.87 



Table A17 

Fleece wehit results for ram in the Fleece Minus flock 

Year Number Mean Variance S.D. C of V Skewness Kurtosis 

1952 20 7.29 1.08 1.04. 14.2 0,95 4.05 

1953 30 7.30 1.34. 1.16 15.9 0.33 2,02 

1954 34. 5.07 0,66 0.81 16,1 0,06 2.53 

1955 4.1 7,88 1.93 1.39 17.6 -0.15 2.37 

1936 35 5.99 1.11 1.05 17.6 -0.09 3.22 

1957 29 6.22 0,71 0,85 13,6 0,35 398 

1938 24. 6.72 2.01 1.42 21,1 0,09 2.60 

1959 24 7.01 1.78 1.33 19.0 0.48 2.09 

1960 39 6,4.1 2,61 1,62 25,2 0.51 2,94. 

1961 29 561 1.02 1.01 17.9 0.13 1.89 

1962 28 6,22 1.69 1.30 20.9 0,58 3.01 

1963 38 4,99 1.20 1.09 21.9 0104. 3.17 

19 33 2.59 0.4.5 0.67 25.9 0.32 2.06 

1965 35 462 1,29 1.14. 24,6 -005 2,25 

1966 35 4.22 0.75 0,87 20.5 0.16 2.23 

1967 33 2.19 0.56 075 34.1 0.4.0 3.17 

1968 39 4.14 0,84. 0,92 22,1 0,28 2.78 



Table A18 

Fleeoe weight reoord.a for owes in the Fleece Mims tlook 

Year Number Mean Variance SD C of V Skewness Kurtosis 

1952 18 6.29 0,79 0.89 14.1 -028 2.02 

1953 36 5.85 1,78 1.33 22,8 0.4.3 2.89 

1954 29 4.62 0,35 0,59 12.8 0.25 2,4.7 

1955 29 6.30 1.35 1.16 18,5 -.0.09 2,58 

1956 4.3 4.97 0.54 0.73 14.7 -0.05 2.82 

1957 32 5.4.6 0.67 0,82 15.0 -0,03 2,07 

1958 22 5.18 1.05 1.03 19,8 0,4.5 298 

1959 41 5.74. 1.36 1.17 20.4. 0.22 2.63 
1960 22 5.36 1.73 1.32 24,5 0.17 2.62 

1961 33 4.51 1.00 1.00 22,2 -0,32 3,90 
1962 46 5.45 1.68 1,29 23.8 0.32 2937 

1963 28 4.26 0.68 083 19.4 -0.98 4.73 
1964. 31 3.31 0,35 0.59 179 1,37 6.03 

1965 35 4.54. 0,93 0.96 21,3 0.78 5,69 

1966 4.7 3,4.5 0,38 0.62 18.0 0,51 2.73 

1967 33 2,38 0,21 046 19,3 0,01 2.12 

1968 42 4,28 1,54. 1.24 29,0 0,62 3,45 



Table A19 
Crimp frequency results for rams in the April Random Flock 

Year Number Mean Variance Standard 
Deviation 

Coefficient of  Variation 

1952 13 11.39 3.4.2 1.85 16.2 

1953 18 11.78 5.81 2.41 20.5 

1954. 21 11.29 6.50 2.55 22.6 

1955 25 10.52 4.33 2,08 19.8 

1956 32 11.84. 2.59 1.61 13.6 

1957 36 10.08 2.40 1.55 15,4. 

1958 26 9.89 3.72 1.93 19.5 

1959 26 10.89 6.20 2.4.9 22.9 

1960 12 11.58 5.90 2,4.3 21,0 

1961 24. 11.17 4.67 2.16 19,3 

1962 4.0 9,48 4.24. 2.06 21,7 

1963 37 9.31 3.76 1.94. 20,4. 

1964 38 12.74 6.25 2.50 19.6 

1965 45 9.76 4.80 2.19 22.4. 

T0TILS 393 10.70 4,49 2,12 19.8 



Table A20 

Criap frequency records for ewes in the April Random flook 

Year 	Number 	Mean Variance 	SD 	C of V Skewness Kurtosis 

1952 25 11.16 1.97 1.40 12.6 -0.01 2.02 

1953 24. 10,38 2,24 1.50 14.4. 0.05 1.93 

1954 26 10.58 4.01 2.00 18.9 -0.07 2.06 

1955 30 10.63 2,4.5 1.56 14.7 -0.03 3.14 

1956 34 10.82 3.85 1.96 18.12 -0.30 2.94 

1957 33 8.79 2.17 1.47 16,8 0.4.1 2.19 

1958 26 10.23 1.46 1.21 11.8 0.61 2.16 

1959 42 10.69 4.90 2.21 20.7 -0,04 2.66 

1960 35 11.40 1.36 1.17 10,3 0,07 2.22 

1961 40 10.50 2.92 1,71 16,3 -0.18 1.82 

1962 40 10.57 2.4.6 1,57 1418 0,16 2.16 

1963 54 9.26 2.87 1,70 18,3 1,38 5,83 

1964 42 11.88 5,08 2,25 190 0,17 1,94 

1965 4.1 9,54 2.80 1.67 17.6 0.89 3.99 

1966 38 9.76 2.29 1.51 15.5 -0.11 1.72 

1967 40 10.38 2.45 1.56 15.1 0.52 2,65 

1968 4.3 10.56 4.92 2.22 21.01 0.24. 2.66 

TOTALS 596 10, 2.2 305 1,75 16,8 0.23 3.06 



Table A21 

Crimp frequency records for rams in the Crimps Plus flock 

Year Number Mean Variance S.D • C of V Skewness Kurtosis 

1952 16 10.81 1.90 1.38 12.7 -.0.26 2.34. 
1953 25 13.20 6.50 2.55 19.3 0.21 2.31 
1954. 26 13.27 5.56 2.36 17.8 1.01 2.61 

1955 31 11.52 3.32 1,82 15.8 0.29 2,28 
1956 25 12,60 2,67 1,63 13.0 -0.14. 1.92 
1957 23 11.04. 3.23 1.80 16.3 -.0111 3.06 
1958 23 11.22 3.4.5 1.86 16.6 .0,38 2,49 
1959 37 13.68 5.61 2.37 17.3 -0.48 2.09 
1960 31 13.16 4.21 2.05 15.6 -0.82 6.21 
1961 28 13.4.6 5.00 2.24 16.6 -0.61 3.51 
1962 35 12.89 2.4.6 1.57 12.2 .0,13 1.75 
1963 34. 13.03 4,4.5 2.11 16.2 -0.24. 2.28 
196 38 16.87 5,36 2.32 13.7 -0,67 3,85 

1965 37 14,38 5.91 2.4.3 16.9 -1.31 5,12 
1966 50 14,36 4.63 2.16 15.1 0.25 2,99 
1967 44. 14.18 4,66 2.16 15.2 -0.93 4,4.5 



Table A22 

Crimp frequency records for ewes in the Crimp Plus flock 

Year Number Mean Variance 

1952 21 11.57 4.16 

1953 27 11.93 3.53 

1954. 25 11,36 3.41 

1955 21 12,57 4.4.6 

1956 24 12.96 2.82 

1957 25 10.76 7.02 

1958 24. 11.38 4.77 

1959 27 13.67 6.62 

1960 23 13.22 3.63 

1961 26 13,38 3,29 

1962 37 12.78 4.34. 

1963 44 12.48 5.32 

1964. 40 16,95 2.4.6 

1965 54. 13,80 4.09 

1966 44. 15.93 5.4.6 

1967 51 15.57 4.1+1 

1968 42 15.93 4.58 

SD C of V Skewness Kurtosis 

2.04 17.6 0.26 2.02 

1.88 15.8 1.07 4.96 

1.85 16.3 0.71 2.75 

2.11 16.8 0.24. 2,14. 

1.68 13.0 0.01 1.91 

2,65 24.6 0.12 1.83 

2.18 19.2 -0.37 2,80 

2.57 18.8 -0.31 2.50 

1,91 14.4 005 3.21 

1.81 13.5 0.22 3.03 

2.08 16,3 -0,53 4.13 

2.31 18.5 -0.50 2.69 

1.57 9.3 0.04. 3.29 

2.02 14.7 -0.52 3.28 

2,34 14.7 -1.83 8.38 

2.10 13.5 -0.37 1.81, 

2.14,. 13.4 -1.31 5.37 



Table A23 

Crimp frequency records for rams in the Crimps Minus flock 

Year Number Mean Variance S.D • C of V Skewness Kurtosis 

1952 16 7.71 1.76 1,33 17.2 0.49 1.83 

1953 25 9.83 4.84 2,20 22.4 0.53 2.63 

1954. 24 9.67 1,88 1.37 14.2 0,68 2.68 

1955 26 7.96 2.4.1 1.55 19.5 0.63 2.99 

1956 34. 9.35 3.21 1.79 19.1 0,16 2,30 

1957 38 7,03 2.84 1,68 24.0 0,52 3,33 

1958 22 7,64 3.19 1,79 23,4 0.72 2.80 

1959 32 8,36 3.57 1,89 22.6 0,48 2,97 

1960 21 7.95 4,16 2,04 25,6 0.74 4,92 
1961 22 7.45 1.84 1,36 18.2 1.00 3.4.0 

1962 47 7.05 5.37 2.32 32,9 1.51 5.63 

1963 46 6.15 101 1.23 20.0 -0.00 2.86 

1964 39 8.64 2.03 1.4.2 16.5 -0.18 3.08 

1965 31 5.74 0.66 0.81 14.2 0.88 3.16 

1966 30 5,87 3.71 1.93 32.8 2.51 10.92 
1967 4.9 7.4.2 3,79 1.95 26.2 0.63 3.49 



Table A24 

Crimp frequency records for ewes in the Cr3ap Minus flock 

Year Number Mean Variance S.D. C of V Skewness Kurtosis 

1952 22 8,59 2,44 1,56 18,2 0.16 2,29 

1953 33 9.70 4.53 2.13 22.0 0,40 2.90 

1954 31 8.06 3.66 1.91 23.7 0.57 2,49 

1955 33 8.85 2.88 1.70 19,2 -0.07 2.11 

1956 25 8,48 2,43 1.56 18.4 0,23 2.37 

1957 28 7,32 2.1.5 1,56 21,4 0.10 1.87 

1958 31 8.77 2,45 1,56 17.8 0.01 2.04 

1959 38 7.50 3.93 1.98 26,4 1.05 3.69 

1960 38 8,42 4.63 2.15 25.6 0.68 2.63 

1961 33 7.18 1.84 1,36 18.9 063 3.42 

1962 43 7.16 2,57 1,60 22.4 0.72 337 

1963 45 6.27 1.43 1.19 19,1 0.27 2.01 

1964 28 8.50 2.85 1.69 19.9 0.33 2.72 

1965 29 5.72 0,78 0.88 15.4 0.23 1.77 

1966 47 6.36 4.06 2.02 31.7 2.99 1.38 

1967 43 6,95 1.38 1.17 16.9 0.09 2,77 

1968 29 7,01 6.86 2.61 37.2 1.02 5.26 



Table A25 

Summary of age and type of birth corrected weaning weight records 

for ram a in the March Random flook 

I • 	Age adjustment applied to weaning weight 

Year Number Mean Variance SD C of V Skewness Kurtosis 

1951 13 43,69 56.35 7.51 17,18 -0.39 1,63 
1953 48 46.14 53.42 7.31 15.84 .0.59 2,96 

1954 48 66.87 110.31 10.50 15.71 0.19 2.73 
1955 33 76,23 72.96 8.54 11.20 -0.51 2.75 

1956 18 61.89 38,04 6.17 9.97 -007 2.01 
1957 4.5 60.19 62.88 7,93 13.17 0,35 2.32 

1958 61 66.59 74,73 8.64. 12.96 -0.14 2.27 
1959 30 59,87 108.47 10.41 17.40 -0,31 3.39 

1960 4.3 52.21 58,99 7.68 14.71 0.68 4,72 
1961 37 47.14 36.614 6.05 12.84 0.30 4.67 

1962 55 49.37 44,45 6.67 13.50 -0,87 4109 
1963 49 58,98 6,4.3 8.03 13.61 -0.31 3.08 

1964. 4.1 56.24. 36,50 6,01 10.74 0,43 3.52 
1965 39 40.81 25.63 5.06 12. 4.1 0.79 4.19 

1966 614. 53.17 53.60 7,32 13.77 0.74 5,05 
1967 4.7 54.78 34.70 5.89 10.75 -0.29 2.23 

1968 50 47,69 45.38 6,74 14.13 0.33 2.82 
1969 4.9 43.68 74.46 8.63 19.73 -0.92 3,96 

TOTALS 770 54,75 58.83 7.67 14.01 -0,08 3.64. 



Table A26 

8mraz'Y of age and tipe of birth corrected weaning weight records 
for ewea in the March Random flock 

I • Age adjustment applied to weaning weight 

Year Number Mean Variance SD C of V Skewness Kurtosis 

1951 46 42.54 35.92 5.99 14.09 004. 2,90 
1953 40 4.3.65 51.04 7.14 16.37 -0.22 2.32 

1954. 48 51.85 111.89 10.58 20.40 0.91 4.59 
1955 35 56,41 40,92 6.40 11.34 -0.69 2.77 

1956 14 57.73 44,21 6.65 11.52 0.35 1.83 
1957 44. 53.35 50.56 7.11 13.33 -0.07 3.08 

1938 63 57.95 57,84 7.61 13.12 0.07 2.51 
1959 27 57.96 80.48 8.97 15,48 0,61,. 2.79 

1960 4.5 46,53 28.48 5.34. 11.4.7 0,32 2.40 
1961 64. 42.08 27.48 5.24. 12.46 -1.27 5.62 

1962 49 44.76 27.77 5.27 11.77 -0.76 5.96 
1963 53 51.89 39.24 6.26 12.07 0.13 3.03 

1961. 43 47.64. 30.48 5,52 11.59 0.13 2.27 
1965 46 37.59 22.21 4.71 12,34 "0e54 3,54. 

1966 54 46.41 40.24. 6.34. 13.67 1.02 4.91 
1967 43 43.94 13,75 6.61 15.05 0.31 2.73 

1968 36 42.76 49,09 7.01 16.39 -'0.25 2.74 
1969 26 40.38 32,18 5.67 14.03 0.37 2.53 

TOTALS 778 48,11 44.68 6,66 13,89 0.27 4.38 



Table A27 

Summery of weaning weight records for rams and ewes 

in the March Random flock 

2. Age correction applied to gain from birth to weaning 

Year Number Mean Variance S.D. C of V Skewness Kurtosis 

Rams 

1962 52 51.35 45.31 6.73 13.11 -1.15 5.37 
1963 48 58.06 62.63 7.92 13.63 -.0,45 3.14. 
1964. 41 55.96 36.76 6.06 10.84 0.50 3.58 

1965 37 40.42 20.77 4.56 11.27 090 4.62 

1966 64. 53.02 49.77 7.05 13.31 0.71 5.32 
1967 4.5 54.4.9 36.36 6.03 11.07 -0,39 2,19 

1968 50 4.7.12 47.91 6.92 14.69 0,24 2.81 

1969 49 42.26 83,27 9.13 21,59 -0,86 3.62 

TOTALS 386 50.33 49.17 7.01 13.93 -0.28 4.26 

Ewes 

1962 49 4.3.84. 30.39 3.51 12.58 -0,85 6,4.1 
1963 53 51,60 36,53 6,04 11.71 -0.09 2.65 

1964. 4.3 4.7.69 30.93 5.56 11,66 0,20 2.37 

1965 44. 37.10 19.93 4,46 12.03 -0.70 3.57 
1966 54. 47.03 33.82 5.82 12,37 0,73 4.32 
1967 43 43.94 4.3.75 6.61 15,05 0,31 2.73 

1968 36 42.40 42.35 6.51 1 5.35 -0,43 2,73 
1969 26 39.74. 30.50 5.52 13.90 0.24 2.50 

TOTALS 350 44.17 33.48 5.79 13,10 -0101 3.4.9 



Table A28 
C, 0,/V' 

Summary of age and type of birth "weRning weight records for rams 

in the Weaning Weight Plus flock 

I • 	Age adjustment applied to weaning weight 

Year Number Mean Variance 	SD 	C of V Skewness Kurtosis 

1951 38 48,28 59.33 7.70 15.95 0.01 3.26 
1953 30 50.92 78,79 8.88 17.4.3 0.77 4,18 
1954 34. 68,49 70.24. 8,38 12.21. 0108 2.02 
1955 28 77.12 219.55 14.82 19.21 -0,67 2,65 
1956 14 67.98 104.19 10.21 15.01 1.06 3.82 
1957 39 63.62 108.49 10,42 16.37 -0.93 4.55 
1958 36 73.10 22804 15.10 20,66 -1.35 5.62 
1959 27 68,96 112.95 10.63 15.41 -0.07 2.12 
1960 34. 56,54. 62.54 7.91 13.99 -0,77 4.30 
1961 28 52.84 67.22 8.20 15.32 -0.62 2.18 
1962 42 54.36 65.99 8.12 14.94. -0.31 3.54. 
1963 19 61..95 27,65 5.26 8,10 -0.18 2,03 
1964 54 64.90 82.65 9.09 14.01 0,11 2.44 
1965 30 47.00 59,44 7.71 16.0 -0.24 230 
1968 4.7 55.24 4.2.83 6,54 11,85 -0,29 2.62 
1969 54. 51.70 4.1.44 6.44 12.45 -0.72 4.14 

2. 	Age adjustment applied to gain from birth to weaning 

Year Number Mean Variance 	SD 	C of V Skewness Kurtosis 

1962 35 54.78 46.62 6,83 12.46 -1,13 4.01 
1963 19 63.27 38.14. 6.18 9.76 -0.23 2.14 
1964. 54. 63,49 80.05 8,95 14.09 0.06 2,31 
1965 30 45.98 52.40 7.24 15.74 -0,13 2.34. 
1968 4.7 54.37 43.56 6.60 12.14 -0.43 2.70 
1969 54. 50.68 44.49 6.67 13.16 -0.67 4,23 



Table A29 
SummiarY  of age and  type of birth correotedweaning weights  

for ewes in the Weaning Weight Plus floak 

I • 	Age adjustment applied to weaning weight 

Year Number 	Mean Varisnoe S.D. C of V Skewness Kurtosis 

1951 35 42,15 69...1 8.33 19.8 0014. 2.39 
1953 29 47,4.3 72.75 8.53 18.0 0.14.7 2.57 
1954 35 56,14.9 61.914. 7.87 13,9 0.05 2.92 
1955 31 61.70 29.52 5.43 8.81 0,12 2.05 
1956 9 56.72 39,39 6.28 11.1 -0.414. 1.80 
1957 37 59.75 4.6,13 6.79 11.4 -0,48 3.06 
1958 44 64.05 107.65 10,38 16.2 -0.31 2,12 
1959 28 67,08 60,97 7,81 11.6 -0.02 2.04. 
1960 39 52,74. 62,24. 7.89 15,0 0.57 299 
1961 34. 50,31 61.35 7,83 15.6 -0,614. 4111 
1962 48 50,73 81,62 9,03 17,81 -0,01 4.52 
1963 20 60,83 50,10 7.08 11.6 -0,05 2,19 
1964. 47 53. 74 36.44 6.04. 11.2 -0,17 2.35 
1965 37 42.44 34.35 5.86 13,8 -0,22 2,61 
1968 48 53,59 48.22 694 13,0 -0,40 3,83 
1969 4.9 4.7,83 4.1.72 6.6 135 -0.02 2.95 

2. Age adjustment applied to gain from birth to weaning 

1962 48 48.814 67,4.6 8,21 16.82 -0,51 4.78 
1963 20 60.68 4.9.05 7.00 11.5 -0.13 2.21 
19614. 47 53.06 36.54 6,05 11.4 -0.21 2.05 
1965 37 41.46 34.02 5,83 14.1 -0,20 2.73 
1968 48 52,58 43.52 6,60 12.6 -0,51 4.11 
1969 49 46.85 41.26 6.42 13.7 -0,03 2,94 



Table A30 

Summary of age and typof birth corrected weaning weights 

for rams in the Weaning Weight Minus flook 

I • 	Age adjustment applied, to weaning weight 

Year Number Mean Variance S.D. C of V Skewness Kurtosis 

1951 30 46.19 4.6.53 6.82 14.8 -0.29 3.38 
1953 31 4.3.76 42.61 6.53 14.9 0.01 4.18 
1954 41 61.89 114.32 10.69 17.3 -0.06 3.07 
1955 33 75.13 55.72 7.1.6 9.9 -0.15 2.72 
1956 10 62.54 48.20 6,94 11.1 -0.26 1.90 
1957 45 57.97 80.80 8,99 15.5 0.4.2 2.97 
1938 4.5 65.29 103.66 10.18 15.6 -0,78 5.11 
1959 21 33,78 109.38 10,46 19.5 0.07 2.59 
1960 30 47.16 53.11 7.29 15.5 .0.14 2,45 
1961 25 44.07 39.13 6.26 14..2 -0.30 4.12 
1962 47 44,69 44,32 6.67 14.9 0.25 2.13 
1963 18 52.26 54.67 7.39 14.2 0.12 1.76 
1964. 48 50.55 46.60 6.83 13.5 0.02 2.19 
1963 42 37.17 28.76 5,36 14.4 0,19 2.37 
1968 50 41.02 30,47 5.52 13,5 -0.12 2,60 
1969 52 33.53 32.33 5.70 16.1 -0.57 2.69 

2, 	Age adjustment applied to gain from birth to weaning 

1962 4.7 46.61 38.56 6.21 13.3 -0.02 2,16 
1963 18 31.36 60.19 7.76 15.1 0.10 1.64. 
1964. 48 50.9 4.6,23 6.80 13.6 -0.00 2.14 
1965 42 36,78 24.61 4.96 13.49 0.21 2.41 
1968 50 4.0.00 28.62 5,35 13.4. 0.01 2.60 
1969 52 34.77 31.37 5.60 16.1 -0.50 2.58 



Table A31 

3 	o axe and type of birth correoted weaning yeJta 
for ewes in the Weaning Weight Minas f].00k 

1.. Age adjustment applied to weaning weight 
Year Number Mean Yariano. S.D. C of V Skewness Kurtosis 

1951 39 41 12 4.7,17 6.87 16.7 -0.34. 2.44 
1953 31 4.1.27 39.00 6.25 15.1 -0.03 2.41 
1954 48 49,34. 67.4.0 8.21 i6. 6z -0,35 3.56 
1955 32 56.4.7 38.77 6.23 11.0 -0.12 2.16 
1956 16 4.7,39 61,97 7.87 16.61 -0,83 2,43 
1957 37 4.9,15 4.9.16 7.01 14.2 -0.22 2,4.1 
1958 40 54.84. 55.10 7.42 13.5 .0.34. 3.21 
1959 27 52.64 76.99 8.77 16.7 0.17 2.76 
1960 37 4.1.80 4.1.99 6.48 15.5 0.35 2.33 
1961 28 39.17 77,64 8.81 22.5 0.19 3.16 
1962 52 4.1.71 32.92 5.74. 13.8 0.24. 2.70 
1963 25 4.7.07 37.42 6.12 13.0 -0.32 1.97 
1964. 42 4.3.50 30.76 5,55 12.8 0.10 2.4.6 
1965 4.3 32.20 32.68 5,72 17.8 0.85 3.56 
1968 54. 4.1,25 27.64. 5.26 12.8 0.04 2.27 
1969 43 36.16 23.49 4,85 13.4 -0.36 2,79 

2. 	Age adjustment applied to gain from birth to weaning 
1962 51 4.1.31 26.90 5.19 126 -0.06 3,07 
1963 25 47.02 36.37 6.03 12.8 -0.35 1.90 
1964. 42 4.3,10 29.81 5.46 12.7 0.13 2.55 
1965 4.3 31.68 31.37 5.60 17.7 0.84 3.40 
1968 54. 40,01 26.74. 5,17 12,9 -0,14. 2,07 
1969 43 35.24. 21.4.3 4.63 13,1 -0.48 3.05 



Table A32 

5ummpz of Fold Scores for rama in the March Random flock 

I • 	Total fold score (Neck + Side + Breech) 

Year No. 	Mean Variance S.D. C of V Skewness Kurtosis 

1951 12 8.25 4.93 2.22 26.9 0.26 1.15 
1953 46 10.20 23.27 4.82 47.3 1.31 4.41 
1954 49 9.4.9 27.17 5.21 54.9 1,02 3.56 

1955 32 11.91 25.12 5.01 42.1 0.22 1.84. 
1956 16 12.00 16.93 4.12 34.3 0.48 2,21 
1957 42 10.10 22.23 4.72 46.7 0.67 2,65 

1958 58 12.78 23.97 4.90 38.3 0.32 1.84 
1959 29 10.52 13.69 3.70 35,2 0.28 2.25 
1960 40 13.55 25.69 5.07 37.4 0.06 2.12 
1961 35 11.71 18.74 4.33 36.9 0.84 3.59 

TOTALS 359 11.36 22.59 4,75 41.8 0.61 2.87 

2. Restricted fold score (Neck + Side) 

1951 12 5.00 1.4.5 1,21 35,0 0.57 1,58 
1953 46 6.76 9.79 3.13 46.3 1.22 4.51 
1954 4.9 6.4.3 12.42 3.52 54.8 0.83 3.05 
1955 32 8.00 11,35 3.37 42.1 0.18 2.10 
1956 16 7.88 7.72 2.78 35.3 0.52 2.16 
1957 42 6.45 9.57 3.09 48.0 0,63 2.77 
1958 58 8.14 10.4.0 3.23 39,6 0.55 2.12 
1959 29 6.66 5.59 2.36 35.5 0.21 2.35 
1960 40 9.15 11.67 3.42 37.3 0.07 2.13 
1961 35 7.46 10.37 3.22 43.2 0.86 3.29 
1962 55 9.71 14.54. 3.81 39.3 0.39 2.30 
1963 48 8.79 18.93 4.35 49.4 0.45 1.99 
1964 34. 9.26 15.53 3.94 42.5 0.11 1.62 

1965 30 6.27 10.06 3.17 50.6 0.56 2.29 
1966 62 9,21 16.00 4.00 43.4 0.34. 1,62 
1967 46 7.50 14.03 3.75 50.0 0.63 2.16 
1963 50 7.06 7.45 2.73 38,7 0.81 3.35 
1969 50 6.18 12.52 3.54 57.3 1.13 3.65 

TOTALS 734. 7,55 11.92 3.45 45.7 0.56 2.57 



Table A33 
Skin fold scores for ewes in the March Random flock 

I • 	Total told soore (Nook + Side + Breech) 

Year Number Mean Variance S.D. C of V Skewn... Kurtosis 

1951 4.6 7,28 6,34 2.52 34.6 0.25 2,48 
1953 4.1 8.51 23,56 4.83 57.0 1,09 3,53 
1954 51 8.18 17.51 4.18 51.2 0,69 2,32 
1955 37 13.30 25.71 3.07 38,14 0,18 2.06 
1956 14 9,64. 16,4.0 4.05 42,00 0.24 1.36 
1957 43 8.98 13.55 3.68 41,00 0,92 3.89 
1958 6. 11.89 16.86 4.11 34.5 0,95 3,43 
1959 28 11,00 11.78 3.43 31.2 0,30 2.63 
1960 44. 12.43 27,74 3.27 42.4. 0,33 1.95 
1961 6. 12.47 20,92 4.57 36.7 0.66 3,12 

TOTALS 422 10.37 18,25 4.27 41.2 0.65 3.01 

2, 	Restricted told score (Nook + Side) 

1951 46 4,59 2.69 1.64. 35.8 0.45 2,74 
1953 4.1 5.76 10,89 3,30 57.3 1.00 3.26 
1954. 51 5.37 7.72 2.78 51.7 0,62 2.27 
1935 37 8,51 12.20 3.49 41,0 0,33 2.11 
1956 14. 5.86 7.82 2,80 47.8 0.33 1.29 
1957 43 5,49 5.87 2.42 44.2 1.13 4.75 
1958 61. 7,45 8,57 2.93 39,3 1,20 4.19 
1959 28 7,25 4.49 2,12 29.2 0,56 3,34 
1960 44 8,30 13.14. 3,63 4.3.7 0.27 1,83 
1961 61 7,80 10.83 3,29 42,2 0,86 3,4.9 
1962 48 6.75 10,83 3,29 48.8 1,02 3,59 
1963 52 10,46 14.21 377 36.0 -0,05 1.87 
1964. 45 8,69 11,63 3.4.1 39,3 0175 2.67 
1965 45 4.91 3.76 1.94 39,5 0.87 3.17 
1966 52 7.17 11.17 3,34. 4.6,6 1 1,08 3,35 
1967 4.1 5.80 7.16 2,68 4.6,1 0.99 3.84 
1968 36 7.19 8,96 2.99 41.6 1,33 426 
1969 26 6,27 7.08 2,66 425 0.37 2.29 

TOTALS 759 6.87 9,09 3.01 4.3.9 0,74. 3.25 



Table A34 

Summary of fold scores fQ1pms in ther Polde '.us selection f1Ok 

I • 	Totel told score (Nook + Side + Brooch) 

Year No. Mean Variance S.D. C of V Skewness Kurtosis 

1951 11 11.36 2.86 1.9 14.9 -0.07 1.47 
1953 18 12.67 31.76 5.64. 44.5 0.65 1.96 
1954 21 13.52 30.36 5.51 40.7 -0.08 2,24 
1955 18 14.56 29,97 5.19 35.7 0,19 2.17 
1956 11 13.91 64.49 8.03 50.5 0,03 1.32 
1957 30 14.83 35.80 5.98 403 0.13 1,80 
1958 33 15.27 22.58 4.75 31.1 0.14 2.02 
1959 10 15.70 39.12 6.25 39,8 -0.24 2.17 
1960 25 17.44 19.09 4.37 25.1 -0.29 2.44 
1961 18 17.06 13,35 3.92 23.0 -0.31 2.03 

2, Restricted fold score (Nook + Side) 

1951 11 7.09 2.69 1.64 23.1 0,36 1.75 
1953 18 8.11 14.58 3.82 47.1 0.73 2,08 
1954 21 9.05 13.15 3.63 40.1 0,12 2.70 
1955 18 9,83 13,09 3.62 368 0.01 2,22 
1956 11 10,09 28.69 5.36 53A 0,26 1,39 
1957 30 9,27 16,34 4.04 43,6 0.30 1.71 
1958 33 9.58 10.75 3.28 34.2 0.31 2.18 
1959 10 10.10 18.32 4.28 42.4 0.08 2,20 
1960 25 11.68 9.98 3.16 27.0 -0,28 2.50 
1961 18 11.50 8.85 2,98 25.9 -0,32 2,08 
1962 21 12.43 12.66 3.56 28,6 -0.26 1.72 
1963 31 12,68 17.56 4.19 33.1 -0.91 2.67 
1964 22 14,64. 11.77 3,43 23.4 -0.97 2.87 
1965 39 10,15 12.13 3.48 34.3 0,45 2.07 
1966 5 15.60 6.30 2,51 16.1 -0.40 1.09 
1967 19 14.74 13.54 3.68 25.0 -0,99 2.48 
1968 34. 12,50 9.05 3.01 24.1 -0.26 2,49 
1969 30 14.10 9.40 3.07 21.8 .0.60 2.12 



Table A35 

Sumsii'y of fold scores for ewes in the Fold Plus selection flock 

Year Nuaber 	Mean Variance S.D. C of V Skewness Kurtosis 

Total fold score (Neok+ Side + Breech 

1951 39 10.21 12.48 3.53 34.6 1.02 387 
1953 26 10,92 28.55 5.34 48.9 0.89 2.77 
1954 34 13.00 24.18 4.92 37.8 -0.29 1.99 
1955 28 15,32 32.60 5.71 373 -0.21 
1956 9 15.78 18.69 4.32 27,4 0.68 1,96 
1957 29 14.52 38.04 6.17 42,5 0.02 1.98 
1958 35 16.80 16,34 4.04 24.1 0.21 2,38 
1959 26 17.19 1902 4.37 25.4 -0.17 1.71 
1960 26 16.58 22.89 4.78 289 -0,37 1.83 
1961 27 14.70 24.68 4.97 33,8 -0.17 1.94 

Restricted fold score (Neck + Side +Breaoh 

1951 39 6,13 6.37 2,52 34.7 075 3.22 
1953 26 7,19 12.32 3.51 48.8 0.90 2,85 
1954 34. 8,44 9.65 3.11 36.8 -0.11 2.26 
1955 28 10,00 15,93 3,99 39.9 -0.09 1,78 
1956 9 10.22 9.94 3.15 30,9 0.61 1.77 
1957 29 9.28 17.00 4.12 44.4 0.22 2.02 
1958 35 10.63 9.01 3.00 28.2 0.48 2.43 
1959 26 11.38 9.77 3.13 27.5 -0110 1.85 
1960 26 10,58 9.77 3.13 29.6 -0.16 1.99 
1961 27 14.70 24.68 4.97 33.8 -0.17 1.94 
1962 11 12.36 15.25 3.91 31.6 -0.62 1.71 
1963 35 14.09 11.43 3,38 24,0 -0,73 2,28 
1964 29 14.00 13.79 3.71 26.5 -1,01 2,89 
1965 32 9.31 11.19 3.35 35.9 0.08 1.72 
1966 7 10.86 23.81 4488 44.9 0.01 1.03 
1967 20 13.45 17.21 4.15 30,8 -0.82 2,4.6 
1968 33 10,36 12,74 3.57 34,4. -0.41 2.35 
1969 26 13.73 13.96 3.74 27.2 -1.44 4.80 



Table A36 

Folds scores for rams in the Folds Minus selection flock 

Total fold score (Neck + Side + Breech) 

Year No, Mean Variance S.D. C of V Skewness Kurtoeis 

1951 12 4.83 3.79 1.95 40,3 1.50 4.4.1 
1953 4.2 5.33 4.42 2.10 39.4. 1.07 3.63 
1954 42 667 12.47 3.53 53,0 1.14 3.78 
1955 42 5.76 6.62 2.57 44.7 1.72 5.99 
1956 18 5.94 4.29 2.07 34.9 1.49 4.58 
1957 4.6 4.98 2.24 1,50 30,1 0,54. 2,28 
1958 49 7.02 760 2.76 39.3 1.42 5,65 
1959 35 5.4.0 2.07 1.44 26.7 0.51 2.44. 
1960 46 6,35 4.32 2.08 32.8 0,57 2,35 
1961 28 6,14 1042 3.23 52.6 2.19 7.72 

Restricted fold score (Neck + Side) 

1951 12 2.92 0,81 090 30.9 0.83 2.92 
1953 42 3.69 2.37 1.54 4.1,7 1,06 3,70 
1954 42 4,81 5.87 2,42 50.4 0,87 3.22 
1955 42 4,17 3.22 1,79 4.3.0 1,69 5.87 
1956 18 3.83 2,15 1.4.7 38.2 1.75 4.93 
1957 4.6 317 1.30 1.14. 36.0 0.63 2.25 
1958 49 4.63 3,28 1.81 39.1 1.47 5.61 
1959 35 3.71 1,03 1.02 27.4 0.57 2.47 
1960 4.6 4.41 2,60 1.61 36,6 0,iO 3,07 
1961 28 4.00 5.19 2.28 56.9 2.32 9.30 
1962 29 4.21 6.60 2,57 61.1 1.84 5,63 
1963 46 3.57 2.52 1.59 44.5 1,01 3.09 
1964 50 4110 2,83 1,68 4.1,0 1.08 4.12 
1965 30 2.90 4.71 2,17 74.9 3.54. 16.06 
1966 34. 3.18 1,18 1,09 34.2 062 2.57 
1967 41 2.46 0,95 0,98 39.7 2,14 6.75 
1968 31 3.00 1.27 1.13 37,5 0,95 2,94. 
1969 36 2,86 2,01 1.42 4.9.7 1.76 5.09 



Table A37 

S' ,nary of fold scores for owes in the Folds Minus selection flock 

Total fold score (Neck + Side + Breech) 

Year No, Mean Variance S.D. C.of V Skewness ICurtoeia 

1951 62 574 4.56 2.13 37.2 1.46 6.50 
1953 41 5,95 5.85 2.42 4.0,6 1,59 6.22 
1954. 42 5.60 6,69 2,59 4.6,2 1.39 5,18 
1955 4.0 5.77 3.31 1.82 31.5 0,97 3,44 
1956 17 4,65 1.87 1.37 29,4. 0.33 1.72 
1957 4.9 5,53 6.55 2.56 46.3 3.16 16,40 
1958 59 7.17 4.97 2.23 31.1 0.80 3,23 
1959 36 5.11 2.79 1.67 32.7 1.84. 6.70 
1960 42 5.76 6.43 2.54 44.0 2.54. 10.50 
1961 28 5,32 1.71 1.31 24.6 -000 1,67 

Restricted fold score (Neck + Side) 

1951 62 3.58 1,89 1.37 38.4 1.10 5.44 
1953 41 4.17 3.20 1.79 42.9 1.06 4.07 
1954 42 3.86 2,81 1.68 43.5 1.04 3.52 
1955 40 3,92 1.40 1.19 30,2 0.95 3.20 
1956 17 3.18 0.90 0.95 29.9 0.50 2,24. 
1957 49 317 3.05 1.75 50,3 2.57 12.45 
1958 59 4.54. 1,84 1.36 29.9 0.73 3.24. 
1959 36 3.33 1.4.3 1.20 35.9 1.61 5.51 
1960 4.2 3.64. 3.36 1.83 50.3 1.70 5.84 
1961 28 3.18 0.89 0,94 29.7 -0.09 1.52 
1962 31 3.03 2.97 1.72 56.8 3.17 14,92 
1963 40 3.55 2.92 1.71 48.1 2.92 15.19 
1964 58 3.24 1.20 1.10 33.9 0.46 2.16 
1965 28 2.43 0.40 0.63 26.1 1,10 3.02 
1966 38 2.61 0,95 0.97 37,4. 1.34 3.4.3 
1967 32 2.69 6.09 2,4.7 91.9 4.89 26.44 
1968 47 2.96 1.30 1.14. 38,6 1.37 4.71 
1969 49 2.53 0,50 0.71 28,1 0.92 2.48 



in 



4%PPSNDIX B 

The general relationship between repeatability and. heritability 

The model to be investigated is as for some measure of ewe 

reproductive performance, measured at two ceperate lambings. 

Heritability at the two lanbings may differ, wh.tlo the genetic 

correlation between them need not be unity. 

The phenotype at the two lambings, 91  and P2  can be 

expressed as follows: 

P1  * G.1 +C+E1 	and. 

where G and E refer respectively to genetic and environmental effects 

on performance. C is a permanent environmental effect which may have 

a scaled effect on perfornanoe (K). 

If (, C and. E are assumed to be independent, and if t is the 

roeatability of performance (phenotypic correlation between records), 

then: 

t = 	coy (a1  a2) + 

,1 

= 

'p2. 	p, 

= rh1h2 + 



Mere repeatability sets an upper limit to the product of the genetic  

correlation between records and the square root of the product of 

the heritability at the two lazbings. The heritability at either 

lambing could thus exceed the repeatability. 


