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Abstract

Data from the Turretfield Resource flocks was used to investigate the genetic relationship

between rcproduction traits in South Australian Merino sheep. Reproductive performance

was recorded in females over four years and in males scrotal circumference \¡/as recorded at 5,

l0 and 16 months of age. These records were used to calculate heritabilities, phenotypic and

genetic correlations between and within female and male reproductive traits. Heritabilities of

female reproductive traits were generally low, but genetic correlations between different ages

of the same trait and between traits were very high. Heritabilities of the male trait and genetic

correlations between the male and female traits were moderate to high. Litter size and scrotal

circumference at l0 months of age were identified as the best options for genetic

improvement of flock reproductive rate. Genetic parameters between reproduction and fleece

traits were also estimated using the Turretfield Resource Flock data. Genetic conelations

ranged from low to moderate between female reproductive traits and fleece traits. Genetic

correlations between scrotal circumference and fleece traits were generally low. Genetic

correlations indicated that reproduction and fleece traits could be improved simultaneously

using appropriate selection methods.

Intensive measurement of live weight, fat depth and eye muscle depth was carried out over

two years using the Selection Demonstration Flocks. Live weight measurements were taken

at birth and weaning. Live weight, and ultrasound fat and eye muscle depth (at the C site)

were measured at 6 weekly intervals from 4 to 10 months, at 13 months and 16 months of age.

These traits were analysed to determine the genetic relationship between measurements at

different ages and between the different traits. Heritabilities were generally low for live

weights, and moderate for fat and eye muscle depth. Genetic correlations between ages

indicated that selection at young ages will lead to improvements in that trait at older ages.

Genetic correlations between the traits indicated that improvements to growth and carcase

traits can be made in the Merino. The live weight and carcase measurements from the

Selection Demonstration Flocks were used to estimate some of the first correlations with

fleece traits. Genetic correlations indicated that there are no major genetic antagonisms

between gains in wool, meat and reproduction traits. Recommendations for selection and

implications for the Australian Merino Industry are discussed.
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Chapter 1

Literature Review

1.1 INTRODUCTION

The Australian sheep industry has been facing a constant decline in wool prices for many

decades, with only periods in the 1950's, 1970's and late 1980's, where prices have risen.

This is truefor mostagricultural products. However, recently,relative to wool, lamb and

sheep meat prices have not declined as rapidly (ABARE 2002). The industry has responded

by increasing lamb supply, with many producers placing a greater emphasis on meat

production (Banks 2000). The above described situation has brought about much greater

interest from both wool and meat producers in sound information regarding all aspects of

sheep meat production. There are many factors involved in the production of meat. The

focus of this study is on quantitative genetic aspects that determine the potential for

improvement in the efficiency of production, the quantity and the quality of meat from

Merino sheep.

Merino sheep, a wool breed, are the focus of this study because they make up a large

proportion (-g7%) of the sheep in Australia as they are used as purebreds for wool and lamb

production and often to produce first cross ewes for lamb production (ABARE 2002). Meat

production requires the conception and birth of lambs and the Merino is known to have low

prolificacy in relation to meat sheep breeds (Purvis 1988). Crossbreeding Merinos with these

other breeds is not considered by wool producers due to undesirable fleece characteristics

such as high fibre diameter and contamination from pigmented and medullated fibres of the

meat breeds (Purvis l9S8). Horvever, the reproductive ability both within and between flocks

and sheep breeds is one area where large phenotypic variation exists and this may be used to

increase the efficiency of production. After birth, the growth of lambs can be manipulated

using different nutritional levels. Growth can also be improved and potentially manipulated

through selection. Once the lamb has gïov/n, it can be slaughtered at a certain age or weight.

Carcase composition is important as it can influence the price received for the carcase. The

assessment of carcase composition has three pu{poses: (i) it assists in assigning carcase value;

(ii) it allows carcase sorting for markets; and (iii) it allows transfer of information back to the

producer (Stanford et at. 1998). Thus, while focussing on issues relevant to the Merino, a
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specialist wool producing breed, the main areas in which the literature will be reviewed are

reproduction, growth, carcase composition and their relationship with wool.

I.2 REPRODUCTION

Reproduction is defined by'Webster's new encyclopaedic dictionary (Anon. 1993) as "the act

or process ... by which plants and animals give rise to offspring". As this suggests, among

plants and animals the purpose of reproduction is the perpetuation of the species. However,

in the farming environment simple perpetuation is not sufficient, and for economic reasons

reproductive performance should be managed (most often increased) to a profitable level. If

reproductive rate is improved in the flock or herd, then the overall efficiency of the

production system is increased because there will be more 'growing and finishing' animals

per dam present in the flock or herd. In addition, there will also be more animals to select

from to make genetic improvement. Reproductive rate has high economic value but in sheep

genetic improvement programs it is often a small contributor to overall economic gain

(ponzoni and Walkley 1984). This is partly due to the low heritability of reproduction traits

and to a lesser extent to their low correlations with other traits in the breeding objective' The

low heritability of reproduction traits means that genetic improvement of these traits is

possible, but generally with difficulties, and at a slow rate (Purvis 1988). Holever, for many

ofthesetraitsthereislargevariationbetween breeds, aswellaswithinbreedsand flocks

(Purvis and Hillard lg97). Therefore, selection differentials can be latge, especially if large

numbers are screened.

Reproductive rate in the farming system must be clearly defined, as it and its component traits

can be interpreted in many ways. For example, the avefage number of lambs weaned per ewe

lifetime is a measure that could be considered as the reproductive rate of a flock. T umer

(1969) went further and used two descriptions which may be suitable for different purposes:

(i) a measure of a flock's productivity (number of lambs weaned per ewe joined per year), or

(ii) a measure of its replacement rate (the number of ewe lambs reaching joining age produced

by each ewe in her lifetime). However, the second definition is a lifetime measurement and

would therefore slow the rate of genetic improvement considerably. There are many different

traits used to measure reproductive rate, some of these have very similar definitions and some

have the same dehnition. Table 1.1 shows seven female reproduction traits and their

definitions. Similarities can be seen between some traits, and there are multiple definitions
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for traits with the same name. The use of the trait and the associated definition depends on

the situation being studied. Trait definition is important to consider when estimating genetic

parameters as biases may occur depending on the definition, hence large variation in genetic

parameter estimates exists in the literature (Tosh and Kemp 1995).

Table 1.1 Seven female reproduction traits and their definitions

u 
Can be considered per yearlseason or over a lifetime

Reproductive rate is often first considered in the female. There are many female traits used to

determine a ewe's reproductive rate or ability. However, many of these traits are difficult and

expensive to measure. For that reason there has been considerable interest in the use of

indirect selection criteria. For example scrotal circumference or testis diameter, are traits that

can be taken in males and used to predict reproductive performance, and are less expensive to

record and genetically correlated with female reproduction traits.

J

The ability of a ewe to rear all lambs that are born to weaning
measured as a ratio, 0 > 1)(Rearing ability of the ewe

1) The number of lambs born per ewe joined (contains

component) (0,1,2,3 . . .)

fertility

The number of lambs born ewe lam 1

Litter size or
Prolificacy or

Fecundity

1) The ability of the ewe to conceive (Yes or No)
2) The ability of the ewe to have a lamb (Yes or No)Fertility of the ewe

The sum of the number of lambs weaned
1) per ewe joined (0,1,2...)u

ewe I
Number of lambs weaned

The sum of the weaning weight of lambs

l) per ewe joined (> 0 kg)"
2) per ewe lambing (> 0 kg)u

Weight of lamb weaned

Definition (unit of measurement)Trait name
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1.2.1 Reproductive Traits Measured in Females

Most female traits can be described as components of the composite trait number of lambs

weaned per ewe joined, or weight of lambs weaned per ewe joined. However, to properly

assess reproductive rate both the composite and component traits must be considered.

Composite Traits

Sn¡rman et at. (1997) suggested that total weight of lamb weaned per year is the best single

measure o f a meat producing flock's productivity. T heir measure o f total weight of lamb

weaned was defined as the sum of the weaning weight of all lambs weaned by each ewe in

each lambing season adjusted for sex and corrected to 120 days weaning weight. Genetic

correlations of weaning weight with lifetime total weight of lambs weaned was 0.75, and with

lifetime number of lambs weaned was 0.11 (Snyman et al. 1996). This indicates that

selection for total weight of lambs weaned would increase the number of lambs as well as the

weaning weight of the lambs, which is important when producing sheep for meat. Whereas

selecting for number of lambs weaned would increase the number of lambs but would have

little effect on the weaning weight of the lambs (Snyman et al. 1996). However,}{ead et al-

(1995, 1996a) found in a flock selected for lifetime production of kilograms of lamb weaned

per ewe, that while there was an increase in kilograms of lamb weaned, or quantity of lamb,

the lambs ate more to achieve this and therefore, did not improve the efficiency of production'

The use of composite traits in selection is appealing as they are more representative of the true

breeding objective than component traits. Correlated traits offer an alternative way of dealing

with composite traits, for example the use of early records as indicatcjrs of lifetime

production. Lee and Atkins (1996) tested reproductive performance in the first two

reproductive cycles with subsequent reproductive performance. They concluded that culling

ewes based on the first two years of lambing data would improve the net reproductive rate of

the flock. They also indicated that there may be a need to review the selection criteria used to

improve reproductive rate. This study reviews the use of scrotal circumference as a selection

criterion in relation to female reproduction traits. Historically, litter size has been

recommended as the criterion to be used for this purpose (eg. Land et al. 1983)' However,

there are other component traits such as fertility, rearing ability and survival that could also be

used.
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There is much genetic variation for the composite reproductive traits. Fogarty (1995) did a

comprehensive review of parameters estimated for many traits, including those related to

reproduction. His review highlights the large variation in parameters estimated for

reproductive traits, partly caused by the different definitions of female reproductive traits.

Heritability estimates rangc front 0 to 0.5 for composite traits with a weighted mean of 0.05

for number of lambs weaned and 0.13 for weight of lamb weaned (Table I .2) (Fogarty 1995,

Safari and Fogarty 2003). Since then Safari and Fogarty (2003) have updated this review and

heritabilities reported have also been within the range 0 to 0.5. Genetic and phenotlpic

correlation estimates between the composite traits themselves, component traits range from

negative to >l (although by definition heritabilities must be between zero and one and

correlations between negative and positive one). For example, phenotypic and genetic

correlations between number of lambs weaned and weight of lambs weaned at the same ewe

age were 0.97, 0.98 respectively (Fogarty et al. 1985). The weighted means of phenotypic

and genetic correlations from Fogarty (1995) are presented in Table 1.2.

Table L.2 \üeighted means of literature estimates of heritabilities (on diagonal)'
phenotypic correlations (above diagonal) and genetic correlations (below diagonal)
(number, standard deviation of estimate) between reproduction traits taken from
Fogarty (1995)

Traits: NLW, number of lambs weaned; WLW,
rearing ability; SC, scrotal circumference; BW,

weight of lambs weaned; OR, ovulation rate; LS, litter size; RA,
birth weight; WW, weaning weight; YW, yearling weight.

Component Traits

Composite reproduction traits are conceptually closer to the true breeding objective than

components traits. However, component traits may have greater heritabilities than composite

5

0.05 0.94 0.06
(l)

0.09
(l)0. 0

0.93
(2,0.06)

0.13
0.1

0.21 0.18 0.15
(l)

0.01
(5,0.21)

0.01
(l)

0.40

1.03
(2,0.05)

0.10 -0.r6 0.04
(l)

0.07
(1)

0.04
(l)

0.09
(1)0.05

-0.19
(2,0.16)

0.06
(2,0.43)

0.30
(l)

-0.l0
(6,0.39)

0.13

0.07

0.26
(3, o.l l)

0.24 0.46
0-1 0.18

0.34
(1)

0.34
(1)

0.35

-0.13
(1)

0.16
(l)

0.1 I
(l)

0.53
(4,0.3e)

0.70

1 0.1

NLW

wLw

OR

LS

RA

SC

BW

\ilw
Ylry

NLW \üL\il OR LS RA SC BW WW YW
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traits, and therefore their use as selection criteria may result in greater genetic gain if the

correlations among them are favourable. In this section four of the female component

reproduction traits that could be used in selection are reviewed.

Ovulation Rate

Ovulation rate can be defined as the number of eggs shed by the ovary at ovulation per

oestrus cycle (Tumer 1969, Urioste, l9S7). Hanrahan (1980, 1982) argued that much of the

genetic variation in litter size was due to genetic variation in ovulation rate. Hanrahan (1980)

reported the heritability of ovulation rate to be 0.45 in Finnish Landrace and 0.57 in Galway

sheep, compared to 0.10 and 0.06 for litter size respectively. He estimated genetic

correlations between litter size and ovulation rate between 0.4 and 0.7 and argued that

selection for ovulation rate could increase annual genetic gain three fold because of its greater

heritability. However, Piper et al. (1980) reported that in 14 Merino lines representing the

industry, heritability for ovulation rate was as low as for litter size. They concluded that

ovulation rate would probably not be useful for predicting ewe reproduction performance and

that further research would be required to determine its usefulness in selection. In Fogarty

(1995) and Safari and Fogarty (2003) review's, heritability estimates for ovulation rate vary

considerably, the range being from 0.05 to 0.50 with aweighted mean of 0.21 (Table 1.2).

Davis et at. (1998) estimated heritability of ovulation rate to range from 0.03 to 0.16 in three

sheep breeds. They concluded that one way to achieve a high reproduction potential within a

flock would be to screen ewes for very high litter size and subsequently select for ovulation

rate

Litter Size

Historically, litter size has been one of the main traits used as a selection criterion for

improving reproduction rate. This is due to the general agreement that litter size is a major

component of total weight of lamb weaned per ewe (Turner 1962, 1969, Hanrahan 1982,

Land et al. I983,Bradford 1985, Urioste 1987, de Vries et al. 1998). Selection for increased

litter size has been shown to increase the quantity of lamb produced. As Turner (1962)

pointed out, twins had lighter average weaning weights than single bom lambs, but total

weight of lamb weaned was higher because of the gteater number of lambs. V/hile Snyman er

al. (1997) agreed with this, they pointed out that in many cases an increase in the number of

lambs results in a decrease in the quality of the lamb product. They stated that selection for

litter size without considering weaning weight would be "short sighted" and suggested that
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selection for total weight of lamb weaned would be better to improve lifetime reproductive

efficiency. Analla et al. (1997b) investigated the optimum selection criteria in the Segurena

breed. Their conclusion was that if a producer was supplying the Segurena breed's traditional

market, litter size alone as a criterion was suitable. However, for other markets, a selection

index including litter size and weaning weight would be more beneficial. This highlights thc

significance of having a well defined breeding objective and choosing the appropriate

selection criteria to achieve it. While improvement in litter size can be achieved, it has a low

heritability, although it is generally higher than the heritability of other component traits.

Fogarty (1995) reported heritabilities in the range of 0.0 to 0.4 (with one estimate at 0.6) for

litter size and a weighted average mean heritability of 0.10 (Table 1.2), Safari and Fogarty

(2003) reported a similar range. Urioste (19S7) reported higher estimates of heritability of

0.26 to 0.43 using a threshold model, whereas de Vries et al. (1998) estimated low

heritabilities in the range of 0.05 to 0.12 for different ages in two sheep breeds. Genetic and

phenotypic correlations of litter size with other reproduction traits are generally positive

although there have been reports of negative phenot¡,pic and genetic correlations with other

reproductive component traits such as lamb survival. Correlations between litter size and

composite traits were variable and close to zero between litter size and weight of lamb

weaned per ewe joined (Table 1.2). Correlations of litter size with production traits are

variable, but generally low to moderate (Fogarty 1995, Safari and Fogarty 2003). The

relatively high heritability and positive correlations of litter size with other traits is one of the

main reasons for its recommendation for use as a selection criterion.

Lamb Survival and Rearine Ability of the Ewe

Reproductive rate can also be improved in terms of lamb survival or lamb mortality. Lamb

mortality is one of the main causes of reproductive and production losses in the farming

system (Haughey 1983, Gama et al. l99la,b, Kilgour and Haughey 1993, Cloete and Sholtz

1998). ln an avefage Australian Merino flock it is estimated that one third of lambing

potential is lost and is mainly due to lamb mortality (Kleeman et al. T990, Kilgour 1992).

The lamb's own ability to survive and its dam's rearing ability or maternal ability contribute

tolambsurvival(Piper etal. I982). Thematernalorrearingability oftheewehasbeen

reported to be a significant contributor to lamb survival especially in Merino ewes with

multiple births (Alexander et al. 1982, Stevens et al. 1982). Earlier studies have shown that
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lamb survival has a low heritability (-0.02 - 0.05) and there is little scope for improving lamb

survival by direct selection (Piper et al. 1982).

The heritable nature of ewe rearing ability has been established in Merinos (Atkins 1980,

Donnelly 1982, Piper et al. 1982, Haughey 19S3). Ewe rearing ability itself is a complex trait

and is determined by factors such as milk production, ease of parturition and maternal

behaviour. The behaviour of dams has been widely investigated, studies have included

observations of behaviour in the field and in relation to human contact. In South Africa,

Cloete et at. (1998c) observed the levels of separation of ewes and lambs in two Merino lines

selected for ewe multiple rearing ability. Their observations indicated that behavioural

adaptations had occurred in the high rearing ability line as fewer maiden e\ryes were separated

from their lambs. However, interference from other ewes was more likely in the high line

than in the low line. Their conclusion was that some of the observed behavioural differences

were due to the selection for multiple rearing ability. Cloete and Scholtz (1998) studied the

overall lamb production of the same South African Merino flocks and found that the number

of lambs weaned and lamb weaning weights were consistently greater in the high line over

five years. They concluded that selection for multiple rearing ability was a viable method of

increasing lamb production. Similarly, Kilgour (1998) investigated arena behaviour as a

selection criterion for improved rearing ability. Arena behaviour is the measurement of an

individual sheep's behaviour (most commonly movement and bleats) within a defined space

in the presence of a human being. He determined that behavioural differences occurred

between a flock selected for rearing ability and an unselected flock. Kilgour (1998) suggests

that arena behaviour is worthy of further investigation as a possible selection criterion as it

can be measured in both males and females and can be measured early in life.

Genetic parameters reported in Fogarty's (1995) review for lamb survival both as attait of the

lamb and a trait of the ewe (or rearing ability) were low. V/eighted mean estimates for

heritabilities of lamb survival and rearing ability were 0.04 and 0.07, respectively (Table 1.2).

Genetic and phenotlpic correlations between these two traits and other reproductive and

production traits were highly variable ranging from strongly negative (-0.73) to 1. Genetic

correlations o f ewe rearing ability with reports for number o f I ambs weaned ranging from

0.34(Fogartyetal. 1994)to 1.0(Brash etal. 1994b),withaweightedmeanof 0.86(Fogarty

1995) (Table L2). Reports since 1995 agree with the values above (Safari and Fogarty 2003)
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1.2.2 Reproductive Traits Measured in Males

As reported, reproduction traits measured in the female often have low heritabilities and low

correlations with other production traits. This, combined with the expense and diffrculty of

measurement and the sex and age limited nature of most reproduction traits, has stimulated

the investigation of indirect selection criteria. The low prolificacy of Merirlos, coupled with

the fact that crossbreeding with more prolific breeds is most often not considered an option

due to higher fibre diameters and fleece contamination with pigmented and medullated fibres,

make indirect selection criteria especially attractive for Merino flocks (Purvis et al. 1988,

Purvis l98S). Generally, greater selection intensity is placed on males than on females.

Therefore, an indirect trait measured in males may actually prove to be as beneficial in

improving genetic gain as direct selection for the female trait and at less cost.

Indirect Selection

Indirect selection can be described as the use of the correlated response in trait D (the

'desired' trait for improvement) when selection is based on trait I (the 'indirect' trait).

Indirect selection is useful when trait D is sex limited (e.g. reproduction traits), age limited

(e.g. lifetime production traits), or expensive to measure (V/alkley and Smith 1980,Haley et

at. 1987). Indirect selection criteria must be chosen carefully. Their recording should be easy

and cost effective, they should be measurable on young animals and on both sexes, and have a

strong genetic relationship with the desired trait (Blair et al. 1990). For the improvement of a

single trait, the relative efficiency of indirect to direct selection when the two are considered

as alternatives is (Hill 1985):

rç h¡ / h¡ (Equation 1'1)

'Where: h¡ : sQuare root of heritability of the desired trait

h¡ : seuare root of heritability of the indirect trait

f6 : genetic correlation between the two traits

Assuming: the same selection intensity and generation interval for both traits'

Therefore, the benefits of indirect selection increase when the heritability of the indirect trait

and the genetic correlation are high, but decrease as the heritability of the desired trait

increases. Candidates for indirect selection need to be thoroughly investigated to determine

the most appropriate measurement and to determine their impact on traits other than the
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desired trait. However, indirect selection has an important contribution to make to overall

economic efficiency (Haley et al. 1987).

Scrotal Circumference and Testicular Size

The male trait testicular size has been widely considered to be one of the best candidates for

use as an indirect selection criterion to improve female reproductive rate in sheep flocks.

Land (1973) first suggested testicular size, or more specifically testicular diameter, as a

potential criterion for use in selection. Since then, testicular size has been investigated and

supported as a criterion in many species including, mice (Islam et al. 1976), cattle (Keeton e/

at. 1996),pigs (Wilson et al. Ig77), and horses (Thompson et al. 1979). In contrast to these

and many other investigations, with sheep Land et al. (1952) found no improvement in female

reproductive performance when testicular diameter adjusted for live weight was used as the

selection criterion. There are two main differences in the studies carried out on male

reproductive traits: (i) whether testicular diameter or scrotal circumference was measured, and

(ii) whether the measure was adjusted for live weight or not.

In the majority of studies considering testicular diameter, measurements have been taken

using callipers to measure the testis and scrotum. This is followed by an adjustment for skin

(scrotum) and in some cases wool thickness was taken into consideration. Some reference is

also made to positioning of the ram on angles rather than standing (e.g. Haley et al. 1990,

Yarney et at. 1990, Purvis et al. 7991). In studies considering scrotal circumference most

commonly a simple tape was used to measure the scrotum at the greatest circumference with

the ram in the standing position, hence Matos et al. (1992) pointed out that scrotal

circumference is easily measured. Notter et al. (1981) showed scrotal circumference of rams

to be a reliable indicator of testis weight. In the search for indirect selection criteria to

improve female reproductive rate, it must be remembered that ultimately the research carried

out on these criteria should be applied to, and hopefully widely adopted, in the target industry.

Matos and Thomas (1992) carried out a review of testicular size and its various measures.

These included testis weight, testicular diameter, scrotal circumference and epididymis

weight. They concluded that more research was required before breeding plans including

testicular size as a criterion could be used.

Many studies have shown testicular diameter and scrotal circumference to be heritable and

correlated with female reproduction traits. Fogarty's (1995) review reports heritabilities
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ranging from 0.08 to 0.69 for the two traits with the weighted mean being 0.24 (Table l'2).

Safari and Fogarty (2003) report arange from0.01 to 0.41. Geneticcorrelations between

testicular diameter and scrotal circumference themselves are very high and positive (-0.9),

indicating that they may be considered as the same trait. Correlations between the male trait

and female reproduction traits vary from negative to high and positivc. Correlations between

testicular size and scrotal circumference and production traits are generally moderately

positive (Table 1.2). Genetic correlations reported by Fogarty (1995) and Safari and Fogarty

(2003) between scrotal circumference and yearling weight, clean fleece weight, and fibre

diameter at yearling and hogget age were 0.24,0.15,0.22 and 0.59 respectively (Brash et al'

1994).

1.3 GROWTH AND DEVELOPMENT

In simple terms, a generally accepted aim in the improvement of the efficiency of meat

production is the increase of lean tissue deposition and the decrease of body fat (Simm 1987,

Cameron and Bracken 1992, Nsoso et al. 1999). An understanding of the growth and

development processes of the animal is important to achieve that aim. A distinction between

growth and development is required for clarity. However, this has still not occurred in the

literature despite the call for specific universal definitions since 1974 (De Boer et al. 1974,

'Waldron et at. I992a, Fisher and De Boer 1994). Fisher and De Boer (1994) pointed out that

universal definitions would enable easy comparison of research results. Distinction is

required between growth and development because the two are related and one is a

consequence of the other. They can be measured in both live animals and in the carcase, but

they are measured in different units (Nsoso et al. 1999). If, as assumed by Nsoso et c/.

(lggg), growth is defined as an increase in animal size, and development is a change in shape

and body proportion associated with growth, then growth would be measured in weights or

linear dimensions (e.g. live weight or carcase length) and development would be measured in

indices of shape (e.g. muscularity or proportion of weight). Growth is associated with

increases in bone, fat and muscle mass, and therefore causes body and carcase weights to

increase. Howev€r,thedevelopmentprocesshasa different effect. Generally, fat weight

increases whereas muscle and bone weight decrease relative to carcase weight (McClelland er

al.1976, Wood et al. 1980).
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The objectives of efficient sheep meat production are to increase lean tissue production and to

decrease fat at the time of slaughter (Nsoso et al. 1999). This is in response to the reality that

in many countries financial penalties are imposed on sheep carcases with high intermuscular

and subcutaneous fat levels without ignoring minimum fat requirements. Short-term solutions

to this would be slaughtering animals at lower wcights, not castrating males, and"/or

manipulating the quality and quantity of feed available (Simm and Dingwell 1989, Simm

lgg¿). However, there are disadvantages to using short-term, non-genetic solutions.

Reducing the slaughter weight of animals may actually reduce the production per unit of land

and manipulating feed is not a practical option for the extensive production systems of

Australia. Feed manipulation has the added disadvantage that timing is important because fat

penalties are mainly related to intermuscular fat, which matures early in sheep (Wood et al.

19g0, Berg and Walters 1983). These 'quick fixes' to avoid or reduce fat penalties would not

contribute to the increased efficiency of the production system as a whole'

Genetic improvement may appear slow in comparison to short term solutions, but changes in

carcase composition would be permanent and most likely cost effective. Thus, it is a good

option for long-term modification of the growth and development processes of a flock (Simm

et al. 19g7, Simm and Dingwell 1989, Simm 1992). To achieve this, development traits such

as body composition or proportion of fat and muscle, as well as growth traits, are the criteria

needed to estimate the animals' merit for the breeding objective. The success of these traits in

achieving the objective depends on their genetic parameters (Wolf et al. l98l)' As applies to

all traits, accurate estimation of these parameters would lead to the most rapid improvement,

but over or under estimation would give suboptimal economic gains in the breeding objective

(Sheridan 1988, Meyer 1990).

1.3.1 Birth Weight

There is large variation in birth weight between breeds (Cloete et al. 1998b), lines (Analla et

al. l99g) and flocks (Donnelly 1982) of sheep. Birth weight is a trait of potential economic

importance (Al-Shorepy and Notter 1998). At birth, excessively large lambs are prone to

dystocia problems and excessively small lambs are at risk of hypothermia, respiratory

diseases and other infections (Moule 1960, Al-Shorepy and Notter 1998). This suggests an

intermediate optimum weight for birth. Lamb survival for meat breeds has been shown to be

maximised at birth weights of 5.2 and 5.5 kg by Smith (1977) and Notter and Copenhaver

(1980), respectively. However, as is common for sheep, avefage birth weights in their
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respective populations \¡/ere below these optimums being only 4.1 and 3.9 kg. Donnelly

(1982) quoted 'ideal' birth weights for Merinos of between 3.5 and 4 kg, but pointed out that

in his study the observed birth weights were well above this weight. Seasonal differences also

affect birth weight, with autumn born lambs having reduced birth weights compared to spring

bom lambs (Shelton 1964, Shelton and Houston 1968, Al-Shorepy and Notter 1998)'

Heritabilities for birth weight have been reported to range from 0.02 to 0.45, with a weighted

mean of 0.13 for wool breeds (Table 1.3) (Fogarty 1995). Al-Shorepy and Notter (1998)

reported heritability estimates for spring born lambs to be twice that of autumn born lambs

(0.26 and 0.12, respectively). Genetic and phenotypic correlations of birth weight with other

weight traits are low to moderate (0.07 to 0.59) with a few exceptions (Table 1.3) (Fogarty

1995, Safari and Fogarty 2003). Genetic and phenotypic correlations with other production

traits range from -0.41 to 0.98 (Fogarty lgg5, Safari and Fogarty 2003). Genetic correlations

reported b y Fogarty ( 1995) and S afari and F ogarty ( 2003) b etween b irth w eight and c lean

fleece weight and fibre diameter range from -0.08 to 0.43, and -0.15 to 0.30 respectively.

Table 1.3 Weighted means of literature estimates of heritabilities (on diagonal)'
phenotypic correlations (above diagonat) and genetic correlations (below diagonal)
(number, standard deviation of estimate) between weights and fleece traits taken

from Fogarty (1995)

0.13 0.30 0.31
(3, 0.08)

0.57

0.24
(8, 0.07)

0.29
(21,0.11)

0.38
(7, 0.08)

0.25
(s,0.06)

0.29
(9, o.o7)

0.29
(2,0.01)

0.01
(3,0.08)

0.08
(9, 0.08)

0.07
(3,0.05)

0.1 I 0.1

0.39
(16,0.31)

0.32
(3,0.25)

0.33
I l1 0.

0.86
(10,0.11)

0.48

0.57

0.25
(8,0.30)

0.12
(5,0.28)

0.17

0.33
(20,0.23)

0.24
(8,0.24)

0.04

0.28
(7,0.12)

0.09
(2,0.0s)

-0.11

0.88 0.28
(18,0.12)

0.27
19 0.04

0.84
(20,0.08)

0.r7
l5

0.21

0.1 J 0.1 0.1 t7

BW

ww

Y\ry

H\il

GFW

CFW

FD

B\il W\ü Y\ry HW GFW CFW FD

Traits: BW, birth weight; Iùy'Vy' weaning weight; YW, yearling weight; HV/, hogget weight; GFVy', greasy fleece

weight; CFW, clean fleece weight; FD, fibre diameter
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1.3.2 Weaning \üeight

Weaning weight is important in the production system. It is the point at which an animal no

longer has its mother's milk as a supply of nutrients and is often the time of sale of the

slarrghter animal. 'Weaning weight is important in the consideration of ewe productivity as

well as the lambs own productivity. Al-Shorepy and Notter (1996) suggest that correlations

of litter size with weaning weight indicate that larger animals may produce larger litters.

However, they also suggest that larger animals at weaning may be less fertile, due to the

negative correlation between weaning weight and subsequent fertility. Snyman et al' (1996)

indicate that selection for another ewe reproduction trait, total weight of lamb weaned, would

increase weaning weight as outlined in the previous section. Sn¡rman et al. (1998c) suggest

that the opposite is also true, selection for body weights will improve the total weight of lamb

weaned due to high positive correlations between them. In a study by Clarke et al. (1997),

Romney sheep lines selected for weaning weight or yearling weight rwere compared to their

respective randomly selected control line. They found that the weaning weight selection line

was consistently superior to its control for body weight, but was significantly lighter than the

yearling weight selection lines. Commonly, in dual purpose and meat breeds of sheep,

selection for increased growth rate is based on body size (Clarke et al. 1997). So weaning

weight has significant implications for both reproductive assessment of the ewe and growth of

the lamb.

Fogarty ( 1995) r eported t hat h eritabilities for w eaning w eight a re generally I arger t han for

birthweight, but stillrange from 0.03 to 0.57,with a weightedmeanof 0.33 (Table 1.3).

Safari and Fogarty (2003) report a larger range of heritabilities from 0.01 to 0.89. Genetic

and phenotlpic correlations between weaning weight and other weight traits are moderate to

highly positive (0.39 to 0.S7). However, correlations with other production traits vaty gteatly.

Genetic correlations for weaning weight and clean fleece weight range from -0.13 (Olesen

and Husabo Lgg4) to 0.53 (V/alkley et al. 1987), and fibre diameter range from -0.32 (Elliott

et at. 1979) to 0.53 (Table 1.3). Parameters estimated since 1995, are all generally within the

ranges reported by Fogarty (1995) (Clarke et al. 1997, Safari and Fogarty 2003).

1.3.3 Maternal Effects

In animal production, individual performance is a result of the individuals' own genetic

makeup and the environment in which it is raised. Prior to weaning it is the maternal

environment that is one of the most important factors for a young animal (Garrick 1990).
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Traits recorded early in the animal's lifetime are most affected by maternal effects (Bradford

1972, Robison 1981). The maternal environment refers to the pre-natal environment provided

by the ewe as well as the milking and mothering ability o f the dam, where the mothering

ability includes the behaviour of the dam towards the offspring. Therefore, the genetic effects

on the phenotype of a lamb or calf are made up of half of thc dircct genes supplied by the

dam, or the individuals genotlpe (direct effect), and the genotype of the dam for milking and

mothering ability (maternal effect) (Garrick 1990, Herd 1990, Meyer et al. 1991, Meyer

lgg2), as well as the obvious environmental effects on both ewe lactation and lamb growth.

Itisnotclearwhatthe sizeofmaternaleffects, andtheirrelationshipswithdirectgenetic

effects are (Hagger 1998). The nature of the correlation between direct and maternal genetic

effects has not been confirmed but are generally negative between direct and maternal genetic

effects. For example, Nasholm and Danell (1996) found a small positive correlation when

studying daily gain, whereas Notter (199S) suggested that there is relatively strong evidence

for a negative relationship between maternal and direct genetic effects for weaning weight.

More reliable breed specific estimates of genetic parameters for use in genetic evaluation are

required for Australia, especially for multiple trait breeding objectives and if different breeds

are included in the model of analysis (Meyer et al. I99l). Some of the variation seen may be

due to several factors that cause complications in calculating values for traits that are

influenced by maternal effects. One of these factors is the nature of the maternal effect itself.

Because the dam provides half of the offspring's genes and displays maternal effect, the direct

and maternal effects are often confounded, this makes it hard to separate and estimate the

correlations between them (Garrick 1990, Meyer 1992). Another factor may be sensitivity to

the structure of the data. Gerstmayer (1992) found that the correlation between direct and

matemal effects was strongly affected by the population structure, such as low numbers of

progeny per dam and a high proportion of dams without a record.

1.3.4 Post-\ileaning Weights

Post-weaning weight is used here as a general term referring to weights measured after six

months of age (i.e. including yearling and hogget weights) but not adult weights (i.e. post 20

months of age). Weights are currently the most common selection criteria used to improve

growth rate. Heritabilities are greater for post-weaning weights than for birth or weaning

weights. A study by Clarke et at. (1997) on lines selected for weaning or yearling weights

showed that selection for yearling weight produced significantly heavier sheep at weaning as
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well as yearling age. A difference in the patterns of muscle and fat development was noted

and a commercial benefit was expected from the yearling weight selection lines if lambs were

marketed on a live weight basis. This difference may be due to early maturation of

intermuscular fat in sheep (Wood et al. 1980, Berg and Walters 1983). Therefore, selection

for yearling weight nray prorluce earlier maturing sheep in rclation to their mature weight than

if selection were earlier (e.g. for weaning weight). Selection for increased live weight may

increase weight at slaughter, but unless live weight selection is coupled with selection for

improved carcase characters, it would not improve the carcase characteristics or composition.

The genetic parameters estimated for post-weaning weights support their use as selection

criteria for increased carcase weights. Fogarty (1995) reported heritabilities ranging from

0.11 to 0.82, with weighted means for wool breeds of 0.26 for weight at 6 to 9 months, 0.45

for yearling weight and 0.57 for hogget weight (Table 1.3). Weighted means were lower for

dual-purpose and meat breeds than for wool breeds. Genetic and phenotypic correlations of

the post-weaning weights amongst themselves were high (0.54 to 0.97). Correlations with

birth and weaning weights were lower (0.07 - 0.32). Correlations with other production traits

were very variable. Genetic correlations reported in Fogarty (1995) between yearling weight

and clean fleece weight were 0.08 (Gunawan et al. 1985) and 0.15 (Brash et al. 1994b), and

yearling fibre dimeter was -0.02 (Brash et al. 1994b) (Table 1.3). Parameters estimated since

1995 are in agreement with the ranges reported in Fogarty's review (1995) (Clarke et al'

lgg7, lgg8, Conington et al. l998,Nicoll et al. 1998, Safari and Fogarty 2003).
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1.4 CARCASE COMPOSITION

The consumption of lamb has declined noticeably over the past 30 years (Lewis et al. 1993).

In order to slow and reverse this trend what is produced needs to be what the consumer

demands (Stanford et ul. 1998). In recent years, thc Australian lamb industry has set about

improving lamb products and lamb image across the industry and in the market place

(Hopkins and Fogarty 199S). Reduced fat and increased consistency of product are the main

requirements of the modern consumer. Carcase weight and fat depth are the two main

specifications for carcases, with some use of conformation by processors and retailers

(Hopkins and Fogarty 1998). Lamb producers, wholesalers and retailers are showing

increased interest in individual animals rather than placing all emphasis on average weight

and fat (Idall et al. 1995b). It has been shown that carcase weight of animals of a particular

breed and sex is closely associated with carcase composition (Kirton and Barton 1958). To

better meet consumer demand, lamb carcases should be evaluated in terms of meat quality

attributes (e.g. tenderness and flavour) and carcase composition (e'g. proportion of lean fat

and bone). Technology is rapidly changing and there ars now many methods of predicting

and manipulating carcase composition. For genetic selection purposes, measurement of body

composition in young, live animals is preferred enabling animals with superior body

composition to be selected as breeding stock as early as possible. However, so that

processors can determine the most appropriate market for the meat produced, measurements

of carcase composition are required in the carcase itself. So relatives of breeding stock should

be evaluated to allow the indirect evaluation of the breeding stock through estimated breeding

values

1.4.1 Measurement in the Live Animal

Subj ective measurements

Visual assessment and condition scoring is a quick, inexpensive method of predicting body

composition (Kempster 1984) and has been used widely for many years. Nicol and Parratt

(19g4) suggest that experienced livestock evaluators have been able to use this technique with

relatively high accuracy. However, maintaining standards over time and space limit the

accuracy and usefulness of subjective live animal measurement (Stanford et al. 1998).
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Ultras ound meas urement

Ultrasound equipment emits high frequency sound waves, which are reflected from the

boundaries between tissues of different bioacoustic densities (Stanford et al- 1998).

Subcutaneous fat depth can be measured using ultrasound scanning. This can be used as a

selection tool in a similar manner to eye muscle area or can be used to monitor growth and

assist in early selection for target markets. Stanford et al. (1995) found that fat depth was a

better predictor of saleable meat yield (percentage of carcase that can be sold as meat) than

live weight. Heritabilities for fat depth range from 0.01 to 0.61 and genetic correlations

between fat depth and growth are generally positive and moderate (Fogarty 1995, Safari and

Fogarty 2003). Significant improvements in sheep body composition have been observed

after 3-4 years of selection using ultrasound measurements of eye muscle depth and fat depth

with live weight (Cameron and Bracken 1992)'

Ultrasound equipment can also be used to measure the depth, width and area of the loin

muscle (eye muscle). The size of this cut of meat is an indicator of the carcase quality as

prime lamb and the yield of lean meat from that carcase (Kenney et al. 1995). Although the

eye muscle area has stronger genetic correlations with lean meat (Kenney et al. 1995), eye

muscle depth is easier to measure. Eye muscle width is not so easy to record and its

measurement is less accurate. For that reason, eye muscle depth is more frequently used.

Kenney (lgg7) found that it is preferable to measure both depth and width (if eye muscle area

is not possible) for use, to increase the size of loin or lean meat in selection. However, eye

muscle depth may be more important if the shape of the loin is the trait to be manipulated.

Kenney (lgg7) also found that the phenotypic correlation between eye muscle area and eye

muscle depth was much greater (0.81) than that between area and width (0.41). Genetic

correlations were very high although no standard effors were presented. These estimates were

confirmed in Fogarty (1995) and Safari and Fogarty (2003) review's. Heritabilities for eye

muscle area,Íange from 0.08 to 0.45, for eye muscle depth, range from 0.11 to 0'54, and for

eye muscle width, range from 0.04 to 0.15 (Fogarty 1995). V/eighted means of genetic

correlations of eye muscle area and production traits were reported in the range -0.41 to 0.5 1.
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1.4.2 Measurement in the Carcase

Subjective measLffes

As with live animal body composition, subjective assessment is a quick and inexpensive

method of estimating carcase composition. Subjective assessment of fatness or conformation

is used for commercial evaluation of lamb carcase composition in many countries including

Australia, South Africa, and USA (Jones et al. 1992). Carcase fatness and conformation are

related. Lamb carcases with good conformation are generally fatter than those with poor

conformation (Kempster et al. 1981, Stanford et al. 1995). Subjective assessment for

evaluation of carcases has been more useful when the lambs assessed are from a diverse range

(i.e. from different breed types, age or size) (Kirton et al. 1992, Tatum et al. 1998), compared

to assessment of uniform lamb groups (Kempster et al. 1981). However, even in these

diverse groups subjective measures have only been marginal predictors of carcase

composition (Stanford et al. 1998).

Carcase Weight

Carcase weight has been shown to be associated with carcase composition for a particular

breed and sex (Barton and Kirton l95S). It has also been found to be a superior predictor of

carcase fat content (kg) over dressing percentage, as carcase weight is not influenced by

variation in gut fill (Barton and Kirton 1958) and is not subject to as many measurement

effors as specific gravity (Kirton and Barton 1953). This is supported by Nicoll et al- (1998)

reporting that Suffolk sired lambs had heavier hot carcase weights and displayed rapid early

growth with high fat levels at slaughter. However, carcase weight is not as useful when

predicting the proportion or percentage of fat, muscle and bone in the carcase (e'g. Kirton e/

al. 1915,Stanford etat. 1998). Oneofthemainreasonsfortheuseofhotcarcaseweightis

the ease and therefore, minimal cost to measure.

There is much variation in heritabilities estimated for carcase weight. For example, 0.17

estimated by Henningsson and Malmfors (1995, cited by Conington et al. 1998) and 0.39

(Conington etal.1998). C onington etal. (199S)reported geneticcorrelationsforcarcase

weight, ranging from -0.73 for correlations with pre-slaughter condition score, to unity for

correlations with shoulder weight and dissected lean. Phenotypic correlations were slightly

less extreme ranging from 0.12 to 0.89. Considering the widely proclaimed use of carcase

weight as a predictor of carcase composition (carcase fat content), there are few genetic

Literature review Chapter 1 19



parameter estimates reported in the literature for carcase weight as a predictor of carcaSe

composition especially for Merinos.

Linear Measures and Grade Rule

Attempts to establish carcase composition using simple, inexpensive and accurate methods

using carcase dimensions and fat or muscle depths have occurred for many years (Palsson

1939, Timon and Bichard 1965, Stanford et al. 1997). However, no single measurement or

group of measures has been identified as optimum for prediction (Stanfotd et al- 1998).

Palsson (1939) suggested several carcase measurements including, maximum width and depth

of the longissimus muscle, maximum depth of back fat over the rib and longissimus muscle,

and carcase length. Kempster (1931) concluded that carcase dimensions are poor individual

predictors of carcase composition, but Stanford et al. (1997) found that the use of several

carcase dimension measurements were useful for the prediction of saleable meat yield and

percent of leg primal. However, several carcase measurements (eg depth of the longissimus

muscle, fat depth at C and GR sites) would be considered too time consuming for practical

Grade rule, or GR, is the total tissue thickness between the carcase surface and the region of

the 12th rib, measured 110mm from the carcase midline (Kirton et al.7985, Hopkins and

Fogarty 1998, Stanford et at. 1998). GR is generally measured in Australia with an optical

probe (Hopkins et at. 1995a). GR has been shown to explain 40 to 760/o of the variation in

weight of carcase fat and lean (Jones et at. 1992). It has also been shown that using both GR

and carcase weight improves the prediction of saleable meat yield (Jones et al. 1992, Hopkins

et at. 1995b). Hopkins and Fogarty (1998) extended this to show that with the inclusion of

carcase measured eye muscle aÍea aî additional 77o/o of the variation in saleable meat yield is

explained. Generally fat depths measured in the carcase have higher heritabilities than live fat

measurements. Heritabilities reported by Fogarty (1995) and Safari and Fogarty (2003)

ranged from 0.15 to 0.54 and genetic and phenotypic correlations between live fat records and

carcase fat measurements range from 0.39 to 1.0.

use.
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1.5 WOOL TRAITS

1.5.1 Reproduction and Wool Traits

It is important to have an indication of the effect of an improvement in productive

performance on reproduction traits and vice versa. For the Merino, the impact of reproductive

rate improvement on wool traits is important. Correlation estimates between greasy fleece

weight and number of lambs weaned are variable and range from -0.85 to 0'87 (Kennedy

1967, Cloete and Heydenrych 1987, Davis 1987). Correlations between clean fleece weight

and number of lambs weaned are just as variable ranging from -1.13 to 0.64 (Kennedy 1967 ,

Cloete and Heydenrych 1987, Davis 1987). Fogarty (1995) calculated the weighted means of

the correlation between greasy fleece weight and clean fleece weight with number of lambs

weaned to be -0.10 and -0.13 respectively (Table 1.4). While the weighted means indicate a

negative relationship, the variability of the values reported for Merinos would indicate that

correlations between composite reproductive traits and fleece weights needs to be studied

further.

Table 1.4 \ileighted meâns of literature estimates of phenotypic and genetic

correlations (number, standard deviation of estimates) between reproduction and

fleece traits taken from Fogarty (1995)

Traits: NLW, number of lambs weaned; WLW, weight of lambs weaned; OR, ovulation rate; LS, litter size; RA,

rearing ability; SC, scrotal circumference; GFW, greasy fleece weight; CFW, clean fleece weight; FD, fibre

diameter

Weighted means of correlations between fleece weights and component reproductive traits

(e.g. litter size) are very low and close to zero (Table 1.4) indicating that there may be no

detrimental interactions between reproductive rate and fleece traits. Estimates of genetic

correlations between fibre diameter and number of lambs weaned (per ewe joined and per ewe
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-0.16
(5,0.34)

-0.10
(2,0,78)

0.13
(2, 0.s l)

0.53
(l)

-0.10
(1)

0.01
(8,0.15)

0.14
(2, 0.08)

0.08

0.31
(l)

0.15
(1)

0.39
0.1

GFW

Genetic CF\ry

FD

-0.10
(5,0.08)

-0.13
(2,0.01)
-0.04

(2, 0.06)

0.09
(r)

0.11
(l)

0.10
(l)

0.01
(1)

0.03
(8, 0.07)

-0.01
(2,0.r2)
-0.04

(2,0.01)

-0.02 0.12
(l) (l)

-0.01 0.08
(l) (1)

-0.02 -0.01
(l) (2, o.os)

GFW

Phenotypic CFW
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NLW \ilLW OR LS RA SC



lambing)rangefrom0.28to0.50inMerinos(CloeteandHeydenrych I987,Davis 1987).

positive genetic correlations indicate that an increase in reproductive rate will increase fibre

diameter which is in contrast to the requirements of a wool producer. However, phenotypic

correlations r eported are n egative b ut c lose t o z eÍo for b oth number o f lambs w eaned and

other component reproductive traits (Table 1.4) (Cloete and Hcydcnrych 1987 , Davis 1987,

Fogarty 1995, Safari and Fogarty 2003).

Weighted means of correlations reported by Fogarty (1995) between the male reproductive

trait scrotal circumference and fleece traits follo'w the same trend as the female traits (Table

1.4). Fleece weights with scrotal circumference have low correlations both phenotypic and

genetic, and fibre diameter with scrotal circumference has negative but close to zero

phenotypic correlation and moderate (0.39) genetic correlation.

1.5.2 Growth and Wool Traits

The Australian lamb industry relies predominantly on the Merino to supply ewes for lamb

production. Some 40%o of the annual slaughter is made up of lambs from Merino ewes, in

addition to this crossbred Merino ewes are used to produce second cross lamb (Fogarty et al'

2000). The Merino, traditionally considered a wool breed, is providing a latge proportion of

the genes to the meat sheep of Australia and is actually being used as a dual-purpose breed.

Now that this is being acknowledged within the industry and lamb prices have risen relative

to wool there is greater interest in the relationship between wool and carcase in the Merino.

Growth, measured as weights, has been well correlated with wool traits in the past. However

there are few estimates of correlations between wool and carcase traits'

There are many published correlations, both phenotypic and genetic, between wool traits and

live weights at various ages. These correlations are generally moderately positive (Table 1.5).

This indicates that there is no antagonistic relationship between improving wool characters

and increasing the live weight of Merinos. Fogarty (1995) only reports weighted means for

correlations of live fat and muscle depth with greasy fleece weight and fibre diameter (Table

1.5). Estimates published since 1995 (Lee et al.2002, Fogarty et al.2003, Gteeff et al' 2003)

are similar to the weighted means (except for correlations between clean fleece weight and

eye muscle depth which were low and positive). Estimates between other carcase traits such

as pH and colour, which are related to the eating quality of the meat, and fleece traits have

been reported by Fogarty et al. (2003) and Greeff et al. (2003). While the estimates'from
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these two publications do not agree with each other they both indicate that with further

investigation some improvement in meat quality of Merinos may be made using selection.

Due to the scarcity of estimates between wool and carcase traits further investigation must be

carried out on the Merino in the different environments within Australia.

Table 1.5 \ileighted means of literature estimates of phenotypic and genetic

correlations (number, standard deviation of estimates) between growth traits and

fleece traits taken from Fogarty (1995)

0.25
(8,0.30)

0.12
(s, 0.28)

0.77
(3, o.le)

0.33
(20,0.23)

0.24
(8,0.24)

0.04
(9, 0.30)

0.21
(22,0.17)

0.18
(13, o.l5)

0.10
(lr.0.17)

-0.08
(3,0.27)

-0.55
(l)

-0.06
(l)

GFW

Genetic CF.\V

FD

0.24
(8, 0.07)

0.25
(5,0.06)

0.01
(3, 0.08)

0.29
(21, o.ll)

0.29
(e, 0.07)

0.08
(e,0.08)

0.31
(2r,0.10)

0.29
(11, O.oe)

0.13
(9,0.05)

0.15
(3, o.o2)

0.19
(1)

-0.00
(l)

GF\ü

Phenotypic CFW

FD

BW ww H\il FAT EMD

Traits: BVy', birth weight; WW, weaning weight; HW, hogget weight; FAT, live fat depth; EMD, live eye muscle

depth; GFW, greasy fleece weight; CFW, clean fleece weight; FD, fibre diameter
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1.6 SUMMARY

There has been interest in the use of quantitative genetic methods to improve reproduction,

growth and carcase composition for over half a century. Improvement of these three aspects

of sheep production by genetic means is clearly possible'

Many studies have been carried out to determine how heritable female reproductive traits are

and how they interact with other traits. The general conclusion is that female traits are lowly

heritable, but while heritabilities are low, they are positive and sufficient variation occurs

within these traits to allow for improvements to be made. Reproduction in the female is

complex and can be divided into component traits that interact and make up composite traits.

Component traits have higher heritabilities than composite traits and historically, the

component trait litter size has been recommended and used in selection for improved

reproductive rate. Female reproduction traits are expensive and difficult to measure, as well

as being sex and age limited. Male reproduction traits have been investigated as alternatives

to female traits. The literature suggests that it is possible to use male traits to improve female

reproductive ability via indirect selection.

Growth of animals is generally improved or increased by selection for increased weight.

post-weaning weights have higher heritabilities than birth and weaning weights which are

complicated by maternal effects. However, knowledge of the interactions of all of these

weights is important for the genetic manipulation of growth pattems. At the time of slaughter

low levels of fat, large amounts of lean tissue and consistency in relation to quality are

desirable. Genetic selection can be used to achieve these requirements if live carcase

measurements as well as weights are used for prediction of carcase composition'

The purpose of this study is to estimate genetic parameters for the traits corresponding to

reproduction, growth, and wool specifically for Merino sheep. Studies have been carried out

on Merinos in the past for wool traits and reproduction individually, but as the Merino is

considered mainly as a wool producer there are relatively few estimates for growth and

carcase composition for this breed. V/hile further estimating genetic parameters for these trait

groups individually, and identifying those that are outstanding for use in breeding objectives,

the genetic relationship between wool and reproduction will be further developed and the

genetic relationship between wool and growth traits will be investigated.
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Chapter 2

General Materials and Methods

In this chapter the environment, sheep, records taken and the statistical procedures used are

described in broad terms. Further details specific to each chapter are given within the chapter.

Data from two South Australian Research and Development Institute projects were used in

this thesis, the Turretfield Resource Flock (TRF) Project, for the reproduction study, and the

Selection Demonstration Flock (SDF) Project, for the growth and carcase study. Both were

used for associations of these traits with wool traits.

2.I ANIMALS AND ENVIRONMENT

2.1.1 Turretfield Research Centre

Both of the above mentioned projects were based at the Turretfield Research Centre (TRC),

which is located near Rosedale, 55km north east of Adelaide, South Australia. TRC is in the

wheat-sheep zorrc of South Australia, and has an average annual rainfall of 464mm, of

predominantly winter (May to September) incidence. At the commencement of the two

projects, the TRC comprised 650ha at Rosedale and 420ha at Kingsford. Up to 300hawere

cropped annually for pure seed or agronomic trials or as hay or grain crops for sheep feed.

The combined carrying capacity of the remaining pasture land was 5000 dry sheep

equivalents.

2.1.2 Turretfield Resource Flock

Background

The Turretfield Resource Flock was established in 1988. Ewes \¡/ere a random selection

purchased from four South Australian ("Strong-woo1") Merino studs, representing two family

groups. The studs were East Bungaree and Anama, which \¡/ere representative of the

Bungaree family group, and Collinsville and Southrose, which were representative of the
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age

Collinsville family group. This created a flock of 2000 ewes ranging from two to six years of

Each year approximately 15 rams \ryere purchased from each of the four Merino studs. These

were randomly selected from rams that had been pelfonnance tested (Anama and Southrosc)

or had been assigned various price grades (Collinsville and East Bungaree). The animals used

in this project were born over four years (1989 - 1992). There were no like sires across years

but there were good genetic linkages across years through dams.

Ram progeny were offspring of 158 sires, with an average of 15 progeny born per sire. In

comparison, the ewe progeny were offspring of 150 sires, with an average of 14 progeny (at

16 months) per sire, (Table 2.1). The minor difference between ram and ewe progeny was

simply due to the chance effect of some sires leaving only a small number of progeny of one

SEX,

Table 2.1 The size of the pedigree and overall number of records for each trait
analysed in the TurretfTeld Resource Flock

Fleece traits s3484 4454 160 2440
Live wei 1 0985 4448 152 2443

Number of lambs weaned
Fertility

Litter size
Rearing ability

Scrotal circumference

9890
9890
8r23
8t23
6702

209s
2095
2095
2095
23s3

r47
r47
t47
147
r52

1486
1486
7486
r486
t723

Trait Records Animals Sires Dams

Management

The management program for the flock reflected (as far as practicable) South Australian stud

Merino industry practices. Mating took place over an eight-week period in November and

December. Each year, approximately 12 sires (except during 1989, in which it was

approximately five sires) from each stud were single sire mated on a within stud basis, to 40

randomly allocated erù/es. Lambs were born in April-May and weaned at an average age of 13

weeks in early August. Ram and ewe lambs were managed separately following weaning.

All lambs were shorn at about four months of age, soon after weaning. Thereafter, the ram

progeny were shom (six months wool growth) and performance recorded at 10 (February) and

16 (August) months of age, andwere sold for slaughter afterthe 16 month assessment. The
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ewe progeny were shorn (12 months wool growth) and performance recorded at l6 months of

age, and then shom and performance recorded annually thereafter up to five and a half years

of age, when they were discarded from the project. No conscious culling was conducted

within the sire groups, therefore any losses were from deaths due to predation or disease only.

Records

For each experimental lamb born, the identity, age of the dam, date of birth, the tlpe of birth

and of rearing, and all management details were recorded. The complete list of characters

from the TRF project used in this thesis is shown inTable 2-2.

Table2.2
thesis

Traits recorded in the Turretfield Resource Flock and studied in this

Wean: weaning, 10 mo: l0 months, 16 mo: 16 months

Measurements

All measurements were taken by a team of South Australian Research and Development

Institute employees unless otherwise stated.

Number of lambs ìryeaned (0, 1, and 2) was recorded as the number of lambs weaned per

ewe joined per year. There were very few triplet births so they'were grouped with twin births

to create a multiple birth group.

Fertility (0 or 1) was recorded as whether or not a mated ewe had a lamb

Litter size (1 or 2) was recorded as the number of lambs born per ewe lambing

Fibre diameter
Clean fleece weight

Staple length
Staple strength

Live weight

No. of lambs weaned
Fertility

Litter size
Rearing ability

Scrotal circumference

Birth Wean 16 mo. 2-5 yearsBirth Wean 10 mo. 16 mo.

FemalesMales
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Rearing ability (0 - 1) was considered as a trait of the ewe and was calculated as the

proportion of lambs born that were reared to weaning.

Average traits were calculated as the average of the trait over the ewe's reproductive life

(four years).

Scrotal circumference (cm) was measured at weaning (5 months), l0 months and l6 months

of age with a measuring tape, atthe point of maximum diameter along the testicle'

Live weight (kg) was measured shortly after birth, and approximately one month after each

shearing (4 months, 10 months (ram progeny only), 16 months and every 12 months

following (for ewe progeny)). The live weight was determined using a Ruddweigh@

electronic weighing system.

Fibre dÍameter (pm) was measured by the Turretfield Fleece Measurement Service. A

sample from the mid-side fleece sample was measured using a CSIRO developed Fibre

Diameter Analyser. The fibre diameter of the samples vr'as measured in a controlled climate

of 20 degrees Celsius and 60 per cent humidity.

At each shearing, mid-side fleece samples were taken from the right and the left side of each

fleece. The remainder of the fleece, the mid-side fleece samples and the belly were weighed

on a weigh pan, and this weight was recorded as the sheep's ereasy fleece weieht (ks).

Yield (percentaee) was measured by the Turretfield Fleece Measurement Service.

Approximately 50 grams of the mid-side fleece sample was weighed at room temperature

before going into the scourer and then re-weighed after drying and cooling to room

temperature. Yield was calculated as the weight of the wool after washing as a percentage of

the original greasy wool weight (Equation2.l).

yield: (post-wash weight of sample / pre-wash weight of sample) x 100 (Equation 2.1)

Clean fleece weight (kg) (CFV/) was calculated using the above two measurements

(Equation 2.2).

CFW: (Greasy Fleece Weight x Yield) / 100 (Equation 2.2)
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:

Staple length (mm) and Staple strength (Newtons per kilotex N/ktex) were measured by

Australian Wool Testing Authority, located in Fremantle using the Automatic Tester for

Length and Strength (ATLAS) machine. Fifteen staples from the mid-side fleece sample

were used to measure staple length and strength and average values were obtained.

2.1.3 Selection Demonstration Flocks

Background

The Selection Demonstration Flock Project was established in 1996 as a means of illustrating

the relative advantages and disadvantages of the altemative breeding strategies available to

the sheep industry. Five drops of lambs have been produced at Turretfield Research Centre

(Igg7 - 2002) and a further three drops are expected before the project ends. However, only

the 2000 and 2001 drops have been used in this thesis.

Commencing with a first lamb drop born in 1997, four flocks, each comprising 200 ewes

were established:

1. Control flock. Selection was at random, 20 sires per year were used to minimise

random genetic drift.

2. Selection mainly based on objectively measured performance records (MPR), but with

some attention to visually assessed wool and body faults.

3. Selection mainly based on professional classer assessment of wool quantity and

quality (PCA), and on the ability of the sheep to thrive and reproduce. Occasional and non-

systematic use of objective measurement data.

4. Elite wool flock (EV/F). Selection largely based on the technological package that

favours sheep having smooth, loose and pliable skin. The approach is commonly known as

'soft rolling skin' (SRSTM) or as 'elite wool' and its rationale is given by Elliott (1996) and

'Watts (1995). It involves a visual and tactile evaluation of the skin, use of objective

measurement and matching of sire and ewe characteristics.

These four flocks will be referred to as 'conventional Merinos', to distinguish them from

another, more specialised flock, that was established in 2000, namely:

5. The Meat Merino line (Fibre Meat Plus, FM+;. The emphasis in this flock was on

growth, carcase traits and reproduction, while paying attention to wool quality (fibre diameter

i
c

I
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in particular), but only maintaining fleece weight. A total of 190 ewes selected according to

an agreed breeding objective emphasising meat related traits (high reproductive rate, growth

rate and muscling, and low fibre diameter) were assembled at Turretfield Research Centre.

The first artificial insemination (AI) of these ewes took place in January 2000. Four Merino

sires were selectetl according to the breeding objectivc using Lambplan records and any other

performance information available. One Dohne Merino sire was also used' A breeding

objective accommodating the following aims has been used when choosing ewe and ram

replacements; maintairr a high clean fleece weight and approximately 19¡rm wool, increase

reproductive rate, improve: lamb growth rate, carcase quality, and eating quality. The lambs

born in 2000 were fully pedigreed and intensely recorded for reproduction, wool and body

traits. The lambs have been run in such a way as to enable the comparison with the

conventional Merinos in the SA Selection Demonstration Flocks (Ponzoni et al' 2000). This

will allow the monitoring of progress in reproduction, growth, carcase traits, as well as any

changes that could occur in wool traits, and will constitute a direct and highly credible means

of benchmarking.

Size and Origin of the,SDFs

Each of the conventional Merino flocks (numbers I to 4 above) consisted of 200 breeding

ewes plus all the corresponding followers. The ewes that formed the basis of these SDFs

originated from the TRF described previously. Such ewes v/ere considered to be

representative of what was present at the time of beginning the project (1996) in the majority

of South Australian Merino flocks.

The FM+ flock (number 5 above) also consisted of about 200 breeding ewes' It was

established mainly based on contributions of highly selected ewes by seven participating ram

breeders and producers. In addition approximately 23 per cent of ewes were selected from the

TRF and SDF projects.

Ram Breeding Policy

The 20 rams initially used in the Control (number 1 above) were purchased in 1993 and 1994

as hoggets for the TRF project, constituting a random selection from the four earlier

mentioned South Australian Merino studs (Anama, Collinsville, East Bungaree and

Southrose). Twenty new young rams bred within the flock and chosen at random within sire

groups were used each year.

irf'l

I

I

i

I
General materials and methods Chapter 2 30



SDFs number 2 - 4 (MPR, PCA and EWF) were open to outside sires for the first two

matings,whichresultedinthe 1997 andlggSlambdrops. Fromthat timeonwards,each

flock bred its own replacement sires. The FM+ (number 5 above) was open to outside sires

for the matings that resulted in the 2000 and 2001 drops.

Sheep Generated to Date

For SDFs | - 4, seven rounds of ewe and sire selection have taken place (1996 to 2002). The

first drop of lambs was born in June-July 1997, and the sires for the (January) 1999 mating

were selected late in 1998 from this drop. The second drop of lambs was born in June-July

1998, and sires for the (January) 2000 mating were selected late in 1999 from this drop.

Similarly, the third to sixth drops of lambs were bom in June-July 1999 to 2002, and sires for

the (January) 2001 to 2003 matings were selected late in 2000 to 2002 from these drops'

respectively. Six of the selected sires have been used for mating more than one year, thus

providing a genetic link across years.

In the FM+ flock, four rounds of ewe and sire selection have taken place (1999 to 2002). The

f,rrst two rounds involved the introduction of outside sires, whereas in the third and fourth

round a combination of outside and home-bred sires was used. The hrst drop for this flock

was born in June-July 2000, and 3 sires for the (January) 2002 mating were selected from this

drop. A second drop for this flock was bom in 2001, a third in 2002 and a fourth in 2003'

l79l progeny \¡/ere offspring of 89 sires, with an average of 18 progeny bom per sire (Table

2.3). For the purposes of this study only data from the 2000 and 2001 drops was available.

d
i"
i

I
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Table 2.3 The size of the pedigree and overall number of records for each trait
analysed in the Selection Demonstration Flocks

Fleece traits 6598 t79l 89 lo52

Live weight
Fat depth

1 5500
rt796
t1796

1

1

1

79
79
79

1

1

1

89
89
89

1052
t052
t052E muscle

Trait Records Animals Sires Dams

Management

Mating occurs for all flocks in January and February. Eachyear,2O rams were mated to 10

ewes each in the Control flock and between four and six rams were single sire mated to

between 30 and 50 ewes in the other flocks. Lambs were born in June - July and weaned in

September - October (at an average of 12 weeks of age). Subsequently rams and ewes were

managed separately. All lambs were shorn in OctoberA{ovember and then again as hoggets

the following October/l'{ovember.

The 2000 drop animals were exposed to very high water salinity levels during January 2001.

A section of the North Para River, the lambs' water supply, had salt levels up to 8000ppm,

which is 3000ppm above what is considered tolerable by lambs (Landcare Notes 1999).

Lambs\ryere removed fromthisareaandwere grazedonpeastubbles withsupplementary

feed (Q.5kglh ead/day of barley/pea mix and 0.5kg of oaten haylheadlday) until the condition

of the lambs improved to a satisfactory level. It was believed that this high salt level was the

cause of condition loss. Horvever, the same drop in condition occurred at the same time for

the 2001 drop with appropriate salt levels, although at 7 months there were less deaths in the

2001 drop (6.5 per cent versus 3.3 per cent).

Records

For each experimental lamb, the identity, age of the dam, date of birth, the type of birth and of

rearing, and all management details were recorded. The complete list of characters from this

project used in this thesis is shown inTable 2'4.

.T
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Table2.4
thesis

Traits recorded in the Selection Demonstration Flocks and studied in this

Fibre diameter
Clean fleece weight

Staple length
Staple strength

r'
Live weight

Fat depth
Muscle depth

Birth 'Wean 4 5 1 810
months months

13

months
16

monthsmonths months months

t
Ì

;

Measurements

All measurements were taken by a team of South Australian Research and Development

Institute (SARDD employees unless stated.

Live weight (kg) was measured within 24 hours of birth, at weaning (average of 12 weeks

old) and five measurements approximately every six weeks from an aveÍage of 15 weeks of

age with two later measurements at yearling and hogget age. All live weights were

determined using a Ruddweigh electronic weighing system. Birth and weaning weights were

measured by SARDI staff and subsequent measurements were taken by an accredited

Lambplan assessor.

Fat and eye muscle depth (mm) was measured using an ultrasound scanner by an accredited

Lambplan assessor approximately every six weeks from an aveÍage of 15 weeks of age, with

two later measurements at yearling and hogget age. Both measurements were taken between

the l lth and l2th rib.

Fibre diameter (¡rm) was measured by Australian Fibre Testing.

One month prior to shearing, a mid-side fleece sample was taken from one side of each sheep.

At shearing the fleece and the belly were weighed on a weigh pan, and this weight was

recorded as the sheep's greasy fleece weieht (ke).

Yield (percentage) was also measured by Australian Fibre Testing.

l
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Clean fleece weight (kg) was calculated using the above two measurements (Eqtaion2.2)

Staple length (mm) and Staple strength (Newtons per kilotex N/ktex) were measured by

Australian Wool Testing Authority

2.2 DATA EDITING

In all data sets an entire progeny group was discarded if a sire had less than five offspring. In

addition, because of low numbers, triplet born lambs were combined with twin bom

counterparts for analysis. F or example, a tripletborn lamb thatrù/asraised as atwinwas

combined with twin born lambs raised as twins in the type of birth and rearing class.

Similarly, offspring of eight and nine year old dams were combined with those of six year old

dams.

2.3 STATISTICAL ANALYSIS AND NOTATION

The models used for each analysis are detailed in the relevant chapter, the general procedure

is outlined below. T he levels of factors and their abbreviations for each data set and any

notation that has been used throughout the thesis is defined below.

A sire model was run initially using PROC MIXED (SAS 1999) to determine significant fixed

effects. Thismodelwasalsousedtoestimate variancebetweensireandtotalphenotypic

variance components for each trait, which were then used as starting values forunivariate

analysis by restricted maximum likelihood procedure within ASReml (Gilmour et al. 2002).

Multi-variate analyses were then used to estimate genetic parameters determined by fitting a

restricted maximum likelihood procedure animal model to the data that included the

predetermined fixed effects. For each trait, there were a several parameter estimates

calculated from multi-trait analyses. The variance of these different parameter estimates for

each trait was determined. The variances indicated that the variation among the estimates

from different analyses was small. Confidence intervals calculated from these variances were

much smaller than those obtained using the standard errors given by ASReml. This indicates

that the parameter values for any given trait were not influenced by the context in which they
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were in multi-trait analyses. Consequently, the different multi-trait estimates were averaged

to represent one multi-trait estimate for the heritabilities and correlations of the traits used in

this thesis.

Note that the methocls used to estifirate the genetic parametcrs (i.e. heritabilities and genetic

correlations) determined only the genetic variation in a particular character that could be

attributed to additive genetic differences between individuals. Genetic differences due to

dominance deviations or interaction deviations (i.e. epistasis: interaction among two or more

non-allelic genes) were ignored, since these sources of genetic variation are difficult to

estimate accurately given the family structure of the data. Maternal genetic effects were not

able to be estimated due to the lack of depth in the pedigree available.

Throughout this thesis, heritabilities and correlations will be referred to as very low to very

high according to the classification in Table 2.5 (adapted from Brown and Turner 1968). All

standard effors will be reported at one decimal place more than the corresponding parameter

rather than as an indication of accuracy of the measurement.

Table 2.5 Classification of heritability and correlation estimates

< 0.10
0.10 - 0.24
0.25 - 0.39
0.40 - 0.59

> 0.60

0.00 - +0.19
+0.20 - +0.39
+0.40 - +0.59
+0.60 -+0.79

> +0.90

Very low
Low

Moderate
High

Very high

Heritability CorrelationsClassification

2.3.1 Factor Levels

Reproduction Analysis using Turretfield Resource Flock Data

Factors for reproduction and associated fleece analysis are defined as follows:

o Sire of the lamb - 453 levels

¡ Year l.166levels

. Year 2. 134levels

' Year 3. 94levels

' Year 4. 59 levels

o Year - 4 levels (1989 - 1992)
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o Flock of Origin - 4 levels

o Type of birth and rearing (Tobr) - 3 levels (singles raised as singles 11, multiples

raised as singles 21, multiples raised as multiples 22)

o Age of dam (Aod) - 4 levels (ewes aged2 - 5)

Growth Analysis using Selection Demonstration Flock Data

Factors for growth and associated fleece analysis are defined as follows:

o Year - 2 levels (2000 - 2001)

o Flock - 5 levels (Control, MPR, PCA, EWF, FM+¡

. Type of birth and rearing (Tobr) - 3 levels (singles raised as singles 11, multiples

raised as singles 21, multiples raised as multiples 22)

. Age of dam (Aod) - 4 levels (ewes agedZ - 6)

2.3.2 Matrix and Vector Notation

Matrix and vector notation used in this thesis is defined as follows:

xntl : a vector "x" of length n.

Xn'q : a matrix "X" with n rows and q columns.

Also, standard statistical notation will be used, so

y - w{tt,o'ìl

is interpreted as "y" being normally distributed with mean p("mu") and variance o' 1"sigu

squared").

V/here the model fitted is described symbolically interactions between two effects are noted

using a colon. For example year by sex interaction symbolically is year:sex.
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Chapter 3

Genetic Parameters for Reproduction Traits

3.1 INTRODUCTION

Female reproductive efficiency is one important component of the overall productivity of

sheep. Much variation exists within and between breeds, flocks, ewes and rams for this

complex attribute (purvis and Hillard l99l). However, the low heritabilities of reproductive

traits reported in the literature mean that achieving genetic improvement within a flock is

difficult. Number of lambs weaned per ewe joined is a commonly used measure of female

reproductive efficiency which has several components (i.e. fertility, litter size and rearing

ability). Because of the low heritabilities, and the labour intensive nature of performance

recording female reproduction traits, male characters such as scrotal circumference have also

been investigated for their possible use as indirect selection criteria.

The suggestion that a genetic relationship exists between male and female reproduction traits

is based on the physiological fact that the same hormones are involved in gonadal

development and reproductive ability of both sexes (Land et al. 1980). Testis size of the male

has been suggested as an indicator of female reproductive ability (Land 1973). This

hypothesis has been supported by evidence of correlated responses in female or male traits

after selection on reproduction traits of the other sex in mice (Islam et al. 1916, Eisen and

Johnson 1981, Hill et al. 1990), pigs (Cunningham et al. 1919, Schinckel et al' 1983), cattle

(Toelle and Robison 1984) and sheep (Land and Carr 1915, Hanrahan and Quirke 1977,

Ricordeau et at. 1979, Burfening and Tulley l98z,Purvis et al. 7988).

As purvis et al. (1988) point out, contradicting results have been found. Hanrahan and Quirke

(Ig77) reported a significant correlated response in testicular diameter from selection on

ovulation rate in Finnish Landrace sheep. 
'Whereas Land et al. (1982) and Haley et al' (1990)

found no change in female reproduction when selecting for testicular diameter adjusted for

live weight in Finn-Dorset crossbreds. The disagreement between these results may be due to

the difference in the definition of the male trait of interest. Definition of reproduction traits is

important when attempting to determine the value of a trait as a selection criterion. In order

to predict responses in reproductive traits, heritabilities, phenotypic and genetic correlations
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among these traits and others in the breeding objective must be known. In this chapter,

phenotypic and genetic parameter estimates are reported for female and male reproductive

traits for South Australian Merino sheep.

3.2 MATERIALS AND METHODS

The data are from the Turretfield Merino Resource Flock (Chapter 2.1'.2) with the number of

records, mean, standard deviation and the range for each of the traits shown in Table 3.1. The

distribution of the average female traits is shown in Figure 3.1. Average Female traits are

closer to a normal distribution than traits at individual ages.

Tabte 3.1 Number of records available (n), mean, standard deviation (s.d.)' coefficient

of varÍation (CV) and range for ewe reproduction, ram scrotal circumference and

live weight

Weaning weight (kg)

Live weights (kg)

ww
wTl0
\üT16

2345
2209
2170

20.9
42.4
51.9

5.s2
7.tl
7.24

0.26
0.17
o.t4

1.0 - 43.9
19.0 - 67.0
24.5 -79.2

Scrotal
circumference (cm)

SC5
SClO
SC16

2336
2202
2164

17.5

26.4
31.8

3.76
3.54
2.88

0.27

0.13
0.09

9.0 - 30.5
12.0 - 39.5
t7.0 - 40.5

RA28
RA4O
RA52
RA64
aRA

t415
1671
1667
1600
t770

0.55
0.70
0.73
0.72
0.69

0.49
0.44
0.41
0.41
0.28

0.89
0.63
0.56
0.51
0.41

0-l
Rearing ability -

ratio of lambs
reared to lambs

born

0-1
0-l
0-1
0- 1

Litter size - number
of lambs born per

ewe lambing

LS28
LS4O
LS52
LS64
aLS

1415
t67r
t667
1600
7770

1.08
r.27
t.43
t.52
1.13

0.28
0.45
0.50
0.50
0.36

0.26
0.35
0.35
0.33
0.32

r-2
t-2
r-2
t-2

0.25 -2

Fert28
Fert40
Fert52
Fert64
aFert

2073
2406
191 8

1820
2073

0.68
0.83
0.87
0.88
0.82

0.47
0.37
0.34
0.33
0.24

0.69
0.45
0.39
0.38
0.29

0- 1

0- I
Fertility of the ewe

- ewe lambing or not
0-1
0- 1

0-1

NLW28
NLW4O
NLW52
NLW64
aNLW

2073
2006
1918
1820
2073

0.59
0.87
1.02
t.07
0.90

0.54
0.62
0.67
0.69
o.4l

0.92
0.7r
0.66
0.64
0.46

0-2
Number of lambs
weaned per ewe

joined

0-2
0-2
0-2
0-2

Trait Abbreviation n Mean s.d. CV

Figures after the abbreviation are months of age, aNLV/ : Average

aFert: Average fertility of the ewe, aLS : Average litter size, aRA
number of lambs weaned over a lifetime,
: Average rearing ability
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and

Statistical Analysis

Data were analysed using linear mixed model methodology in ASReml (Gilmotr et al' 2002)'

An animal term was fitted allowing optimal analysis of a finite population. All two-way

interactions between fixed effects were tested but were non-significant and therefore were not

included in the final models.

The final base model can be written as:

y=Xr +Zra+Zrs+e

where

y - N(x" ,o3z,AZ', + o!zrz', * o\,)

where X'"' is a design matrix which assigns the effects to animals, Tt'' is the vector of

fixed effect means, Zi"' is the design matrix for the animal effects, A is the numerator

relationship matrix, Zi"q is the design matrix for the sire of the lamb effects. The vectors â

and s represent the animal (ewe) and sire of the lamb effects respectively. el" is the vector

of random errors. o] isthe variance due to the animal (ewe) effect, o! isthe variance due

to the sire of the lamb effect and, O2 is the residual variance parameter.

The model fitted to the data can also be symbolically written as

y - mean + year (1989-1992) + flock (t-4) + type of bifth and rearing (I]-, 2L,

22) + linear regression(age of ewes dam) + animal + sire of the lamb

Terms fitted as random effects in the model are underlined, all other terms are fitted as fixed

effects, with levels in brackets. This formed the base model for all analyses. Each variate

C-Nþ,O 2
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was tested and the model was modified where necessary. Changes to the base model for each

variate are shown in Table 3.2.

Table 3.2 Final models fitted to reproduction traits

A simple repeatability model was fitted to the female data with a genetic effect, a non-genetic

effect and a residual. Fixed effects included were as in the base model. More sophisticated

models allowing for different variances and for covariances between age did not show a

significant improvement, hence the simpler model assuming equal variance at each age was

considered to be sufficient. These analyses were performed using ASReml (Gilmour et al'

2002)

Female reproductive traits are generally discrete and are not normally distributed (eg litter

size). The assumption of a continuous distribution was considered appropriate for this study

using the justification found by Olesen et al. (1994). The average reproduction traits were

closer to the REML assumption of normal distribution than at individual ages of measurement

(Figure 3.1). Analysis of female reproduction traits initially included sire of the lamb as a

fixed effect so that the variation due to this effect was removed. However, after comparison

of analyses it was decided that sire of the lamb would be better fitted as a random effect for

the final analysis. To obtain correlations between scrotal circumference and female

reproduction traits data from progeny of the same sire were used in multivariate analysis with

no phenotypic covariance estimated.

Model3Base model without Sire of the lamb + Day o f birth
and Weight (weaning, 10, or 16 months as approPriate)

Scrotal circumference
Model2Base model without Sire of the lamb + Weight

I or l6 months as

Model 1
Base model without Sire of the lamb + Day of birth

Base model

Base model

Base model without Sire of the lamb

Base model

Base Model without Sire of the lamþ

Number of lambs
weaned

Fertility

Litter size

Rearing ability

Average traits

Defïned asModel fittedVariate
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Heritabilities reported were from univariate analyses. Correlations between different ages of

female traits were from multivariate analyses. Correlations between different ages of male

reproductive traits, male live weight and between female and male traits were also from

multivariate analyses. Heritabilities and correlations are referred to as very low to very high

according to the classification in Tablc 2.5.

3.3 RESULTS

3.3.1 FemaleReproduction

Fixed Effects

Analysis of variance tables for female reproduction traits are presented in Table 3.3. Least

squares means for fixed effects are presented in Tables 4.1 to 4.4 (Appendix A)' Between

year effects were significant for all traits at all ages including average traits. Between year

differences increased as age increased. For number of lambs weaned, litter size at older ages

(40 - 64 months) and all average traits, except rearing ability, 1991 and 1992 were more

productive by 14 to 46 Yo. For fertility, 1989 and 1990 were always the lowest years.

Flock of origin effects were highly significant at young ages but were not significant for any

trait at 64 months of age. Flock effects were significant for all average traits. For number of

lambs weaned between flock differences decreased initially but remained the same as age

increased. Flock differences in fertility decreased as age increased. Litter size and rearing

ability between flock differences increased as age increased. Differences in flock effect were

mainly due to Flock 1 consistently having higher reproduction rate (17 % aNLW, l0 To aFert'

12 % aLS, and 14 % aRA) and Flock 3 consistently having lower reproduction rate than

flocks 2 and 4.

Type of birth and rearing effects were lowly significant for average number of lambs weaned

and average litter size, but were not significant for any other traits at any age' Age of dam

was significant for litter size at 40 months of age but was not significant for any other trait at

afiy age
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Tabte 3.3 Analysis of variance F values for female reproductive traits at 28, 40, 52 and 64 months of age and average over a lifetime

Average

64
Months

52

Months

40
Months

28
Months

Year
Flock
Tobr

Age of dam

Year
Flock
Tobr

Age of dam

Year
Flock
Tobr

Age of dam

Year
Flock
Tobr

Age of dam

Year
Flock
Tobr

Age of dam

Fixed
Effect

J

J

2

I

J

J

2

1

3

J

2

1

J

J

2

I

J

J

2

1

Num
DF

159
156

2033
1645

21.8

6.40
3.t2
0.42

:F**

***
l.

NS

154
48.0
1688

1344

8.30
1.13

r.47
0.17

***
NS

NS

NS

134
54.9
1 856
r293

40.5

2.98
t.99
0.27

d<{<*

*

NS

NS

r29
87.7
1913

1525

25.3
3.67
0.10
0.03

***
**
ns

NS

142
135

2006
1778

5.28
s.60
r.96
0.00

***
***
NS

NS

Den
DF

F value F Sig

Number of Lambs Weaned

t63
161

2035
1684

10.5

5.27
0.67
0.45

***
**
NS

NS

t7l
53

1680
t427

20.3

0.21

r.54
0.65

***
ns

NS

NS

182
72

1 839
r666

t2.7
t.70
0.84
0.01

***
NS

NS

ns

I
I
46
00

7.03

3.46
0.02
1.45

***
*

NS

NS

1

I
920

696

148

t4l
r993
1 845

11.1

6.22
r.30
1.01

***
***
NS

ns

Den F
DF value

F Sig

Fertility

117
r67

2038
t774

33.0
4.10
3.59
0.02

*r*
**
*

NS

t64
163

tTtl
r463

6.39

0.65
1.51

0.05

***
NS

NS

NS

156
153

1878
t5t2

6r.4
2.67
t.20
0.01

*d<*

*

NS

NS

153

153

1954
1450

52.4
5.08
0.08

4.69

***
**
NS

*

158

155

203r
1648

14.0
5.31

t.72
0.20

**
**
NS

NS

Den F
F SigDF value

Litter size

1s6
154

2031
1607

5.r7
6.86
1.04
r.44

**
**{<

NS

ns

149
42

1668
t25l

13.5

0.93
0.08

0.02

*rß*

NS

NS

NS

r43
63

r 863
t445

8.40
r.49
t.75
0.29

***
NS

NS

NS

127

85

1 895

ts37

4.37

3.40
0.86
0.95

*

NS

NS

134
128

2002
1743

5.00
7.48
t.54
0.0r

**
x**
NS

NS

Den
DF

F
F Sig

value

Rearing abitity

Tobr: tlpe of birth and rearing, Num: numerator, Den: denominator, *** : p<0.001, *{. : P<0.01, * : P<0.05, ns : not significant
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Genetic Parameters

phenotypic and genetic variances are presented in Table 3.4. The genetic variance of number

of lambs weaned was lower at 40 months of age than the other ages. As ewes aged, the

genetic variance of fertility did not change but increased for litter size relative to the mean.

The genetic variance of rearing ability fluctuated over different agcs' The phenotlpic

variance in number of lambs weaned and litter size increased as age increased, whereas

variance in fertility and rearing ability decreased as age increased relative to the mean. The

phenotypic variance of the average traits was lower than the phenotlpic variance of individual

ages. Variance accounted for by the sire of the lamb did not change for number of lambs

weaned, except at 52 months of age when it was close to zero, and generally decreased as age

increased for fertility and rearing ability.

Table 3.4 Genetic and phenotypic variances of female reproduction traits at different

ages

28
40
52
64

0.287
0.368
0.421
0.445
0.1 78

0.207
0.136
0.110
0.074
0.069

0.294
0.362
0.420
0.410
0.t73

0.235
0.190
0.164
0.145
0.089A

Phenotypic
Variance

0.011
0.0t2
0.001
0.011

0.012
0.006
0.007
0.005

a 0.009
0.008
0.002
0.004

28
40
52
64

Sire of the
lamb

Variance

28
40
52
64

0.039
0.009
0.018
0.036
0.028

0.027
0.010
0.007
0.007
0.012

0.047
0.029
0.061
0.087
0.042

0.027
0.002
0.014
0.003
0.0r2Average

Genetic
Variance

NLW Fert LS RA

u Sire of the lamb not fitted to litter size (Table 3.2)
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Heritabilities, phenotypic and genetic correlations for number of lambs weaned, fertility, litter

size and rearing ability at different ages are presented in Table 3.5. Generally heritabilities

were very low to moderate ranging from 0.02 (+ 0.04) to 0.26 (+ 0.07) across all traits. The

heritability at 28 months of age was highest for all traits, and were lowest at 40 months of age.

After 40 months of age, her.itabilities generally incrcascd. The heritabilities for litter size

were low to moderate, gradually increasing with age, and were greater than all other

reproductive traits.

phenotypic correlations were generally low to moderate between different ages for all traits

ranging from 0.13 (+ 0.02) to 0.27 (+ 0.02) (Table 3.5). In contrast, phenotlpic correlations

between different ages and average traits, were moderate to high with low standard errors,

ranging from 0.58 (+ 0.02) to 0.73 (+ 0.01). Genetic correlations and their associated

standard effors between ages for all traits were generally moderate to very high ranging from

0.45 (+ 0.27) to greater than one with very high standard errors (Table 3.5). Genetic

correlations between different ages and average traits were high to very high ranging from

0.69 (+ 0.14) to 1.0, \¡/ith moderate standard effors. When genetic correlations were

constrained to less than one all correlations converged to 0.99.

Heritabilities for average traits (Table 3.6) were higher than heritabilities at individual ages.

Average litter size had the highest heritability. Phenotlpic correlations between the different

average traits were moderate to high with low standard elrors, ranging from 0.59 (+ 0.02) to

0.88 (+ 0.01), respectively. Genetic correlations between aveÍage traits were also moderate to

high with moderate standard effors. Average number of lambs weaned was highly correlated

with all of its component traits. Although, the genetic correlation was slightly higher with

litter size (0.92 + 0.05) than fertility (0.S2 + 0.08), or rearing ability (0.80 + 0.07) (Table 3'6)'
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Table 3.5 Heritabitities (on diagonal), phenotypic (above diagonal) and genetic (below

diagonal) correlations (standard error) between ewe reproduction traits

0.14
(0.046)

1.03
(0.088)

0.97
(0.016)

1.01
(0.015)

0.94
(0.376)aRA

0.67
(0.012)

0.7r
(0.014)

0.70
(0.014)

0.58
(0.016)

0.11
(0.044)

t.44
(0,450)

0.69
(0.301)

0.93
(0.741)

0.21
(0.027)

0.01
(0.034)

0.19
(0.023)

0.23
(0.022)

0.08
(0.044)

1.00
(0.5e2)

0.13
(0.023)

0.19
(0.023)

0.24
(0.023)

0.02
(0.041)

ne

ne

RA28

RA4O

RA52

RA64

0.23
(0.0s7)

0.91
(0.078)

0.69
(0.142)

0.86
(0.082)

1.00
(0.04e)aLS

0.61
(0.014)

0.64
(0.014)

0.69
(0.012)

0.70
(0.012)

0.16
(0.048)

0.60
(0.214)

0.69
(0. le6)

0.88
(0.164)

0.19
(0.022)

0.08
(0.041)

0.45
(0.270)

0.79
(0.241)

0.20
(0.022)

0.rl
(0.022)

0.14
(0.04e)

0.79
(0. I 6e)

0.18
(0.024)

0.17
(0.024)

0.24
(0.023)

0.26
(0.06s)

LS28

LS4O

LS52

LS64

0.18
(0.04e)

r.02
(0.060)

0.95
(0.018)

1.01
(0.016)

0.97
(0.027)aFert

0.72
(0.011)

0.7r
(0.014)

0.69
(0.01s)

0.60
(o.0le)

0.13
(0.04s)

1.05
(0.1 83)

1.6s
(0.s8s)

0.82
(0.333)

0.22
(0.02t)

0.07
(0.041)

0.81
(0.4e1)

0.73
(0.328)

0.21
(0.022)

0.18
(0.022)

0.06
(0.040)

0.79
(0.325)

0.16
(0.023)

0.18
(0.023)

0.26
(0.022)

0.10
(0.048)

Fert28

Fert40

Fert52

Fert64

0.16
(0.048)

1.05
(0.0e4)

0.95
(0.018)

0.99
(0.014)

0.99
(0.016)aNLW

0.s9
(0.0r4)

0.70
(0.014)

0.73
(0.013)

0.77
(0.014)

0.14
(0.046)

0.97
(0. r 60)

I.t7
(0.260)

t.t2
(0.2s3)

0.2t
(0.027)

0.02
(0.036)

1.39
(0.366)

0.90
(0.705)

0.21
(0.026)

0.23
(0.022)

0.04
(0.03e)

1.30
(0.34e)

0.t4
(0.028)

0.20
(0.023)

0.25
(0.023)

0.08
(0.047)

NLW28

NL\ü40

NLW52

NLW64

Average28
Months

40
Months

52
Months

64
Months

When estimates >1 were constrained correlations : 0.99, ne : not estimable, Figures after the abbreviation are

months of age, prefix a : average over a lifetime, NLW : number of lambs weaned over a lifetime, Fert :
fertility of the ewe, LS : litter size, RA : rearing ability
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Table 3.6 Heritabilities (on diagonal), phenotypic (above diagonal) and genetic (below

diagonat) correlations (standard error) between average female reproduction traits

0.16
(0.048)

0.82
(0.082)

0.92
(0.048)

0.80
(0.071)

0.70
(0.01r)

0.18
(0.04e)

0.76
(o.o6e)

0.93
(0.0s6)

0.78
(0.00e)

0.82
(0.008)

0.23
(0.0s7)

0.60
(0. r 2s)

0.88
(0.00s)

0.78
(o.o0e)

0.59
(0.01s)

0.14
(0.046)

aNLW

aFert

aLS

aRA

aNLW aFert aLS aRA

aNLW : Average number of lambs weaned over a lifetime, aFert: Average fertility of the ewe, aLS : Average

litter size, aRA: Average rearing ability

Repeatabilities

The reproduction traits were analysed with a simple repeatability model that allowed for

quantification of the heritable as well as the non-genetic variation (Table 3'7). With this

model, the heritabilities were approximately half of the heritability of the average traits (Table

3.6) and the repeatabilities ranged from 0.26 to 0.31 (Table 3.7). The phenotypic variances

were approximately twice the phenotlpic variance of average traits (Table 3.6). This is

because the model includes within animal variance as well as between animal variance.

Tabte 3.7 Heritability, repeatability and phenotypic variance (Vo) for average female

traits using repeatability model analysis

0.32 0.r2 0.33 0.15vp

0.26 0.31 0.26 0.28Repeatability

0.07 0.06 0.08 0.07Heritability

aNLW aFert aLS aRA

aNLV/ : Average number of lambs weaned over a lifetime, aFert: Average fertility of the ewe, aLS : Average

litter size, aRA: Average rearing ability
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3.3.2 MaleReproduction

Fixed Effects

Between year effects were significant at all ages of scrotal circumference in all three models

except at 16 months of age when live weight was included in thc model (Table 3.8). Between

year differences were least at older ages and were less when Models 2 or 3 were used (Table

4.6, Appendix A). Means from Model 1 (age adjustment only) indicate that 1989 produced

the largest scrotal circumferences (47 o/o 5C5,19 % SC10,8 o/o SCl6) although this was the

opposite for Model 2 (weight adjustment only) (-14 % SC5, -6 % SC10) and 1989 was ranked

second when using Model 3 (age and weight adjustment).

Between flock of origin effects were significant for all ages of scrotal circumference for all

models except scrotal circumference at 5 months of age using Model 1 Similar to year

effects, between flock differences were less when Models 2 or 3 were fitted. Hov/ever,

between flock effects were relatively consistent at all ages (Table 4.7, Appendix A).

Type of birth and rearing effects were significant for all ages and models but were smaller at

16 months of age. Differences between birth and rearing types were greater at younger ages

and were, again, reduced when adjusted for differences in weight (Models 2 ot 3, Table 4.8,

Appendix A).

The age of the dam was only significant for scrotal circumference at 5 and 16 months of age

when using Model 1. The weight covariate was significant whenever included in the model

as \¡/as age except at 16 months of age when weight and age were in the model.
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2263
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2.23
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J

J

2

I
I
1

Year
Flock
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Aod
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SC5
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DF

F F
sievalue

I)en F F
DF value Sig

DenFF
DF value Sie

Num
DF

Fixed
Effect

Model3Model2Model l

Table 3.8 Analysis of variance F values for scrotal circumference at 5, 10 and 16

months of age using Models 1, 2 and 3

Model I includes day of birth, Model 2 includes weight and Model 3 includes day of birth and weight as

covariates. Tobr: type of birth and rearing, Aod: age

P<0.001, ** : P<0.01, * : P<0.05, ns : not significant
of dam, Num: numerator, Den: denomioâtol, *** :

Variances

Both phenotypic and genetic variances were reduced when weight (Model 2) or weight and

age (Model 3) were included in the model. The variances were also reduced as age increased

from 5 to 16 months for all models (Table 3.9). Adjustment for weight accounted for more of

the variation in scrotal circumference than age.

Tabte 3.9 Genetic and phenotypic variances of scrotal circumference at different ages

for each model

t0.20
5.78
5.52

9.78
6.38
6.37

7.42
5.44
5.45

1
.,

3

Phenotypic
Variance

6.01
2.78
2.51

3.91
2.48
2.5\

2.72
2.04
2.05

1

)
3

Genetic
Variance

SC5 SClO SCT6Model

Model I includes day of birth, Model 2 includes weight and Model 3 includes day of birth and weight as

covariates
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Relationship between Scrotal Circumference and Live I|'eight

Heritabilities, phenotypic and genetic correlations estimated for scrotal circumference and live

weight traits at all ages of measurementusing Model 1 are presented in Table 3.10. The

heritability of scrotal circumference at 5 months of age (0.59 + 0.07) was greater than at 10

(0.40 + 0.07) and 16 (0.37 + 0.06) months. Both phenotypic and genetic correlations for

scrotal circumference between different ages were moderate to high, with those between

adjacent ages tending to be higher than between 5 and 16 months. The heritabilities of live

weights were slightly higher at weaning than later ages but did not differ significantly. The

genetic correlation between live weight at 10 and 16 months (0.88 + 0.03) was higher than

those with weaning weight (0.60 + 0.06, 10 month and 0.64 + 0.06, 16 month).

Phenotypic correlations between scrotal circumference and live weights ranged from 0.27 (+

0.02) between scrotal circumference at 1ó months and weaning weight to 0.70 (t 0.01)

between scrotal circumference at 5 months and weaning weight. Phenotypic correlations

were greatest between scrotal circumference and live weights at similar ages. Genetic

correlations between scrotal circumference and live weights ranged from 0.31 (+ 0.10)

between scrotal circumference at 16 months and weaning weight to 0.74 (+ 0.04) between

scrotal circumference at 5 months and weaning weight. As for phenotypic correlations,

genetic correlations were greatest between scrotal circumference and live weights at similar

ages.

Table 3.10 Heritabilities (on diagonal), phenotypic (above diagonal) and genetic (below

diagonal) correlations (standard error) between scrotal circumference and live
weight at different ages (Model 1)

Figures after the abbreviation are months ofage, SC: scrotal circumference, WVy': weaning weight, V/T: live

weight, Model I includes day of birth

0.39 (0.046)

0.60 (0.062)

0.64 (0.063)

0.66 (o,ol3)

0.34 (o.o¿s)

0.88 1o.o:r;

0.57 (0.015)

0.79 (o.oo8)

0.33 (0.047)

0.74 (0.042)

0.58 (0.066)

0.50 (0.078)

0.38 (o.oe4)

0.60 (o.o7s)

0.56 (o.os4)

0.31 (o.l02)

0.48 (o.oe4)

0.53 (0.086)

W\M
wTl0
wTl6

0.70 (o.ol2)

0.35 1o.ozt¡

0.27 (0.022)

0.57 (o.ol6)

0.60 (0.015)

0.44 (o.ole)

0.45 (o.ole)

0.48 (0.018)

0.54 (o.ol6)

0.59 (o.o6s)

0.60 (0.073)

0.49 (o.oss)

0.50 (o.or8)

0.40 1o.oos¡

0.62 (o.ote)

0.36 (o.o2l)

0.59 (o.o1s)

0.3710.00r¡

SC5

SClO

SC16

ww \ilT10 WT16SC5 SCl.O SC16
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Genetic Parameters for Scrotal Circumference

Heritabilities, phenotypic and genetic correlations estimated between scrotal circumference at

5, l0 and 16 months of age using the three models are presented in Table 3.11. The

heritability of scrotal circumference at 5 months was greater than at older ages. The

heritability estimate of scrotal circumference at 5 months was rcduced from 0.59 + 0.07

(Model 1 - age a-djustment) to 0.48 + 0.06 when weight was included (Model 2) and to 0.45 +

0.06 when both weight and age were included in the model. The estimate of heritability of

scrotal circumference at 10 and 16 months of age was not affected by the model used. For

both phenotypic and genetic correlations the estimates ranged from moderate to high for

Model 1, but ranged from low to moderate for Models 2 and 3. V/hile the different models

had a large effect on the variances and phenotypic correlations, there was little difference in

the heritabilities (except at 5 months of age) or genetic correlations between scrotal

circumference measured at the three ages.

Table 3.11 Heritabilities (on diagonal), phenotypic (above diagonal) and genetic (below

diagonal) correlations (standard error) between scrotal circumference at different
ages using different models

0.49 1o.oss¡

0.36 (0.102)

0.62 (o.o'le)

0.43 1o.too¡

0.3710.00r¡
0.37 1o.oeo¡

0.43 0.45 0.38

1

)
3

SC16

0.60 (0.073)

0.44 (o.oes)

0.40 1o.oos¡

0.39 1o.oez¡

0.59 (o.or5)

0.46 (o.ors)

0.46 094 0.40 0.47 .018

I
2

3

SClO

0.59 (o.o6s)

0.48 1o.ooz¡

0.45 (0.061)

0.50 (o.ol8)

0.33 (o.o2l)

0.33 1o.ozt;

0.36 1o.ozt¡
0.22 (0.022)

0.2210.022¡

1

2

3

SC5

SC5 SClO sc16Model

Figures after the abbreviation are months of age, Model I includes day of birth, Model 2 includes weight and

Model 3 inclucles day of birth and weight as covariates

3.3.3 Male and Female Reproduction

Genetic correlations between scrotal circumference and average female reproduction traits

using three models (Table 3.2) are presented in Table 3.12. Genetic correlations between

scrotal circumference at different ages and aveÍage number of lambs weaned range from very

low to moderate. The genetic correlation with scrotal circumference at 5 months was lower

(0.12+0.15, Model 3) than correlations with 10 and 16 months of age (0.29 + 0.16 forboth

ages, Model 3). The use of weight as a covariate, either alone or with age (Model2 and3,

-J
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i
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respectively) reduced the estimates, but the same trend across ages applied and there was little

effect of adjusting for age in addition to weight (Model 2 versus Model 3).

Genetic correlations between scrotal circumference and average fertility ranged from very low

to moderate and were highest at 10 months of age (0.26+ 0.15, Model 3) although standard

effors were high. Using models with weight adjustment reducecl the cotrelatiou at all ages

with 10 months of age the highest. Again there was little difference between Models 2 and3.

Genetic correlations between scrotal circumference and average litter size increased slightly

as age of scrotal circumference increased, and were moderate at all ages. Using models with

weight a-djustment (Model 2 and Model 3) decreased the estimate obtained at all ages, with

estimates at 10 and l6 months of age the highest for all models.

Genetic correlations between scrotal circumference and aveÍage rearing ability ranged from

very low to moderate for Model l. Models with weight adjustment had little effect on

estimates at 5 months of age, reduced the estimates for l0 months of age and reduced the

estimates to low and close to zeto at 16 months of age.

Average litter size had a greater correlation with scrotal circumference at all ages compared to

the other average female reproduction traits. Models with weight adjustment reduced genetic

correlation estimates and generally, the estimate from Model 3 (weight and age) was the same

as Model 2 (weight) for all ages of scrotal circumference. Standard elrors for all genetic

correlations were large. Genetic correlations between scrotal circumference and individual

ages of all female traits are presented in Appendix A, Tables 4.9 to 4.12.
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Table 3.12 Genetic correlations (standard error) between scrotal circumference and

average female traits

0.03 (o.ls3)

0.01 (o.1se)

0.00 (o.l5e)

0.32 1o.tos¡
0.1710.t2s¡
0.18 (0.172)

0.22 (0.176)

0.01 (0.176)

0.03 (0.175)

I
)
3

aRA

0.37 qoln¡
0.20 (o.t2e)

0.5210.r2t¡
0.34 (0.138)

0.53 (o.l30)
0.32 (o.t3e)

0.24 I 0.34 l3 0.34 I

1

2

3

aLS

0.17 (0.136)

0.10 (0.144)

0.40 (0.r48)

0.25 (0.156)

0.29 (0.155)

0.07 (0.160)

0.72 144 0.26 r s3) 0.09 15

1
.,

3

aFert

0.26 (o]3e)
0.11 (o.1sl)
0.12 (o.ls2)

0.48 (o.ls2)
0.28 (0.164)

0.29 (0.162)

0.51 (0.r56)

0.26 (0.165)

0.29 (0.163)

1

2

3

aNLW

SC5 SClO SC16Model

Figures after the abbreviation are months of age, aNLW : Average
aFert: Average fertility of the ewe, aLS : Average litter size, aRA

number of lambs weaned over a lifetime,
: Average rearing ability, Model I includes

day of birth, Model 2 includes weight and Model 3 includes day of birth and weight as covariates

3.4 DISCUSSION

3.4.1 Female Reproduction

The low heritability estimates for number of lambs weaned are consistent with those

previously reported in the literature for the Merino and other sheep breeds (Fogarty 1995,

Safari and Fogarty 20A\ (Table 3.5 and Table 3.7). The component traits fertility and rearing

ability, followed the same pattern of high heritability at 28 months with lower heritability at

older ages, as number of lambs weaned (Table 3.5). Lower heritabilities and genetic

correlations with traits measured at 40 months of age may be indicative of a carry over effect

from the first lambing. Of the component traits, litter size had the greatest heritability and

rearing ability had the lowest. The low to moderate phenotypic correlations among number of

lambs weaned records taken at different ages indicate a low to moderate repeatability for this

trait. The repeatability model fitted to the data confirmed the low to moderate repeatability

indicated by phenotypic correlations for all traits (Table 3.7). L ow repeatability would be

expected for these traits due to the large environmental influence on them, although

repeatabilities from this model were slightly higher than expected (Fogarty 1995)' In

contrast, the high genetic correlations between records at different ages indicate that records

taken at different ages may be considered as essentially the same trait. L ow heritabilities,

repeatabilities and phenotypic correlations, and high genetic correlations are the consistent

d
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with estimates reported in the literature (Fogarty 1995, Safari and Fogarty 2003). The higher

heritability for all traits at 28 months of age is encouraging for the use of early selection for

reproduction traits.

High genetic correlations between records taken at diffcrcnt ages for the component traits, as

for number of lambs weaned, indicates that these expressions can be considered as essentially

the same trait. Because it appears that the same or similar genes are controlling the traits at

all ages, combining the ages to create an average trait is reasonable. Also, correlations

between the average traits and their respective age traits were moderate to high indicating a

good representation of the additive genetic component of individual ages by the average. The

distribution of average traits (Figure 3.1) also supports the use of average traits as they appear

to be more similar to a normal distribution than at individual ages and therefore the model

fitted has the correct assumptions. Holever, there was some difficulty when estimating the

genetic correlations between different ages as several were greater than one and required

constraint. All genetic correlations had high standard errors and this may be in part attributed

to the distribution of the traits.

Number of lambs weaned should be included in the breeding objective because of its direct

relationship with income derived from sale of surplus offspring (Ponzoni and V/alkley 1984)

and the increasing importance of meat relative to wool. The higher heritability at 28 months

of age than at older ages indicates that records from the first lambing may be used in a

breeding program. The greater heritability for litter size and high positive phenotypic and

genetic correlations between all average traits suggests that it may be a useful selection

criterion for increasing number of lambs weaned. This is especially so since it can be

recorded in early to mid pregnancy using ultrasound, thus avoiding the more laborious

lambing records. However, to make genetic progress in any trait, pedigree records are helpful

and are essential for traits with low heritability and with curent methods these can be easily

recorded at the same time as number of lambs bom and other birth records.

Genetic correlations between the component traits at different ages and average number of

lambs weaned (Table 4.5, Appendix A and Table 3.6) give an indication of the variation in

one trait accounted for by another, and therefore the different roles each component plays in

making up the composite trait. From the data herein, it appeared that rearing ability had a

greater influence in the first reproductive year, which decreased with age relative to fertility

and litter size. In contrast, litter size had greatest influence at the last reproductive year.

,þ
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These interactions are reasonable, as it has been suggested that a'lack of experience' (or the

rearing ability) of the maiden ewe in the first year of reproduction reduces lamb survival

(Dalton and Rae 1978, McMillan 1983, Alexander 1984). Litter size is itself primarily

influenced by ovulation rate (Davis et al. 1998) which increases as the ewe ages, peaking at

about 3 to 5 years of age (Cahill 1984) which arc thc later years of this study accounting for

the greater influence of litter size in the last reproductive year.

The significance of year and flock effects highlights the importance of adjustment for

environmental factors when carrying out genetic studies of grazing animals. Predicted means

indicated that between year effects were greater at older ages. This suggests that as a ewe

ages, seasonal variation has a greater role in her reproductive ability than at younger ages.

The difference between flocks indicates that there are differences between Merino populations

within South Australia. Both age of dam and type of birth and rearing were not significant for

the female reproductive traits indicating that a ewe's age or whether she has single or multiple

lambs does not affect the reproductive perforrnance of her daughters, which is in contrast to

the findings of Schoeman et al. (2002).

3.4.2 MaleReproduction

Heritabilities estimated herein (Table 3.11) were similar to previous estimates obtained in

Merino sheep for testicular diameter (Purvis et al. 1988), as are the heritabilities for live

weights (Fogarty 1995, Safari and Fogarty 2003). Genetic correlations between scrotal

circumferences at different ages (Table 3.11) indicate that considering scrotal circumference

as the same trait at very young and older ages would not be appropriate. However, Purvis e/

al. (1991), considering testicular size measurements at monthly intervals between 4 and 12

months of age, reported high correlations and concluded that the same genetic control was

operating over testicular size, indicating possible variation in different populations/families of

Merinos. Genetic correlations between live weights at different ages indicate that weights at

l0 and 16 months of age may be considered to be the same trait, but not in the case of

weaning weight (Table 3.10). Both phenotypic and genetic correlations between scrotal

circumference and live weights were generally high and positive indicating that there was a

strong positive relationship between the two traits at all ages. This relationship has

implications for selection and has a significant influence on the definition of scrotal

circumference.
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It is expected that some of the variation in scrotal circumference is associated with the general

growth, or increase in size, of the ram. This is supported by the decreased phenotl'pic and

genetic variances (Table 3.11) at all ages when scrotal circumference was adjusted for either,

live weight alone or for live weight as well as age. Also when live weight was included in the

definition of scrotal circuuference as in Models 2 and 3, heritability estimates were lower at 5

months of age (Table 3.ll). For scrotal circumference at 5 months of age, the phenotypic

variation was reduced with weight adjustment to a greater extent than at older ages, therefore

the heritability at 5 months of age was reduced. The greater changes in variance and lower

correlations seen in rams at 5 months of age compared to older ages may be due to the effects

of puberty. The occurrence of puberty in ram lambs is difficult to determine, but occurs over

a wide range of ages from 84 to 456 days depending on the breed (D¡rrmundsson 1973, Foster

et al 1978, Haynes and Schanbacher 1983). Onset of puberty is mainly dependent on live

weight but also on age, and is reached when the proportion of weight is approximately 40 to

45 percent of adult weight (Courot 1979), again depending on the breed. Purvis et al' (1991)

also concluded that at 5 months of age testicular size may have had greater environmental

influences, specifically matemal effects.

At 10 months of age, phenotypic and genetic variances decreased in similar proportions for all

models, therefore the heritabilities at this age were the same or very similar for all models. At

l6monthsof age,thevarianceswerenotreducedasmuch asat5 monthsof agebylive

weight adjustment and the genetic variance was a greater proportion of the phenotypic

variance. Hence, in this case, the heritability of scrotal circumference with live weight

adjustment was slightly higher. All genetic and phenotypic correlations were lower when

scrotal circumference was adjusted for weight. A change in both the covariance and the

variances does not necessarily result in a change in the correlation. However, when a

reduction in the variances of two traits is greater than the reduction in the covariance between

them, as was the situation here (Table 3.9), the correlation between the two traits is reduced

(Table 3.11).

The levels of significance of year of birth and type of birth and rearing effects for all models

tested on scrotal circumference reinforces the importance of environmental factors in genetic

studies of grazing animals. Predicted means presented in Tables 4.6 - 4.8 (Appendix A),

indicate that the year effect was least at older ages, as differences due to seasonal and other

environmental variations tend to be reduced as the animal matures. Similarly, the reduced

effect of type of birth and rearing with age (Table 4.8, Appendix A) would be due in part to
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the reduced effect of maternal environment as the animal matures (Garrick 1990). However,

the results clearly indicate the need to allow for such effects in genetic evaluation of the traits

in question.

In conclusion, selection for live weight may increase scrotal circumference due to the positive

correlated response arising.from positive genetic correlations between live weight and scrotal

circumference. Adjusting scrotal circumference for live weight c reates a new trait, scrotal

circumference independent of body size. Studies including this one have shown adjustment

reduces the heritability and correlations between ages of measurement of this trait. The

definition of the trait is important when considering scrotal circumference as a trait for

selection b ecause the response in other correlated traits m ay change. In an experiment in

Edinburgh where s election w as b ased upon t esticular d iameter a djusted for b ody w eight i t

was shown that the genetic relationship between scrotal circumference and live weight

became negative rather than positive as shown in this study (Haley et al. 1990). In that same

experiment no significant response was found between testicular size and ovulation rate. It

was concluded that this m ay h ave been due to the adjustment of testicular size for weight

(Haley et al. 1990, Purvis et al. 1988). Adjusting scrotal circumference for age did not have

as large an effect as adjustment for live weight, but is required as it contributes to reducing the

variation due to different levels of maturity of the animals.
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3.4.3 Male and Female Reproduction

Scrotal circumference has been suggested as an indirect selection criterton to tmprove

reproductive rateinMerinoflocks(Purvis 1988,MatosandThomasl992). In agreement

with the literature,lìeritabilities and repeatabilitics c stimated in this study were greater for

scrotal circumference (Table 3.11) than for the female traits considered (Table 3.5). Variable

genetic correlations indicated that it would not be appropriate to consider scrotal

circumference as the same trait at young and older ages. Therefore, the relationship between

young and older ages of scrotal circumference and female traits should be considered

separately.

Genetic correlations between female reproductive component traits and scrotal circumference

at 5 months were low and erratic (Table 3.12), but genetic correlations between average

female traits and scrotal circumference at 10 and 16 months were large enough (i'e' approx

0.3) to support the notion that scrotal circumference at these ages can be useful selection

criteria. Variable correlations for scrotal circumference at 5 months of age may be accounted

forduetovariationinstatusofpuberty among ramlambs. Atweaning,liveweight asa

proportion of adult wcight ranges from 20 to 60 percent (Courot 1979). This inclicates that at

5 months of age there will be significant variation in the number of rams that have reached

puberty, and therefore large variation in hormonal influences. Correlations reported in the

literature are in general agreement with estimates from this study (Fogarty 1995, Safari and

Fogarty 2003). Genetic correlation estimates are similar to those between scrotal

circumference and ovulation rate reported by Purvis (1985) at 5, 8 and 12 months of age.

Research has been carried out to investigate potential physiological sources of the genetic

relationship between male and female reproductive traits. It is known that gonadotrophic

hormones control the development of both the testis in males and the ovaries in females.

Land (1973, 1974) proposed that because production of gonadotrophic hormones is under the

control of autosomal genes, similar endocrinological mechanisms would be operating in both

females and males. Studies have been carried out to test this hlpothesis. Luteinising

hormone (LH) and follicle stimulating hormone (FSH) have been correlated with various

reproductive traits (Matos and Thomas 1992) but there have been no conclusive reports. It

appears to be generally accepted that a measurement of testis size rather than directly

measuring hormone levels is a better choice as selection criteria.
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The difference between estimates of variances using the different models again highlights the

importance of correct definition of the trait. Hence, the conflicting evidence within the

literature regarding significant correlated responses in female reproduction depending on the

definition of scrotal circumference. The response to selection for a single trait given by

Falconer (1960) is:

Rr: hlio, (Equation3.l)

where R, is the response to selection, hl is the heritability, i is the selection intensity and

o" is the standard deviation.

Assuming a generation interval of one, and using the parameters estimated herein, the direct

response to selection for number of lambs weaned would be 0.07 lambs per ewe per

generation (Table 3. 1 3).

The correlated response in Trait 2 when selecting for Trait 1 is (Falconer and Mackay 1960):

CRr.t : tA,A, hi ì o (Equation 3.2)
p

where CRr., is the correlated Íesponse, rA¿ is the genetic correlation between Trait I and

2, hl is the heritability of Trait 1, h| is the heritability of Trait 2, i o is the selection

intensity and 6 ,, is the standard deviation of Trait 2. (See Appendix A, section 5 for sample

calculation)

P2h;
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Table 3.13 The response to selection for a single trait (R) and the correlated response

of Trait 2 when selecting for Trait I (CR)A

0.05 0.05

0.02

0.03

0.01

0.09

0.07

0.16

0.16

0.40

0.40

0.42

0.54

3.13

2.52

0.07

0.09

1.25

1.01

0.78

0.48

0.29

aNLW
LS28

Model I
sclo 

Modet 3

LS28
SClO

Model I Model3h2oprsRTrait2

Trait 1

CR

aNLW : average number of lambs weaned, LS28 : litter size at 28 month of age, SC10 scrotal

circumference at 10 months of age, h2 : heritability, oo : standard deviation, r, : genetic correlation between

aNLW and LS28 or SCIO, R : response to selection for a single trait, CR : correlated response, selection

intensity of 1.0 was used, Model I includes day of birth, Model 3 includes day of birth and weight covariates

So the correlated response for number of lambs weaned when selecting for litter size at 28

months of age would be 0.05 lambs per eìwe per generation (Table 3.13), and selecting for

scrotal circumference at 10 months of age gives a correlated response of 0.03 lambs per ewe

per generation (Table 3.13). These calculations indicate that the use of litter size as a

selection criterion would be only slightly less effective as selecting lor nutnber of lambs

weaned directly, and that there would also be improvement in male reproduction. They also

indicate that the use of scrotal circumference without weight adjustment as a selection

criterion would give a similar response in the number of lambs weaned compared to litter

size. Scrotal circumference was more highly genetically correlated with litter size than the

other female traits, which also adds weight to the argument that litter size is the most suitable

female component to target for genetic improvement.
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3.5 CONCLUSION

This study was in broad agreement with earlier findings that indicate reproductive traits have

low to moderate heritabilities, ranging from 0.02 to 0.26 in this study. However, these low

values do not mean that genetic improvement in reproduction is impossible, but rather, that it

will require an adequately designed selection strategy. For example ewe selection would

occur after the first lambing and ram selection after puberty in combination with index

selection using both direct and indirect selection criteria such as scrotal c ircumference and

litter size. Accurate reporting of the trait definition and the context in which it is being used

is essential for precise use and general application of these traits in selection throughout the

Australian sheep industry.

Of the female traits studied litter size would be the trait recommended for use in genetic

improvement programs because of its higher heritability than other component traits,

especially if pregnancy scanning is already part of the current management practices of the

property. If number of lambs weaned was to be used the higher heritability at 28 months of

age indicates that it could be included after the ewe's first lambing. The use of scrotal

circumference as an indirect selection criterion is again recommended for consideration.

However, it should be measured post-puberty and using the ages in this study l0 months

would be recommended over 5 months of age. This study suggests that scrotal circumference

must be adjusted for age, but to remove variation in ram size the trait should also be adjusted

for live weight. However, if scrotal circumference is adjusted for live weight and is used in a

selection index then live weight itself must also be included in the index so that live weight is

not reduced. The use of a selection index that includes litter size of ewes, or number of lambs

weaned at the first lambing, and scrotal circumference of rams, will enable Merino breeders to

achieve the greatest level of improvement in reproduction.
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Chapter 4

Genetic Relationships Between Fleece And Reproduction
Traits

4.1 INTRODUCTION

A considerable amount of selection takes place among Merino sheep well before the

expression of ewe reproduction. Most of the emphasis is placed upon wool traits, followed by

body traits. With few exceptions, reproductive traits receive a lesser amount of attention

(Casey and Hygate 1992). The wool traits that are the main focus of genetic improvement

programs include clean fleece weight (CFW), fibre diameter (FD), staple length (SL) and

strength (SS). When reproductive rate is part of the breeding objective, information on the

genetic correlation between wool and reproductive traits is required for the calculation of

relevant selection indices. Furthermore, even when reproduction is not currently in the

breeding objective, and where clean fleece weight and fibre diameter are the main traits

selected for, knowledge of the relationships between them is important in order to be able to

predict correlated responses in reproductive rate so that changes can be made to the breeding

objective or selection criteria as required.

In this chapter the phenot¡pic and genetic correlations betwçen fleece traits and reproduction

-traits, 
as described in the previous chapter, are reported. Heritabilities and correlations

between fleece traits are also presented. The data set described in Chapter 3, the Turretfield

Resource Flocks data, has been used in this chapter for correlations between average

reproduction traits; number of lambs weaned, fertility, litter size, rearing ability and scrotal

circumference, with fleece traits; clean fleece weight, fibre diameter, staple length and staple

strength.
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4.2 MATERIALS AND METHODS

The data used are from the Turretfield Merino Resource Flock (Section 2.1.2). The number

of records, mean, standard deviation and the range for each trait is presented in Table 4'1.

The fleece traits were measured on rams at 10 and 16 months of age, which equates to 6 and

12 months of wool growth, respectively. For ewes, fleece traits were tneasured from 16

months of age (12 months of wool growth) at 12 monthly intervals up to 5 years of age.

Tabte 4.1 Number of records available (n), mean, standard deviation (s.d.)'

coefficient of variation (CV) and range for reproduction and fleece traits

Ram
10

16

2rl4
2t40

42.2
45.4

11.80
11.64

0.28
0.26

3.5 - 8s.1

2.7 - 82.0

SS

(N/ktex)
Bwe

16

28

40

2081

1 985

1934
1 843
1t54

24.6
28.0
30.2

29.3

28.1

9.15
10.15

11.73

11.95
12.05

0.37
0.36
0.39
0.41

0.43

L6 - 66.3

1.8 - 66.8

r.9 -73.2
2.6 -73.s
3.6 -78.6

52

64

Ram
10

16

2t40
2158

s7.6
65.3

5.91

9.31

0.10
0.14

39.1 - 81.0

3s.7 - 97 .6

SL
(mm)

Ewe

t6
28

40
52

64

2082
1 98s
r934
1 848

1 156

1 15.5

110.3

108.5

107.0

106.4

1 1.84

10.06
r0.79
10.86
1 1.10

0.10
0.09
0.10
0.10
0.10

62.1-
48.8 -
46.0 -
68.4 -
72.0 -

159.9

t57.4
150.6

144.0

140.8

Ram
10

t6
2t97
2t74

2r.3
22.6

1.83
2.21

0.09
0.10

15.3 - 28.5

16.8 - 30.5

FD
(pm)

Ewe

16

28
40
52

64

2108
2022
1943
1851

trj6

22.2
24.0
24.8
25.1

25.s

1.93

2.03
2.t3
2.16
2.39

0.09
0.08
0.09
0.09
0.09

t6.4 - 29.0
18.0 - 31.1

r8.5 -32.6
17 .5 - 33.1

19.0 - 33.9

Ram
10
16

2t94
2r74

2.3

2.9
0.55
0.60

0.24
0.21

0.6 - 4.7
0.9 - 4.9

CF\ry
t6
28
40
52
64

2108
20t5
r942
I 849
1176

4.4
4.8
5.1

5.0
5.0

0.74
0.83
0.87
0.86
0.86

0.17
0.17
0.17
0.17
o.t7

t.4 -7.3
2.3 -9.1
1.9 - 8.6

2.4 - 8.1

2.5 - 8.6

(ke)
Ewe

SC (cm)
5

l0
t6

2336
2202
2t64

t7.5
26.4
31.8

3.76
3.54
2.88

0.21
0.13
0.09

9.0 - 30.s
12.0 -39.5
17.0 - 40.5

aNLW
aFert
aLS
aRA

2073
2073
1770
1770

0.90
0.82
1.13
0.69

0.41
0.24
0.36
0.28

0.46
0.29
0.32
0.41

0-2
0-1

0.25 -2
0-1

Trait n Mean s.d. CV

Age is in months, aNLW : Average number of lambs weaned over a lifetime, aFert Average fertility of the

ewe, aLS : Average litter size, aRA Average rearing ability, SC: Scrotal circumference, CFW: Clean fleece

weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength
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and

Statistical Analysis

Data were analysed using linear mixed model methodology in ASReml (Gilmour et aL.2002).

An animal term was fitted allowing optimal analysis of a finite population. All two-way

interactions between fixed effects were tested, non-significant interactions were not included

in the hnal urodels.

The final base model can be written as:

y=Xt +Zra+e

where

y r N(xr ,oSzrAZ', + o'1,)

where X'"' is a design matrix which assigns the effects to animals, Tt*t is the vector of

fixed effect means, Zi"o is the design matrix for the animal effects, A is the numerator

relationship matrix. The vector a represents the animal effect. el"' is the vector of random

effors. oj is the variance due to the animal effect and o2 is the residual variance

parameter.

This model can also be symbolically written as

Y - mean + year (1989-1992) + flock (1-4) +

type of birth and rearing (1-L, 2I, 22) + linear(age of dam) + animal

Terms fitted as random effects in the model are underlined, all other terms are fitted as fixed

effects. This formed the base model for all analyses for this data set. Each variate was tested

and the model was modified where necessary. Changes to the base model for each variate are

shown inTable 4.2.

. - Nþ, o')
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Table 4.2 Final models fitted to all traits

Base model + significant interactions f
NLW at2 4 or 64 months onlStaple strength

Base model + significant interactions *
NLW (at28, 40,52, or 64 months only)Staple length

Base model + significant interactions r
NLW (at28,40,52, or 64 months only)Fibre diameter

Base model + significant interactions I
NLW at 28 40 or 64 monthsClean fleece weÍght

Base model + Day of birth and V/eight
1 or 16 monthsScrotal circumference

Base modelRearing ability

Base modelLitter Size

Base modelFertility

Base modelNumber of lambs weaned

Model fittedVariate

Heritabilities reported were from univariate analyses. Correlations between different agcs of

female traits were from bivariate analyses but correlations between different ages of male

reproductive traits, live weight and between female and male traits were from multivariate

analyses. Heritabilities and correlations will be referred to as very low to very high according

to the classification in Table 2.5.

Adjustment offleece traits for Lambing Status

Itcanbe arguedthatthelambingstatusof aewemayhaveaneffectontheewe's fleece

production. Therefore, a preliminary analysis was set up to address whether to adjust adult

fleece measurements for lambing status of the ewe. The following models were applied to all

of the fleece traits, Model 1 was the same as the base model described above and Model 2

was as Model 1 but included number of,lambs weaned at the appropriate age to adjust for the

lambing status of the ewe. Number of lambs weaned was used to account for the effects of

both carrying a lamb or lambs to term andrearing the lamb/s rather than litter size which

would not include the effect of rearing a lamb. For all ages of fleece traits, number of lambs

weaned was significant. Genetic variances did not change significantly and the phenotypic

variance was reduced slightly (Table B.1 Appendix B). Even though number of lambs

weaned was significant, there was little change in the heritability of the trait with or without

number of lambs weaned. Due to the reduction in the phenotypic variance, and the lack of

change in the heritability of the traits, number of lambs weaned was used in all subsequent

analyses of fleece traits for this data set.
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RESULTS

4.2.1 Fixed Effects

The sigpificance of fixed effects for fleece traits are presented in Table 4.3 and 4'4' Least

squares means are presented in Tables B.2 - 8.2 (Appendix B). Between year effccts wcre

significant for all ram and ewe traits at all ages. Both rams and ewes had higher clean fleece

weight (9 To 32 %) in 1992 thanin other years and lower fibre diameter (-5 to -8 %) in 1989.

Forrams and ewes at 16 months of age,1989 was also the year for lowest staple length (-14

to -27 o/r) and strength (-24 to -2 go/r), however, for ewes from 40 months of age,1991 and

1992 were the lowest years for staple length and strength'

Flock effects were significant for rams and ewes at all ages for clean fleece weight, hbre

diameter and staple length, but were only significant at 16 months of age for staple strength.

Flocks I and4wereconsistentlylower(approx. -4to-l4Yo)thanFlocks 2and 3 forclean

fleece weight. Flock 3 had the lowest f,ibre diameter (approx . -IO %) and staple length (-7 to '

l0 %) and Flock 2had, the highest across all ages. For staple strength at 16 months of age,

Flock 4had the strongest staple (stronger by approx LOo/o fot rams and 14 o/o for ewes) and

Flock 3 had the weakest.

Type of birth and rearing effects on clean fleece weight were significant for all ages except

forewes at64months ofage. Singlebomandraisedlambshadthe highestclean fleece

weight (3 to 9 Yr) and,there was no difference between multiple born and single raised versus

multiple born ând raised. For fibre diameter, type of birth and rearing was significant at 10

months of age for rams and 16, 28 and 52 months of age for ewes. For rams, single reared

lambs had lower fibre diameter than multiple reared lambs by | %. For ewes, single born and

raised lambs were approximately 2 o/o finer than twin born and raised animals, lambs born as

twins and raised as singles were intermediate between the other two classes. Generally for

staple length and strength type of birth and rearing was not significant.

The year by flock interaction was significant for clean fleece weight at three ages, staple

length at three ages and staple strength at two ages. For clean fleece weight, the interaction

was significant for rams at 10 months of age due to the difference between flocks being

greater in 1992 than in other years and no difference between years 1990 and 1991 for any of

the flocks. For female fleece weights (16 and 40 months of age), the interaction was due to
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large differences between the flocks in 1989 compared to other years and little difference

between the years 1990 and 1991. The interaction for staple length at 10 months of age was

due to smaller differences between the flocks in 1992 than in other years and smaller

differences between the years in Flock 1 than other flocks. For the female staple lengths (16

and.28 months of age), the interaction was due to smaller differences between flocks ín 1992

than in other years and no differences between 1991 and 1992 for all flocks except Flock 2.

The interaction for staple strength at l0 months of age \Mas due to greater differences between

flocks in 1990 compared to the other years and greater differences between years for Flock 1

compared to other flocks. For ram staple strength at 16 moths of age, the interaction was due

to a greater difference between flocks in 1989 and 1990 compared to other years and a greatet

difference between years for Flock 3 than other flocks.
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Table 4.3 Analysis of variance F values for clean fleece weight and fibre diameter

Tobr: type of birth and rearing, Aod: age of dam, Num: numerator'

P<0.001, ** : P<0.01, * : P<0.05, ns : not significant

137

133

tt43
I 139

1092
137

33.9
29.7
4.40
5.36
46.4
33.9

**J<

**t(
*
*

**t
***

t3l
t37
tl52
lll3
I 128

l1l5

20.89
4.13
0.03
8.62
3.30

*,k 1.

*

NS

**
{.

2

J

2

I
1

2

Year
Flock
Tobr
Aod

NLW
NLW:Year

l6
Months

28
Months

Ewe
40

Months

52
Months

64

Months

242
229

1 806
1796
r 788
t'728

56.6
1.15
2.19
1.26

10.8

d(* *

ì.* *

NS

ns
*r.*

213
203
18r3
1749
t8l2
1758
t24

0.09
0.00
4.89
2.43

NS

NS

*r.
{.

3

J

2

I
I
3

6

Year
Flock
Tobr
Aod

NLW
NLW:Year
Flock:Tobr

221
2tl
1903

l87l
1869

63.1
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2.02
4.92

*t< *

**
NS

t

1827 4.19 :F {.

791
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1902
1187
I 898
I 865
I 861

203
178

4.47
tl.8
10.9
4.18
4.7 5

2.13

*
:1. t( *
***
*r(

*tt
*

J

J

2

I
I
I
J

8

6

Year
Flock
Tobr
Aod

NLV/
NLV/:Aod
NLW:Year
Year:Flock
Flock:Tobr

253
243
1966
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191I
1908

1901

1.92
6.12
5. l9
9.14
3.10

***
t(*
*

*d.*

*

219
213
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1910
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1969

34.9
23.6
4.66
65.1

23.8

*t< *

***.
*

*d<{.

***

J

3

2

I
I
J

3

Year
Flock
Tobr
Aod

NLW
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NLW:Flock
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16.7
tt.4
2.05

*r!dr

**t<

***
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t92
186
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r99
228
228

3.39
2.48
3.18
2.52
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*
d(*

*

J

J

2

I
8

6

6

Year
Flock
Tobr
Aod

Year:Flock
Year:Tobr
Flock:Tobr
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2t39
2090
t9l4

81.6
2.66
0.63
3.32

,.r.*

NS

NS

**

238
228
2145
2061

2tt
9.72
28.1

1.12

***
*.*t
***
**

J

J

2

I
J

Year
Flock
Tobr
Aod

Year:Aod

10
Months

Ram

16
Months

236
221
2169
2084

30.2
92.3
8.36
2.41

i( t( t<

t i.{.
**1.

NS

212
204
1998
2162
218

12.5
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7.06

:1.++

** {.

** *.

3
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2

I
9

Year
Flock
Tobr
Aod

Year:Flock

Den F
value

F Sig
DF
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DF

F
value

F SigNum
DF

Fixed
Effect

Fibre DiameterClean Fleece \üeight
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Table 4.4 Analysis of variance F values for staple length and staple strength

Tobr: type of birth and rearing, Aod : age of darr¡ Num: numerator, Den : denominator, ***:
P<0.001, xx : P<0.01, * : P<0.05, ns : not significant

102
105

1 133

992
I 130

I 135

1l l6

l.1l NS
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NS

*

t.t5
0.76
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4.2.2 Variances

Genetic and phenotypic variances of fleece traits are presented in Table 4.5 and 4.6. Genetic

and phenotypic variances of all fleece traits increased as age increased, for both rams and

ewes.

Tabte 4.5 Genetic and phenotypic variances of clean fleece weight and fibre
diameter at different ages

t.57
2.03
2.04
2.30
2.82

2.60
2.86
3.38
3.56
3.95

0.140
0.237
0.24t
0.281
0.315

0.364
0.502
0.573
0.573
0.582

Ewe

t6
28
40
52
64

1.13
1.72

2.35
3.10

0.061
0.097

0.156
0.198

Ram 10
t6

Genetic PhenotypicGenetic PhenotypicAse

Fibre DiameterClean Fleece Weight

Age is in months

Tabte 4.6 Genetic and phenotypic variances of staple length and staple'strength at

different ages

29.7
36.3
37.7
30.1
39.9

72.7
94.5
1r5.2
1,26.6

t28.2

51.9
46.0
46.5

61.2
63.2

99.2
87.0
97.0
93.0
99.6

Ewe

t6
28
40
52
64

20.5
44.r

r02.9
106.8

9.84
t8.2

29.0
39.6

Ram 10

t6

Genetic PhenotypicGenetic PhenotypicAge

Staple StrengthStaple Length

Age is in months
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4.2.3 Genetic Parameters for Fleece Traits

Heritabilities of clean fleece weight, staple length and strength for both rams and ewes at 16

months of age were approximately 0.5 (+ 0.06) (Table 4.7 and 4.8). The heritability of fibre

diameter was slightly higher for both sexes at approximately 0.6 (+ 0.06).

Phenotypic correlations among the fleece traits ranged from 0.11 (+ 0.02) to 0.37 (+ 0.02) for

rams (Table 4.7) and 0.09 (+ 0.02) to 0.33 (+ 0.02) for ewes (Table 4.7) and were similar in

each sex except between clean fleece weight and staple strength (ram 0.22, ewe 0.09).

Genetic correlations between clean fleece weight and the other traits were about 0.3 among

the rams at 16 months of age, but were lower among the ewes. Correlations between fibre

diameter and staple length, and fibre diameter and staple strength were similar for both rams

and ewes (0.2 and 0.5, respectively). The genetic correlation between staple length and staple

strength was low and close to zero in both sexes. Genetic correlations between ram and ewe

fleece traits at 16 months of age (Table 4.9) were very high for fibre diameter (0.96 + 0.05)

and staple length (0.92+ 0.06) and lower for clean fleece weight (0.71 + 0.09) and staple

strenglh (0.57 + 0.10).
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Table 4.7 Heritabilities (on diagonal), phenotypic (above diagonal) and genetic

(below diagonal) correlations (standard error) between ram fleece traits at 16

months of age (6 months wool growth)

'I

ü
{i
4

CFV/: Clean fleece weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength

Table 4.8 Heritabilities (on diagonal), phenotypic (above diagonal) and genetic

(below diagonal) correlations (standard error) between e\rye fleece traits at 16 months

of age (12 months wool growth)

0.49
(0.064)

0.32
(0.088)

0.36
(0.0e2)

0.32
(0.0e8)

0.35
(0.021)

0.57
(0.064)

0.25
(0.0e4)

0.41
(0.083)

0.37
(0.020)

0.26
(0.022)

0.46
(0.063)

-0.02
(0.10e)

0.22
(0.022)
0.33

(0.021)

0.11
(0.023)

0.45
(0.062)

CFW

FD

SL

SS

CF.w FD SL SS

0.45
(0.063)

0.14
(0.lor)
0.21

(o.oee)

-0.03
(0. l ls)

0.25
(0.023)

0.60
(0.06e)

0.21
(0.0e2)

0.45
(0.0e3)

0.29
(0.022)
0.33

(0.022)

0.56
(0.068)

0.06
(0. loe)

0.09
(0.023)

0.27
(0.022)
0.10

(0.024)

0.39
(0.060)

CF.w

SL

FD

SS

CF'\il FD SL SS

CFW : Clean fleece weight, FD : Fibre diameter, SL : Staple length' SS : Staple strength

Tabte 4.9 Genetic correlations (standard error) between ram and ewe fleece traits at

16 months of age

0.71
(0.085)

0.96
(0.041)

0.92
(0.06r)

0.57
(0.101)Ewe

CFW FD SL SS

Ram

CFW: Clean fleece weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength
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4.2.4 Correlations between Fleece and Reproduction Traits

Phenotypic correlations between ewe fleece traits at various ages and average reproduction

traits of the ewes \¡/ere generally very low and close to zero (Table 4'10). Phenotypic

correlations between clean fleece weight and average female reproduction traits were low

(about 0.1), ranging from -0.12 (+ 0.03) to 0.22 (+ 0.03). Correlations between fibre diameter

and average reproduction were also low (about 0.1), with a range of -0.03 (+ 0'03) to 0.15 (+

0.04). Correlations between average reproduction traits and staple length and strength were

close to zero andranged from -0.15 (+ 0.04) to 0.19 (+ 0.03).

Phenotlpic correlations between scrotal circumference at 5, 10 and 16 months and clean

fleece weight at 10 and 16 months were low ranging from 0.14 (+ 0.02) to 0'31 (+ 0.02), for

rams. Phenotypic correlations between scrotal circumference and fibre diameter (range 0.13

to 0.23) (Table 4.ll). Correlations between scrotal circumference and staple length and

strength \Mere very low ranging from -0.02 (+ 0.02) to 0.18 (+ 0.02). There rvas a tendency

for the correlations between traits measured at the same age to be slightly higher than when

traits were measured at different ages.

The genetic correlations between average number of lambs weaned and clean fleece weight

was close to zero and ranged from -0.15 to 0.13 for clean fleece weight at various ages (Table

4.12). The correlations of average number of lambs weaned and fibre diameter were

consistentlysmall andpositive andranged from 0 .07 to 0.20. T he genetic correlations of

average number of lambs weaned and staple length were consistently moderately negative (-

0.15 to -0.22),whi1e staple strength was moderately positive (0.3) except for staple strength at

64 months (-0.05). The corresponding genetic correlations of average number of lambs

weaned with the wool traits measured in the rams were similar to those in the ewes, with

staple strength being slightly higher (0.5).

The genetic correlations of average fertility and average litter size with the wool traits were

generally consistent with those found for average number of lambs weaned (Table 4.12)- The

genetic correlations for average rearing ability and the wool traits were generally similar to

those for average number of lambs weaned but were variable for the different ages. All

correlation estimates had very high standard errors.

I
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Table 4.10 Phenotypic correlations (standard error) between average female

reproductive traits and fleece traits

0.10

0.02

0.02

0.02

0.00

0.10

0.01

0.03

0.02

-0.06

0.10

-0.01

0.09

0.03

-0.15

0.07

0.00

0.18

0.19

0.04

(0.022)

(0.032)

(0.033)

(0.033)

(0.042)

(0.023)

(0.028)

(0.02e)

(0.02e)

(0.037)

(0.024)

(o.02e)

(0.02e)

(0.02e)

(0.036)

(0.023)

(0.02e)

(0.02e)

(0.02e)

(0.03e)

t6
28

40

52

64

SS

0.06

0.00

-0.01

0.00

0.00

0.06

-0.01

0.00

0.01

-0.03

0.06

0.00

0.07

0.07
-0.02

0.06

-0.03

0.10

0.10

0.02

(0.023)

(0.032)

(0.032)

(0.033)

(0.041)

(0.023)

(0.028)

(0.02e)

(0.02e)

(0.037)

(0.02s)

(o.02e)

(o.o2e)

(o.02e)

(0.037)

(0.023)

(0.02e)

(0.030)

(0.030)

(0.038)

16

28

40

52

64

SL

0.09

0.02

0.03

0.02

0.02

0.11

0.02

0.06

0.05

0.04

0.08

0.01

0.14

0.r2
0.r2

0.08

-0.03

0.13

0.r4
0.15

(0.023)

(0.031)

(0.032)

(0.033)

(0.041)

(0.023)

(0.028)

(0.02e)

(o.oze)

(0.037)

(0.02s)

(0.029)

(0.02e)

(0.02e)

(0.036)

(0.023)

(0.02e)

(0.02e)

(0.030)

(0.037)

t6
28

40

52

64

FD

0.06

0.07

0.07

0.07

0.06

0.08

0.05

0.08

0.11

0.04

0.10
-0.01

0.12

0.18

0.07

0.03

-0.r2
0.10

0.22

0.08

(0.023)

(0.031)

(0.032)

(0.033)

(0.04r)

(0.023)

(0.028)

(0.028)

(0.02e)

(0.037)

(0.024)

(0.02e)

(0.02e)

(0.028)

(0.037)

(0.023)

(0.02e)

(o.02e)

(0.02e)

(0.038)

16

28

40

52

64

CFW

aNL\ü aFert aLS aRAAge

CFW Clean fleece weight, FD Fibre diameter, SL: Staple length, SS : Staple strength, aNLW : Average

number of lambs weaned over a lifetime, aFert : Average fefility of the ewe, aLS

Average rearing ability
Average litter size, aRA

Table 4.11 Phenotypic correlations (standard error) between scrotal circumference

and fleece traits for rams

-0.02
0.04

(0.023)

(0.024)
0.01
0.06

(0.023)

(0.024)
0.03
0.10

(0.023)

(0.023)
10

t6SS

0.14
0.15

(0.023)

(0.024)

0.18
0.16

(0.023)

(0.023)

0.07

0.15

(0.023)

(0.023)
10
t6SL

0.17
0.13

(0.023) 0.23
0.23

(0.022) 0.14
0.22

(0.023)

(0.022)(0. (0.
10
16

FD

0.31

0.2t
(0.022)

(0.023)

0.25
0.26

(0.022)

(0.022)
0.14
0.30

(0.023)

(0.021)
10
t6CF\il

5 10 t6Aee

SC

CFW : Clean fleece weight, FD : Fibre diameter, SL : Staple length,

circumference
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Table 4.12 Genetic correlations (standard error) between average female

reproductive traits and fleece traits

ü
,l

0.22

0.15

0.26

0.27

-0.10

0.25

0.33

0.25

0.18

-0.37

0.31

0.11

0.43

0.48

0.19

0.34

0.34

0.34

0.31

-0.05

(0. l 53)

(0. l 6e)

(0.170)

(0.201)

(0.231)

(0. l 38)

(0.148)

(0.15 r)

(0.1 80)

(0. le0)

(0.163)

(0.1 83)

(0.1 64)

(0. l 88)

(0.233)

(0.148)

(0.162)

(0.1 64)

(o.l e l)
(0.21l)
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aNL\il aFert aLS aRAAge

I

CFW : Clean fleece weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength, aNLW : Average

number of lambs weaned over a lifetime, aFert : Average fertility of the ewe, aLS : Avçrage litter size, aRA :
Average rearing ability

Genetic correlations between scrotal circumference and fleece traits were moderate to very

low with high standard errors (Table 4.13). Correlations between scrotal circumference and

ram clean fleece weight were low and positive ranging from 0.10 (+ 0.11) to 0.37 (+ 0.09).

Correlations between ewe clean fleece weight and scrotal circumference were generally

positive except between scrotal circumference at 16 months of age and ranged from -0.18 (+

0.15) to 0.35 (+ 0.10). Generally, correlations decreased slightly as the age of scrotal

circumference increased.
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I

Genetic correlations between scrotal circumference and ram fibre diameter were low and

positive and were highest for scrotal circumference at 10 months of age. Similarly

correlations between ewe fibre diameter and scrotal circumference were low and positive with

arangebetween 0.07 (+ 0.10) and 0.30 (+ 0.11). Correlations were slightly higher for scrotal

circumference at 10 and 16 months of age, and increased slightly as the age of scrotal

circumference increased.

Genetic correlations between scrotal circumference and ram staple length were very low and

ranged from -0.14 (+ 0.13) to0.l2 (+ 0.12). Correlationsbetween scrotal circumference and

ewe staple length weregenerally low and negative rangingfrom -0.31 (+ 0.12) to 0.05 (+

0.11).

Genetic correlations between scrotal circumference and ram staple strength were close to zero

except between scrotal circumference at 10 months of age and staple strength at the same age

which was 0.23 (+ 0.15). Correlations between scrotal circumference and ewe staple strength

were generally low and negative but ranged from -0.41 (+ 0.18) to 0.19 (+ 0.12)' There was a

slight trend for the correlations to become more negative as the age of staple strength

increased especially with scrotal circumference at 16 months of age.

I

I
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Table 4.13 Genetic correlations (standard error) between scrotal circumference and

fleece traits
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CFW : Clean fleece weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength, SC : Scrotal

circumference
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4.3 DISCUSSION

4.3.1 Fleece Traits

The heritability of, and correlations between fleéce traits in Australia and overseas have been

well documented (Fogarty 1995, Clarke 2002, Safari and Fogarty 2003). The heritabilities

and correlations from this study were similar to those previously reported (Table 4.7 and

Table 4 .7). Genetic correlations b etween ram and ewe fleece traits (Table 4.9) w ere very

similar to those calculated by Hill (2001), and Lewer et al. (1994). The genetic correlations

between ram and ewe traits indicate that ram and ewe data of the same age carl be combined

and analysed as one trait if required. As reported by Hill (2001), correlations between the

same traits at different ages were high indicating that selection for a trait at an early age will

result in the expected response at older ages.

The results show that year of birth effects were significant for all fleece traits. This result is

supported by Tumer and Young (1969) and Hill (2001) who also observed that fleece traits

were affected by different years of measurement. Greater fleece weights tn 1992 reflect the

good seasonal conditions early in that year when the season broke at the end of February

leaving abundant autumn feed availablc. This may also reflect the higher (although not

significant) fibre diameter in 1992. Similarly to the results reported for reproduction traits

differences between the flocks indicates that there are differences between Merino families in

South Australia. Type of birth and rearing effects were significant for clean fleece weight and

fibre diameter but not for staple length or strength which is in general agreement \Mith Hill

(2001). Least squares means indicated that lambs born as singles had greater fleece weights

than lambs born as twins. This implies that the greater fleece weight was due to variation in

the pre-natal environment, and considering there were no differences seen in staple length the

increase in fleece weight may have been due to a gteater number of follicles or fibres

produced per unit area of skin. This hypothesis is supported by the greater follicle densities

(mean, overall and effective) for single born lambs over multiple born lambs reported by Hill

(2001) and supports the theory of fcillicle competition (greater competition results in fewer

follicles with larger developmental capacity) proposed by Moore et al. (1989). Another

hypothesis for greater fleece weights of singles over twins may simply be due to greater total

skin area resulting from higher body weight of single born lambs.
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4.3.2 Reproduction and Fleece Traits

A preliminary analysis was carried out for each age of number of lambs weaned recorded to

test the effect of reproduction on clean fleece weight and fibre diameter (Appendix E, Ingham

and Ponzoni 2002). This analysis considered the effect of adjusting fleece traits for

reproductive status, as has been common practice, on the correlations between them by

comparing two models, with and without adjustment. The phenotypic variance was more

affected by the adjustment than the genetic variance and the adjustment generally reduced the

magnitude of the variance. However, there was little change in the heritability of the trait and

it was decided that because of this, fleece traits should be adjusted for lambing status rather

than possibly over estimating genetic parameters. These preliminary estimates cannot be

directly compared with the estimates presented in this chapter as the models used were

different. However, correlations from the two analyses \Mere more similar with fibre diameter

than with clean fleece weight. The consequence of adjusting for lambing status is that the

phenotypic correlations are expected to be zero, which was the case in both studies (Table

4.10 and Appendix E, Table 2,lngham and Ponzoni2002)'

There is variation in published parameters between fleece and reproduction and their

accuracy. Fogarty (1995) cited genetic correlations of 0.07 from Young et al. (1963) and 0.70

from Blair (1981) (in Romney sheep) between number of lambs weaned and clean fleece

weight and overall 0.41 (0.24) between number of lambs weaned and fibre diameter for

Merinos. Estimates from this study (Table 4.12) frt within these ranges and are similar to

those reported by Safari and Fogarty (2003). There were no Australian correlation estimates

between reproduction and fleece traits reported by Clarke (2002). Generally genetic

correlations from this study between female reproduction and clean fleece weight and ñbre

diameter were low and positive indicating that selection for improvements in fleece traits can

beachievedsimultaneouslywithimprovementinreproductionratesamongMerinoflocks.

Correlations betweenreproduction and staple length were low but negative, indicating that

selection to increase staple length may slightly reduce the rate of improvement in

reproductive rate. However, the low magnitude of the correlations should still allow

improvement in both traits. Correlations between staple strength and reproduction traits were

slightly higher indicating the possibility of a stronger correlated response in reproductive rate

if selection to increase staple strength was used.
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Brash et al. (1994b) reported genetic correlations between scrotal circumference and clean

fleece weight (0.15) and fibre diameter (0.22). Estimates from this study were generally in

agreement with these values (Table 4.13). Correlations with staple length and strength were

low and negative, no other correlations have been published for these traits. Genetic

correlations between the wool traits fibre diatneter, staple length and staplc strcngth and

scrotal circumference indicate that selection to improve fleece traits will only cause a small

response in scrotal circumference. Correlations with clean fleece weight, measured in rams

particularly, indicate that there may be a slightly greater correlated increase in scrotal

circumference when selecting for clean fleece weight.

Merino Genetic Services, a genetic evaluation service, assumes a genetic correlation of both

clean fleece weight and fibre diameter with number of lambs weaned of 0.0 at all ages (Pers.

Comm. D. Brown 2003), whereas Rampower, another Australian Merino genetic evaluation

service, assumes a value of 0.1 (Pers. Comm. K. Atkins 2003). The analysis carried out

between individual ages indicated that the correlations assumed by the genetic evaluation

services were in good agreement for fibre diameter but were not for clean fleece weight. The

main analysis using average reproduction traits indicated that correlations were in the range

0.0 to 0.2 (Table 4.12), and agreed morc closcly with the current values used by genetic

evaluation services. However, it could be suggested that when creating specific indexes the

correlations used may need to be changed depending on the traits being used in the index.

In Chapter 3, litter size was suggested as a candidate for use in genetic improvement

programs. The correlations estimated in this chapter support this recommendation.

Correlations between average litter size and clean fleece weight \ryere more consistent across

ages than fertility, and were similar to correlations between average number of lambs weaned

and fleece traits suggesting that it may make a good trait to use in a selection index. Litter

size also had mostly positive genetic correlations with fleece traits indicating that selection to

improve either reproduction or fleece traits will not adversely affect the other. Similarly for

scrotal circumference at 10 months of age, low and mainly positive correlations with fleece

traits indicates that scrotal circumference at this age may be safely used as an indirect

selection criterion. Correlations between staple length and average litter size were generally

small but negative, indicating that there may be a small adverse effect on reproduction if
greater staple length was desired. However, correlations at young ages of fleece measurement

and for male measurements were low and positive indicating that early selection would

possibly give a more desired response.
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4.4 CONCLUSION

The results from this study suggest that there are significant non-zero genetic relationships

between reproduction and fleece traits. There are very few correlation estimates published in

the literature between wool and reploduction traits, and thosc that are, vary widely'

Correlations estimated here were in general agreement with other published estimates from

Australian Merinos. V/hile genetic correlations were low overall, they were generally

consistent over the different ages of measurement of the wool traits. The standard enors of

the correlation estimates mean that they were generally not significantly different from zero,

but were favourable for allowing the improvement of both reproduction and fleece characters

at the same time using appropriate selection techniques. As has been previously suggested,

litter size and scrotal circumference would be recommended as selection criteria for use in an

index due to more stable correlations over ages of measurement and slightly higher

correlations with fleece traits. The parameters currently used by genetic evaluation services

fit \Mithin the range of estimates from this study for fibre diameter but not clean fleece weight'

Further analysis needs to be carried out on other large data sets to get more estimates from

other populations of Merinos to be more confident in applyng these values in genetic

evaluation programs.
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Chapter 5

Genetic Parameters for Growth and Live Carcase Traits

5.1 INTRODUCTION

Traditionally, Merino sheep have been selected mainly for wool traits, with limited attention

paid to meat attributes. However, Merino sheep are 'dual purpose' in the sense that they

generate income from both the sale of wool and of surplus sheep. Using 1987-88 prices as a

basis the corresponding figures in 1999-2000 for wool, lambs and mutton ate 65%o,l5lo/o and

l33o/o,respectively (ABARE 2000). In many SA Merino flocks and throughout Australia this

trend has resulted in an increase in the contribution of lambs and mutton to income, relative to

that from wool, and greater emphasis placed (or considered) on sheep meat production,

relative to that placed on wool (Úrgham and Ponzoni 2001; Safari et al. 2001, Clarke 2002;

Davidson et al.2002; Fogarty et al.2003).

Genetic parameter estimates are widely available for Merinos for fleece traits and weight

traits at birth, weaning and older ages (Ponzoni and Fenton 2000). However, there are few

genetic parameter estimates of weight traits between weaning and yearling ages, and fewer

estimates of carcase traits at any age. It is important for the further development and proper

use of the Merino as a dual-purpose breed, that the gaps in our knowledge of the interactions

between weight and carcase traits are filled. This chapter presents genetic parameter

estimates for live weight from birth to hogget age (16 months), and for fat and eye muscle

depth from four months of age to hogget age.
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5.2 MATERIALS AND METHODS

The data used were from the Selection Demonstration Flocks and are described in detail in

Chapter 2.1.3. The number of records available, mean, standard deviation and range for each

of the traits in Table 5.1. Live weight was measured at birth and weaning, then live weight,

fat depth and eye muscle depth were measured at approximately 6 weekly intervals until 10

months of age. Fat and eye muscle depth \Mere measured by ultrasound at the C site.

Table 5.1 Number of records available (n), mean, standard deviation (s.d.)'

coefficient of variation (CÐ and range for live weights, fat depths and eye muscle

depths

EMD4
EMD5
EMDT
EMDS
EMD1O
EMD13
EMD16

Muscle Gain

7.0 -29.0
10.0 - 28.0
8.0 - 25.0
8.0 - 29.0
13.0 -32.0
16.0 - 37.0
17.0 - 33.0
-0.36 - 0.40

1769
t657
t69l
1674
r669
t6l0
r666
1666

19.8
18.9
t7.l
20.4
23.2
24.1
26.4

0.0004

0.16
0.12
0.77
0.14
0.11
0.10
0.09
250

3.08
2.35
2.91
2.91
2.58
2.42
2.25
0.10

Eye muscle depth
(mm)

FAT4
FAT5
FATT
FATS

FAT1O
FATl3
FAT16

Fat Gain

0.5 - 4.5
0.5 - 3.5
0.5 - 3.5
0.5 - 4.0
1.0 - 4.0
1.0 - 5.0
1.0 - 5.5

-0.57 - 0.40

1769
r6s7
r697
t674
1669
1670
t666
1666

1.8

t.4
t.2
1.5

2.3
2.6
3.1

0.001

0.33
0.34
0.40
0.35
0.24
0.27
0.28
150

0.59
0.48
0.48
0.52
0.56
0.70
0.86
0.15

Fat depth
(mm)

BW
W\M
\üT4
wT5
wT7
\MT8
wTl0
\ilT13
wTl6

1.8 - 8.4
9.0 - 44.2

9.6 - 48.4
13.0 - 50.5
13.9 - 54.5

14.3 - 58,0
20.5 - 67.s
24.8 -74.5
31.6 - 88.5
-0.30 - 032

1790
1789
t774
t76r
1703
1678
1669
1670
7666
t666

5.0
26.9
29.8
31.8
31.8
35.6
41.9
47.8
58.9

0.002

0.91
5.98
6.33
6.23
6.02
6.56
7.t9
8.79
9.03
0.09

0.18
0.22
0.21
0.20
0.19
0.r8
0.17
0.18
0.1s
45\ry Gain

Live weight
(ke)

Birth weight (kg)
\üeaning weight (kg)

Trait Abbreviation n Mean s.d. CV Ran

Figures after the abbreviation are months of age,

Standardised Fat and Muscle gain(7 - 16 months)
Standardised Weight gain (7 - 16 months) units :
units : months-l
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Figure 5.1Means of live weight, fat depth (xl0) and eye muscle depth
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Statistical Analysis

Data were analysed using linear mixed model methodology in ASReml (Gilmott et al.2002).

An animal term was fitted allowing optimal analysis of a finite, selected population. All two-

way interactions between fixed effects were tested. Where the interactions were non-

significant (P>0.05) they were not included in the final models.

The final base model can be written as:

y=Xr +Zta+Zrc+e

where

y - N(x" ,o'"zr\Z', + o:z2z'2 + o2l,)

and

e-Nþ,ot)
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where Xt'" is a design matrix which assigns the effects to animals, lt't is the vector of

fixed effect means, Zi"' is the design matrix for the animal effects, A is the numerator

relationship matrix, Zi"q is the design matrix for the dam common environmental effects.

The vectors f and C represent the animal and dam common environmental effects

respectively. el*" is the vector of random errors. oj is the variance due to the animal

effect, o! is the variance due to the dam common environmental effect and o2 is the

residual variance parameter.

This model can also be symbolically written as:

y - mean + year (2000, 2001) + flock (1-5) + type of birth and rearing (LL,2L,

22) + linear(age of dam) + linear(day of birth) + animal + dam

Terms fitted as random effects in the model are underlined, all other terms are fitted as fixed

effects with levels in parentheses. The dam common environmental component includes both

thc non-genetic effect of the dam and the direct genetic effect of the dam, or the genetic

matemal effect. This will be referred to as the permanent maternal effect. This formed the

base model for all analyses. Each variate was tested and the model was modified where

necessary. Changes to the base model foreachvanate are shown in Table 5.2. An ante-

dependence model was also tested but was not appropriate for this data.

Table 5.2 Final models fitted to growth traits

Model2
Base model without dAm + sipnificant
interactions * linear(weight) +
weight:sex

Eye muscle depth

Model IBase model without dam + significant
interactions

Model2
Base model without dam + significant
interactions t linear(weight) +
weight:sex

Fat depth

Model 1Base model without dam + significant
interactions

Base model + significant interactionsLive weight

Defïned asModel fittedVariate
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A repeatability model was fitted to the female data by using a multivariate analysis. Fixed

effects included are shown in Table 5.2. The limitation with repeatability is that it does not

allow for differing variances at different ages. Hotvever, more sophisticated models did not

show a significant improvement, hence the simpler model assuming equal variance at each

agc was considered to be sufficient. These analyses were also performed ttsing ASReml

(Gilmour et aL.2002)

A random regression model was fitted to the growth data. T his model included the fixed

effects as shown in Table 5.2. The random regression model fitted orthogonal polynomials of

age at measurement as independent variables. Data from 4 months of age was used to avoid

potential problems associated with birth weights; the inclusion of birth weight has been

shown to considerably increase the order of polynomial fit required (Meyer 2001). Apiolaza

et al. (2000) also showed that random regression models may have trouble fitting data

containing large scale effects where small variances exist, such as for birth weight. A

quadratic model was used for both random effects, the direct genetic and direct permanent

environmental effect. For weight the permanent maternal effect was also fitted. Lety¡ denote

the jth record of animal i at age t¡ , then the random regression model was defined as:

'r)2
! u = F¡ + la,,,Q(tu) + I p,,Q(t u) + Zdpr * € 

ü
m=0 m=0 m--O

where:

{ represents the fixed effects, a¡^ and pi,, are the m'h order random regression coefficients of

the direct additive genetic and direct permanent environmental effects, respectively, dpr is the

permanent environmental effect of dam k fittedto live weight only, (Þ(/U ) is the tn 'h value of

the orthogonal polynomial at age t¡, and e ,, is the residual effor.

The standardised difference between measurements of weight, fat and eye muscle depth at 7

and 16 months of age (Equation 5.1) was used to create three new traits, weight gain, fat gain

and muscle gain. The difference between 7 and 16 months was used rather than 4 and 16

months because, as canbe seen in Figure 5.1, the slope of the growth curve for all three traits

was more linear between 7 and 16 months than over the whole time period. The standardised

difference of weight, fat depth and eye muscle depth will be referred to as weight gain (WG),

lat gain (FG) and muscle gain (MG). Fixed effects \ryere as shown in Table 5'2,but dam was

not fitted as a random effect for any of the new traits. Where Model 2 is referred to, fat gain

and muscle gain were adjusted for weight gain rather than live weight.

Growth and Live Carcase Chapter 5 86



Standardised Difference between measurements at 7 and l6 months:

rgain (monthl) - 
xl6- x7

9

where 16 and 7 : months of age, 9 : the difference between 7 and 16, x

weight, fat depth or eye muscle depth according to:

(Equation 5.1)

: standardised

(Equation 5.2)

where lc, : the ith record, .tr : the mean, a : the standard deviation

Heritabilities reported were from univariate and random regression analyses. Correlations

between different ages of the traits and between different traits were from multivariate

analyses. Heritabilities and correlations will be referred to as very low to very high according

to the classification in Table 2.5.
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5.3 R.ESULTS

5.3.1 Fixed Effects

The significance of fixed effects for live weight, and fat and eye muscle depth using Model 2

are presented in Table 5.3 and Table 5.4, Least squares means are preseuted in Tables C.l -
C.9 (Appendix C). Between year effects were significant for all traits at all ages except for

weight at birth and 4 months of age and fat depth at 7 months of age. The difference between

years w as greater at o lder ages for weight, with animals in 2 000 at I6 months of age 8%o

heavier than animals in 2001. Similarly, for fat depth differences between years \¡/as greater

at older ages with animals at 16 months of age 39o/o fatter in 2001 than 2000. Differences

between years \À/ere greater for eye muscle depth at young ages. Animals had I 2o/omore

muscle depth at 4 months of age in 2000 than in 2001.

Flock effects were also significant for all traits at all ages, except at 4 months of age for fat

depth (Table C.1). The Measured Performance Recording flock was heavier (6 %) than the

other flocks at weaning and 4 months of age. At 5 months of age, the Measured Performance

Recording flock and the Fibre meat plus flock w ere heavier than the other flocks, and the

Fibre meat plus flock was heavier (6 to l0 %) than all other flocks from 7 months on. For fat

and eye muscle depth, the Control flock was generally fatter (7 to 15 o/o) and more muscled (3

to 6 o/o) than the other flocks. For fat depth, the Elite Wool flock was not significantly

different from the Control at 5 months of age, and at 8 months of age the Elite Wool flock and

the Fibre meat plus flock were not significantly different from the Control. The Fibre meat

plus flock was not significantly different to the Control for eye muscle depth at 8 and I 0

months of age.

Sex effects were significant for all traits at all ages except fat depth at 7 months of age (Table

C.2). Not surprisingly, males were consistently heavier (16 % at 16 months of age) and more

muscled (2 o/o at 16 months of age), but females were fatter (26 % at 16 months of age).

Type of birth and rearing effects were significant for live weight at all ages, with single born

and reared animals consistently heavier than twin bom and raised animals (Table C.2). Until

animals were 10 months of age, single born animals were heavier than twin bom by 4 to 17

o/o, and single raised animals had an advantage of between 2 and 16 % over twin raised

animals. From 10 months of age twin born and single raised animals were not significantly
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different from twin bom and raised animals. For fat depth, type of birth and rearing effects

were not significant until 8 months of age. Generally twin born and raised animals were fatter'

(4 to 9 o/o) than single bom and raised, but twin born and single raised w ere intermediate'

Similarly for eye muscle depth, tlpe of birth and rearing effects were not signif,rcant until 7

months of age where twin bom animals had greater eyc muscle depths (1 to 3 o/o) than single

bom animals.

The year by flock interaction was significant for all live weight measurements and generally

at older ages for fat and eye muscle depth (Table C.3). This interaction was significant due to

a re-ranking of the flocks in each year. Year by type of birth and rearing interactions were

generally due to a difference in the response of multiples in the different years. Year by sex

interactions were due to both sexes responding differently in each of the years'
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6.93 * *.*

3.74
t5.4
1008

*
t< **

** d.

4.41 t<

3.67
13.1

{<
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1.3 8 NS

0.88
0.00
528

NS

NS
* t<*

18.4 ***

87.9 ***

24.6
365

t**
t<**

14.9
13.5

6.97
10.3

6.61

t* {<

* t<*

x*t<

**
**

Year
Flock
Sex
Tobr
Aod
Age

Weight
Year:Flock
Year:Sex
Year:Tobr
Sex:Age
Tobr:Age

Sex:Weight

4

months

23.4
336
14.t

*l<*

**ì<

***

9.24
23.4
8.92

***
{<**

*t*

Year
Flock
Sex
Tobr
Aod
Age

Year:Flock
Year:Sex
Year:Tobr
Sex:Age
Tobr:Age

Weaning

129 ***

89.3
8.04
3.28

***
t{<

*

4.18 t<*

4.63 rF

Year
Flock
Sex
Tobr
Aod
Age

Year:Flock
Year:Sex
Year:Tobr
Sex:Age
Tobr:Age

Birth

F value F SigF value F SigF value F SigFixed EffectAge

Eye muscle depthFat depthLive weight

Tabte 5.3 Analysis of variance F values for live weight, fat depth and eye muscle

depth adjusted for weight from birth to 4 months of age

Tobr: type of bifh and rearing, Aod: age of dam. **{, : P<0.001, ** : P<0.01, * : P<0.05, ns

: not significant
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*

7s.2 *r<t<

3.46 +

0.53
4.90

NS
**t

2.34
0.69
0.22
304

NS

NS

NS
***

19.1 *{.t

45.7

13,9

66s

***
***
t<**

8.06 ***

r27 {<* *

Year
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7

months

0.42
5.68
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Sex:Age
Tobr:Age

Sex:Weight

5
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F value F SieF value F SieF value F SigFixed EffectAge

Eye muscle depthFat depthLive weight

Table 5.4 Analysis of variance F values for live weight, fat depth and eye muscle

depth adjusted for weight from 5 to 8 months of age

Tobr: type of birth and rearing, Aod : age of dam. **t' : P<0
: not significant
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F value F SieF value F SieF value F SigFixed EffectAge

Eye muscle depthFat depthLive weight

Table 5.5 Analysis of variance F values for live weight, fat depth and eye muscle

depth adjusted for weight from 10 to 16 months of age

Tobr: type of birth and rearing, Aod: age of dam. *** : P<0'001, xx : p<Q

: not significant
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5.3.2 Variances

The phenotlpic variance of live weight at different ages increased as age increased (Table

5.6). There were large differences between birth and weaning, and 13 and 16 months of age

for weight. Genetic variance also increased with age, but low values were estimated at 4 and

7 months of age. Permanent maternal variance also increased with age.

Phenotypic and genetic variance of unadjusted (Model 1) fat depth was higher at 4 months of

age than 5 months of age, but increased as age increased after 5 months of age (Table 5.7).

The phenotypic variance of fat depth adjusted for weight (Model 2) was lower than that for

unadjusted fat depth but followed the same pattem increasing as age increased. There was

very little difference between the genetic variance of the two models fitted, Model 2 estimates

were slightly lower. Phenotypic variance of unadjusted eye muscle depth increased to 8

monthsofageandthendecreased. Adjusted eye muscledepth followeda similarpattem

although to a lesser extent, and phenotypic variances for adjusted data were much lower.

Genetic variances for unadjusted eye muscle depth also increased up to 8 months of age and

then decreased. The difference between the two models fitted was not as great as for

phenotypic variancc and was greatest at 8 months of age and least at older ages.

Table 5.6 Genetic and phenotypic variances of live weight traits at different ages

(months)

T{

'lit

0.253
2.08
2.40
t.t2
2.86
2.47
3.07
3.41
s.48

0.639
t2.09
14.00
17.88
19.15
23.t5
25.10
28.43
39.37
0.316

0.199
2.40
7.77
4.t5
2.93
5.49
4.55
4.57
5.80

0.0469

Birth
'Weaning

4
5

7

8

10
13

t6
WG

Genetic
variance

Permanent
maternal
variance

Phenotypic
variance

Weight
Age

WG: Weight gain
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Table 5.7
ages

Genetic and phenotypic variances of fat and eye muscle depth at different

:

0.84
0.61
1.58

1.18

r.26
t.02
1.20

0.0134

2.r7
2.12
3.29
3.02
2.67
2.49
2.71
0.555

|.7t
l.3l
2.77
2.86
1.85

1.36
t.45

0.707

3.91
3.59
6.03
6.27
4.58
3.90
4.12
0.734

4
5

7

8

10
13

16
MG

EMD

0.081
0.040
0.047
0.050
0.062
0.077
0.099

0.0752

0.166
0.136
0.154
0.167
0.202
0.1 95

0.2t8
0.722

0.094
0.032
0.056
0.061
0.067
0.084
0.098
0.139

0.2t7
0.1 56
0.191
0.2r7
0.241
0.223
0.245
0.832

4
5

7

8

10

13

t6
FG

FAT

Genetic
variance

Phenotypic
variance

Genetic
variance

Phenotypic
varianceAge

Model2Model I

FAT: Fat depth, EMD : Eye muscle depth, Ages are in months, FG: Fat gain, MG: Muscle gain, Model I

base model, Model 2 includes weight covariate

il
t.i

I

i
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5.3.3 Heritabilities

Direct heritability for live weights was highest at birth (0.34 + 0.09) and generally declined

with age to 0.18 (+ 0.06) at 16 months (Table 5.8, Figure 5.2). The permanent maternal effect

(c2 as a proportion of the phenotypic variance) was higher than dircct heritability at birth (0'46

+ 0.03), declined to 0.21 (+ 0.03) at weaning, and subsequently stabilised at about 0.15.

Immediately after weaning (4 months) direct heritability declined (0.20 + 0.07), whereas at 5

months, heritability was higher (0.28 + 0.08) reflecting expression of genes for growth during

this period with a corresponding lower maternal environmental heritability. The heritability

of weight gain was lower (0.15 + 0.06) than the heritabilities of weight at individual ages.

Heritability of fat depth generally increased from 0.21 (+ 0.06) at 5 months of age to 0.40 (+

0.07) at 16 months of age. The heritability of fat depth was high at 4 months of age (0.43 +

0.07) (Table 5.8, Figure 5.3). Adjustment for weight slightly increased the heritability

estimates for fat. Heritabilities of eye muscle depth were about 0.45 up to 8 months of age

and were reduced to 0.35 at 13 and 16 months of age. The heritability increased slightly with

age when adjusted for weight. The heritabilities of fat gain and muscle gain were generally

significantly lower than the hcritabilities at each individual age (fat gain 0.17 + 0.06, muscle

gain 0.10 + 0.05). Adjustment for weight gain reduced the estimate further (fat gain 0.10 +

0.05, muscle gain 0.02 + 0.03).
ü
l

I
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Tabte 5.8 Additive heritability G1 and permanent maternal effect (c2) for live

weight traits (standard error) for growth traits at different ages
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Figure 5.2 Direct heritability and permanent maternal effect of live weight
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Figure 5.4 Heritability of growth traits using a quadratic random regression model
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Heritabilities from random regression analyses for fat and eye muscle depth followed a

similar trajectory to those estimated at individual ages (Figure 5.4). The trajectory for live

weight was different to the mixed model estimates for the direct effect with heritabilities

generally higher from the random regression analysis. The heritability of live weight ranged

fi'orrr 0.26 to 0.42, fat depth ranged from 0.28 to 0.47 , and eye muscle depth ranged from 0.18

to 0.51 (Figure 5.4).

5.3.4 Correlations within Growth and Live Carcase Traits

Live ll'eights

Phenotypic correlations between different ages of live weight increased as the difference

between ages decreased i.e. similar ages had greater correlations than different ages (Table

5.9). All correlations were positive and ranged from low (0.24+ 0.03) to veryhigh (0.88 +

0.01). Birth weight had the highest correlation with weaning weight (0.37 + 0.02) and

declined to weight at 8 months (0.24 + 0.27). The phenotypic correlation between weaning

weight and other weights were higher and were relatively constant ranging from 0.57 to 0.88.

Phenotypic correlations between weight gain and the different ages of live weight were

generally negative (range of -0.44 to -0.01) except with weight at 13 and 16 months of age

which were positive (0.12 and 0.35).

All genetic correlations between different ages were positive, and over all ages ranged from

0.00 (+ 0.22) to 1.00 (+ 0.02). Correlations with birth weight were low with high standard

eraors and ranged from 0.00 (+ 0.22) to 0.33 (+ 0.19). Genetic correlations among other ages

were generally high, ranging from 0.41 (+ 0.19) to 0.83 (+ 0.08), and decreased as the

difference between ages increased. Genetic correlations between weight gain and live

weights were generally low to moderate ranging from 0.01 (+ 0.16) to 0.51 (+ 0.18). The

highest was between weight gain and live weight at 8 months, and the lowest were with birth

weight and live weight at 16 months.

Fat Depth

Phenotypic correlations between different ages of measurement of fat depth increased as the

difference between ages decreased, except at 5 months of age (Table 5.10). Correlations were

all low to moderately positive and ranged from 0.27 (+ 0.03) to 0.44 (+ 0.02). At 5 months of

age, phenotlpic correlations with older ages changed very little ranging from 0.28 (+ 0.03) to
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0.30 (+ 0.03). Phenotypic correlations between fat gain and fat depths were generally

negative and variable. The phenotypic correlations between fat gain and fat depth at 13 and

16 months were positive (0.01 and 0.38)

Genetic correlations wele moderate to very highly positive and rangcd from 0.57 (+ 0'10) to

1.05 (+ 0.04) (0.99 when constrained) (Table 5.10). All correlations with fat depth at 8

months of age and older were very high and greater than 0.8. As for phenotypic correlations,

genetic correlations between 5 months of age and older ages had a different pattem;

correlations increased slightly then were reduced at 13 and 16 months of age. Genetic

correlations between fat gain and fat depths were low to moderately positive with the highest

at 7 months (0.60 + 0.14) and the lowest at 13 months (0.06 + 0.25). Standard errors were

very high for all genetic correlations with fat gain.

Eye Muscle Depth

Phenotypic correlations between different ages of eye muscle depth generally increased as the

difference between ages decreased (Table 5.11), except for correlations between 5 months of

age and all other ages. Correlations between 5 months of age and all other ages changed little

ranging from 0.37 (+ 0.02) to 0.44 (+ 0.02), correlations between other ages were positive and

ranged from low (0.33 + 0.02) to moderate (0.53 + 0.02). Phenotypic cor:relations between

muscle gain and eye muscle depths at different ages were highly variable ranging from -0.44

(+ 0.02) to 0.64 (+ 0.02).

Genetic correlations between all ages of eye muscle depth were high to very high and ranged

from 0.77 (+ 0.09) to 0.99 (+0.04) (Table 5.11). Genetic correlations did not change

significantly with age except for correlations with 5 months of age, where they were slightly

lower than genetic correlations among other ages. Similarly to phenotypic correlations,

genetic correlations between muscle gain and eye muscle depth at different ages were highly

variable and ranged from -0.23 (+ 0.35) to 0.51 (+ 0.26). Standard effors on these correlations

were very high.

Growth and Live Carcase Chapter 5 100



Table 5.9 Phenotypic (above diagonal) and genetic (below diagonal) correlations
(standard error) between live weight traits at different ages and weight gain (WG)
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0.t4
(0.208)

0.08
(0.217)

0.00
(0.222)

0.29
(0.217)

0.83
(0.078)

0.77
(0. l ls)

0.41
(0.1 86)

0.48
(0.172)

0.51
(0.173)

0.50
(0. l7e)

0.58
(0.172)

0.86
(0.071)

0.62
(0. l 52)

0.69
(0. r 30)

0.63
(0. l s4)

0.56
(0. l 76)

0.67
(0. I s2)

0.9s
(0.033)

0.83
(0.087)

0.82
(0.087)

BW

ww

wT4

wT5

\ilT7

wT8

wTl0

wTl3

\ryTl6

WGBW W\ry WT4 WT5 WT7 WT8 wT10 wT13 WT16

BV/ : Birth weight, WW : Weaning weight, WT : Live weight, f,rgures after the abbreviation are months of age

Table 5.10 Phenotypic (above diagonal) and genetic (below diagonal) correlations
(standard error) between adjusted fat depth at different ages and fat gain (FG)

(Model2)

0.33
(0.281)

0.60
(0. l3s)

0.21
(0.217)

0.16
(0.262)

0.23
(0.261)

0.06
(0.241)

0.11
(0.232)FG

-0.14
(0.026)

-0.09
(0.026)

-0.80
(0.010)

-0.18
(0.025)

-0.09
(0.026)

0.01
(0.026)

0.38
(0.023)

0.99
(0.0s8)

0.74
(0.08e)

0.82
(0.088)

0.83
(0.072)

0.57
(0.0e7)

0.67
(0.08e)

0.38
(0.022)

0.73
(0. l l7)

0.92
(0.0e0)

0.86
(0.08e)

0.74
(0.0e7)

0.70
(0.1 07)

0.36
(0.023)

0.29
(0.024)

0.93
(0.070)

0.85
(0.084)

0.76
(0. r 03)

0.74
(0. l 03)

0.30
(0.024)

0.30
(0.024)

0.44
(0.02r)

1.05
(0.03e)

0.96
(0.060)

0.96
(0.067)

0.31
(0.024)

0.30
(0.024)

0.37
(0.023)

0.41
(0.022)

0.97
(0.0s6)

1.00

0.27
(0.025)

0.30
(0.024)

0.29
(0.024)

0.37
(0.023)

0.47
(0.022)

0.28
(0.02s)

0.28
(0.025)

0.29
(0.024)

0.34
(0.023)

0.37
(0.023)

0.43
(0.022)

10. 058)

0.99
(0.043)

FAT4

FAT5

FATT

FATS

FAT1O

FAT13

FAT16

FGFAT4 FATs FATT FATS FAT1O FAT13 FAT16

FAT : Fat depth, figures after the abbreviation are months of age, Model 2 includes weight covariate
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Tabte 5.11 Phenotypic (above diagonal) and genetic (below diagonal) correlations
(standard error) between adjusted eye m uscle depth at different ages and muscle

gain (MG) (Model2)

-0.23
(0.3s3)

0.20
(0.341)

-0.09
(0.317)

0.42
(0.27e)

0.51
(0.2se)

0.26
(0.31 1)

0.42
(0.231)MG

0.01
(0.026)

-0.01
(0.026)

-0.44
(0.021)

-0.04
(0.026)

0.07
(0.026)

0.14
(0.025)

0.64
(0.016)

0.91
(0.060)

0.89
(0.06e)

0.82
(0.07e)

0.90
(0.062)

0.94
(0.066)

0.95
(0.067)

0.42
(0.022)

0.99
(0.041)

0.82
(0.076)

0.85
(o.o6e)

0.77
(0.0e1)

0.80
(0.083)

0.36
(0.023)

0.44
(0.022)

0.97
(0.037)

0.96
(0.045)

0.88
(0.062)

0.95
(0.04s)

0.34
(0.024)

0.39
(0.023)

0.53
(0.01e)

0.98
(0.033)

0.92
(0.058)

0.85
(0.073)

0.37
(0.023)

0.40
(0.023)

0.49
(0.021)

0.53
(0.01e)

0.92
(0.0s3)

0.99
(0.03s)

0.35
(0.023)

0.38
(0.023)

0.44
(0.022)

0.46
(0.0r8)

0.50
(0.017)

0.95
(0.045)

0.33
(0.024)

0.37
(0.023)

0.4r
(0.023)

0.41
(o.o1e)

0.48
(0.018)

0.51
(0.ole)

EMD4

EMD5

EMDT

EMDS

EMD1O

EMD13

EMD16

MGEMD4 EMDs EMDT EMDS EMD1O EMD13 EMD16

EMD : Eye muscle depth, figures after the abbreviation are months of age, Model 2 includes weight covariate

5.3.5 Repeatabilities

The growth traits were analysed with the same repeatability model used in Chapter 3 which

allowed for quantification of the heritable as well as the repeatable variation. With this

model, the heritabilities were much lower (about half for weight and fat depth) than those for

individual traits, but were similar to the heritability of gain traits (weight, fat and muscle gain)

(Table 5.8). The repeatabilities ranged from 0.46 to 0.59 (Table 5.12) which were similar to

the phenotypic correlations estimated within each trait (Table 5.9, Table 5.10 and Table 5.11).

Tabte 5.12 Heritability, repeatability and phenotypic variance for live weight, fat and

eye muscle depth using repeatability model analysis

0.10

0.48

0.70

0.t7
0.46

0.25

0.11

0.59

0.33

Heritability
Repeatability

vp

Live weight Fat depth Eye muscle depth
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5.3.6 Correlations between Growth and Live Carcase Traits

Phenotypic Corr elations

Phenotypic correlations between live weights and adjusted fat depths ranged from moderate

and negative, -0.36 (+ 0.03), to moderate and positivc, 0.42 (+ 0.03) (Table C.12).

Phenotypic correlations b etween fat depth at all ages with birth weight w ere negative, and

were largest (-0.30 + 0.03) at 10 months of age. Most phenotypic correlations between

similar ages and all phenotypic correlations between the same ages were positive. The

phenotypic correlation between weight gain and fat gain (0.36 + 0.02, Table 5'16) was

similar, although slightly higher, to phenotypic correlations between live weight and fat depth

at the same ages. The correlation did not change when fat gain was adjusted for weight gain

(Model2).

Phenotypic correlations b etween live weights and adjusted eye muscle depths ranged from

low and negative, -0.26 (+ 0.03), to high and positive, 0.79 (+ 0.01) (Table C.13). Most

correlations within this range were very low and close to zero. Phenotypic correlations

between live weight and eye muscle depth were higher than phenotypic correlations between

live weight and fat depth at thc same ages. All phenotypic correlations between eye muscle

depth and birth weight were negative, and correlations between similar ages were moderate to

highly positive. The phenotypic correlation between weight gain and muscle gain (0'45 +

0.02, Table 5.16) was similar to phenotypic correlations between live weight and eye muscle

depth at the same ages, and did not change with adjustment of muscle gain for weight gain

(Model2).

Phenotypic correlations between adjusted fat and eye muscle depth were all positive and

ranged from low (0.14 + 0.03) to moderate (0.40 + 0.02) (Table C.14). Correlations between

the same age of measurement were the highest (ranging from 0.28 to 0.40) and all others were

approximately 0.2 to 0.3. The phenotypic correlation between fat gain and muscle gain (0.32

+ 0.02, Table 5.16) was similar, although slightly lower than the phenotypic correlations

between fat depth and eye muscle depth at the same ages. This value decreased to 0.19 (+

0.02) when both traits were adjusted for weight gain (Model 2).

Genetic Correlations

Genetic correlations between live weight and adjusted fat depth at different ages ranged from

-0.86 (+ 0.06) to 0.52 (+ 0.16), with the majority of estimates low and negative (Table 5.13).
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Genetic correlations between birth weight and fat depth were highly negative. Genetic

correlations between traits measured at the same age were positive. The correlations at early

ages for both traits (weaning, 4 and 5 months) were low, and between 7 months onwards for

fat depth and weaning,4 and 5 months forweight correlations were moderate and negative.

Similarly, correlations between youltg ages of fat depth (4 to 10 months of age) and older

ages of live weight (7 to 16 months of age) were negative. Genetic correlations between all

ages of fat depth and live weight at 16 months of age were negative and from 4 to 10 months

of age were moderate.

Correlations between live weight and adjusted eye muscle depth at different ages ranged from

-0.66 (+ 0.12) to 0.72 (+ 0.07), with most estimates low or very low and positive (Table 5.14).

Genetic correlations between birth weight and eye muscle depth were highly negative'

Genetic correlations between traits measured at the same age were generally positive, and

were higher than the correlations between fat depth and weight at the same ages. Generally

the genetic correlations were low to moderate. Genetic correlations between all ages of eye

muscle depth and live weight at 16 months of age were low and negative.

Table 5.13 Genetic correlations (standard error) between live weight and adjusted fat
depth (Modet 2)

-0.74
(0.0e4)

-0.57
(0.r47)

-0.58
(0. l l2)

-0.81
(0.07e)

-0.86
(0.060)

-0.74
(0.080)

-0.63
(0. l 06)

-0.06
(0. l s8)

-0.16
(o.l el)
-0.55
(0.122)

-0.56
(0.lrs)

-0.37
(0.133)

-0.57
(0.l ls)

-0.29
(0.140)

0.10
(0. l 84)

-0.19
(0. r 6s)

0.06
(0. l e6)

-0.38
(0. l 64)

-0.27
(0.216)

0.15
(0.1e3)

-0.35
(0.1 s2)

-0.15
(0.202)

0.18
(0.1 87)

0.27
(0.1 e7)

-0.28
(0. l 67)

-0.00
(0.1 8s)

-0.16
(0. r 6s)

-0.48
(0.1 s8)

-0.38
(0.201)

-0.36
(0.175)

-0.48
(0. l 68)

-0.50
(0.1 65)

-0.31
(0.2 r 8)

-0.33
(0. l 87)

-0.46
(0.1 83)

0.24
(0. r ee)

-0.79
(0.170)

-0.59
(0.22s)

-0.58
(0.1 82)

-0.44
(0.201)

-0.45
(0.172)

-0.06
(0.1 e6)

0.14
(0.224)

-0.48
(0.148)

-0.55
(0. l 37)

-0.34
(0. l 70)

-0.47
(0.154)

-0.39
(0.126)

-0.43
(0. I 3e)

-0.49
(0. l 34)

-0.21
(0.1s6)

-0.21
(0.1 se)

-0.34
(0.122)

0.06
(0.210)

-0.38
(0. l 60)

-0.12
(0.1 83)

-0.27
(0.1 60)

0.17
(0.1e3)

0.45
(0. l se)

-0.19
(0. I 7s)

0.52
(0. l 5s)

-0.24
(0.1 83)

-0.06
(0.203)

FAT4

FAT5

FATT

FATS

FAT1O

FAT13

FAT16

B\ü \üW WT4 WTs \ilT7 WT8 \üT10 \ilT13 \ilTl6

BW : Birth weight, WW : Weaning weight, WT: Live weight, FAT: Fat depth, figures after the abbreviation

are months of age, Model 2 includes weight covariate
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.2

-0.27

-0.66
(0.122)

-0.41
(0. r 60)

-0.55
(0. r 14)

-0.57
(0.111)

-0.10
(0.126)

-0.s2
(0.122)

-0.57

0.36
(0.138)

0.29
(0.150)

0.01
(0.1 57)

-0.11
(o.l7l)
-0.08

(0. r 70)

-0.11
(0.1 70)

-0.06

0.58
(0.10e)

0.02
(0.15s)

0.03
(0.1e8)

0.05
(0.1e3)

-0.08
(0. lee)
0.05

0.03
(0.1 73)

0.09
(0. r6s)

0.07
(0.16r)

0.09
(0. r 63)

0.11
I

0.12
0.1ll 0.10.1 18

0.3 r
(0.1 87)

0.25
(0. l 80)

0.22
(0.1 eo)

0.15

0.31
(0. l 70)

0.r2

0.26
(0. r 6e)

0.21
(0.181)

0.18

EMD4

EMD5

EMDT

EMDS

EMD1O

EMD13

EMDl6

-0.18
(0. l 88)

0.13
(0. l e0)

0.16
(0.t71)
0.12

-0.19
(0. le7)
0.19

(0. le3)
0.r4

(0. r 8s)

0.09
(0. r 84)

-0.08

-0.46
(0.1 es)

-0.28
(0.2 r3)
-0.24

(0.203)

-0.20
(0.1 e7)

-0.22
(0. l ee)

-0.11

0.61

1

0.32
I

.2

I
-0.04

1731

0.32
t3J

0.31

0.s7
101

0.72
0.073

0.07
(0. l 75)

0.25
(0.148)

0.26

0.18
(0.17 l)
0.30

BW WW WT4 \ilTs wT10 wT

Tabte 5.14 Genetic correlations (standard error) between live weight and adjusted
eye muscle depth (Model2)

BW : Birth weight, WV/ : Weaning weight, WT: Live weight, EMD : Eye muscle depth, figures after the

abbreviation are months of age, Model 2 includes weight covariate.

All genetic correlations between adjusted fat and eye muscle depth were positive and ranged

from low (0.34 + 0.13) to high (0.79 + 0.08) (Table 5.15). Generally correlations increased as

the difference between ages decreased. Genetic correlations between the traits at the same

ages were high to very high and positive. Genetic correlations with eye muscle depth at 7

months of age were slightly higher than at other ages at approximately 0.7. Generally, genetic

correlations between these traits were 0.5 or greater across all ages, except correlations

between fat depth at 5 months of age and eye muscle depth at 10, 13 and 16 months of age

which were approximately 0.4. The genetic correlation between fat gain and muscle gain was

very high (0.85 + 0.16, Table 5.16), and generally higher than correlations between individual

ages of fat depth and eye muscle depth. When fat gain and muscle gain were adjusted for

weight gain (Model2),the genetic correlation decreased to 0.48, but had a standard error of

0.43.

The genetic correlation between weight gain and fat gain was 0.74 (+ 0.15) (Table 5.16)

which was significantly higher than estimates between live weight and fat depth at individual

ages. Adjusting fat gain for weight gain (Model 2) increased this estimate slightly (0.87 +

0.14). The genetic correlation between weight gain and muscle gain was also significantly

higher than correlations between live weight and eye muscle depth at individual ages.

However, when muscle gain was adjusted for weight (Model 2) gain, there was no change in

the correlation.
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Table 5.15 Genetic correlations (standard error) between adjusted fat depth and

adjusted eye muscle depth (Model2)

0.62
(0.12e)

0.61
(0.124)

0.62
(0.1 30)

0.68
(0.12 r)
0.46

(0. r 3l)
0.60

0.59

0.66
(0.087)

0.58
11

0.76
0.084

0.72
(0.oes)

0.72
(o.oe4)

0.69
(o.oe5)

0.58

0.49
(0. l 0s)

0.52
(0.124)

0.56
0.118

0.56
1l

0.s6
(0.l l l)
0.53

(0.1l5)
0.49

0.51
(0.100)

0.49
(0. r2s)
0.67

(0. r 05)

0.67

0.43
(0.1 l2)
0.38

(0. l 36)

0.51
(0. l2s)
0.63

(0.1 17)

0.60
714

0.66

0.54
(0. l 05)

0.37
(0.142)

0.73
(0.104)

0.69
(0.1 1s)

0.12
(0.101)

0.66
104

0.79 0.66
0.

l1
0.63

(0. l20)
0.46

(0.140)

0.55
(0.124)

0.50
(0. l2s)
0.34

0.52
l1

0.52
(0.1 l2)
0.59 0.65

1

I lt 0.1

I

I
0.78
0.0

FAT4

FAT5

FATT

FATS

FAT1O

FAT13

FAT16

EMD4 EMDs EMDT EMDS EMD1O EMD13 EMD16

FAT: Fat depth, EMD : Eye muscle depth, figures after the abbreviation are months of age, Model 2 includes

weight covariate

Table 5.16 Genetic (below diagonat) and phenotypic (above diagonal) correlations for
weight gain, fat gain and muscle gain

0.37
(0.02e)

0.45
(0.027)
0.19

(0.024)
0.87

(0.138)

0.89
(0.131)

0.48
(0.42s)

0.36
(0.022)

0.45
(0.020)

0.32
(0.023)

0.74
(0. l 53)

0.89
(0. l 33)

0.85
(0. I 60)

WG

FG

MG

WG FG MGWG FG MG
Model2Model I

WG: weight gain, FG : fat gain, MG: muscle gain, Model I : base model, Model 2 : base model + weight

gain adjustment
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5.4 DISCUSSION

5.4.1 Relationships within Growth and Live Carcase Traits

Heritabilities

As expected, the permanent maternal effect, which also includes the maternal genetic

heritability, in weight was very high at birth and decreased as the age of the lamb increased to

5 months of age. The permanent matemal effect was higher in this study than maternal

heritabilities in other reports at older ages for Merino (Mortimer and Atkins 1995, Yaez

Torshizi et al. 1995) (Figure 5.2). However, this is not unexpected as the permanent maternal

variance as a proportion of the phenotypic variance is greater in this study as it is not the

maternal component alone. Direct heritability also decreased with age. Figure 5.2 indicates

that from birth to 4 months of age environmental effects were large, and at 4 months of age,

the direct heritability was very low. This drop in the direct heritability may be due to early

post-weaning environmental effects. From 5 months of age, the direct heritability declined,

and the permanent maternal heritability was greatly reduced, but was relatively constant at

approximately 0.15. This suggests that the influences of temporary environmental effects

such as milk and other random non-genetic effects are reduced following weaning and the

remaining portion of the permanent matemal component as defined here would then be

maternal genetic effects. The higher heritability at 5 months of age may also reflect the

expression of genes for growth, and some compensation for the growth set back experienced

at weaning.

Birth weight heritabilities were higher in this study than estimates reported for Merinos by

Fogarty (1995) and were higher than the majority of estimates by Safari and Fogarty (2003).

However, they fitted within the range reported by Fogarty (1995) for dual purpose breeds and

were within the range reported by Clarke (2002). Birth weight heritabilities were similar to

those reported by Lewer et al. (7994) and Wuliji et al. (2001) for the Merino. Weaning

weight heritability estimates were within the range for Merinos and dual purpose sheep

reported by Fogarty (1995), were similar toYaez Torshizi et al. (1995) estimates, but were

larger than heritabilities reported by Cloete et al. (2001b), and were lower than those reported

by Greeff & Karlsson (1998) and Ponzoni & Fenton (2000). Post weaning estimates rwere

similar to dual purpose sheep estimates reported by Fogarty (1995), where there were no

heritability estimates reported for Merinos. Yearling weight heritability was the same as Vaez
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Torshizi et al. (1995), but lower than estimates reported by Clarke (2002). Live weight

heritabilities at 13 months and hogget age were lower than all others reported.

In general the trends for the direct genetic heritability and the permanent maternal effect were

as expected, ho'ù/ever, the direct heritability especially at older ages was lower than expected.

This may be explained by the structure of the data not allowing the model fitted to separate

the variance components accurately especially the permanent matemal effect. Safari (2005

unpublished) has found that the variance is not separated into its components appropriately if
the data structure is not sufficient or appropriate. Because there were only two years of data

available in this study there were insufficient numbers of dams with lambs in both years to

completely separate the maternal effects from the direct and residual.

The heritabilities of fat and eye muscle depth at 4 months of age (Figure 5.3) were very high.

While maternal effects were not significant for this data, in other flocks of sheep small

maternal effects have been reported as significant up to yearling age (Clarke et aL.2003). The

heritability of fat depth tended to increase with age irrespective of the model fitted, whereas

the heritability of unadjusted eye muscle depth tended to decrease slightly with age.

Adjusting fat depth for weight increased the hcritability slightly but did not have much effect,

whereas estimates after adjusting eye muscle depth for weight tended to be higher at older

ages than the unadjusted estimates (Figure 5.3). The similar trend for unadjusted and adjusted

fat depth is supported by the values summarised in Fogarty (1995).

Heritabilities for fat depth at hogget age have been reported by Davidson et al. (2002) at 0.28

and by Clarke et al. (2003) and Greeff et al. (2003) at 0.19, which are lower than the estimate

from this study (0.40 - 0.45, Table 5.8). Clarke et al. (2003) also reported a yearling

heritability of 0.19 which was also lower than the estimate from this study. However, there

are no other reported heritabilities for fat depth at other ages and the estimates from this study

fitwithin therangereportedbyFogarty (1995) fordualpurpose sheep. S imilarlyfor eye

muscle depth, heritabilities from this study were higher than those reported by Davidson et al.

(2002) (hogget 0.23), Clarke et al. (2003) (yearling 0.27,hogget0.26) and Greeff et al. (2003)

(hogget 0.24), but fit within the range and were similar to the weighted mean (0.31) reported

by Fogarty (1995). These differences in Merinos across Australia indicate that there may be

genotype by environment interactions influencing the Australian sheep flock that need to be

investigated. The heritabilities of gain traits were lower than heritabilities of the traits at

individual ages, especially for fat and eye muscle depth (Table 5.8). This indicates that
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selection for increased weight gain, fat deposition or muscle growth in Merinos would be

slower than selection for a direct increase in the relevant trait at a certain age.

Heritability estimates for live weight from the random regression analysis (Figure 5.4) were

considerably higher than estirnates fi'om the mixed models analysis at individual ages. The

random regression estimates were closer to those reported by Safari and Fogarty (2003) up to

12monthsof agehowever,theestimatesfrom I4-t6months of agewerestillslightlylower

than expected. The decreasing trend of heritability of live weight at older ages is in contrast

to other studies but seems to be real for these particular flocks of Merino sheep. In contrast

the heritabilities from random regression for fat and eye muscle depth follow a similar pattern

to the mixed model estimates. Estimates for eye muscle depth from random regression have a

greater range compared to the mixed model estimates but have a similar trajectory. The

inability to separate direct and maternal genetic effects and direct and maternal environmental

effects due to the lack of depth in the data seems to be affecting the estimates of live weight

considerably. Several studies have shown that the direct heritability is inflated when maternal

effects were not accounted for (Maniatis and Pollot 2002, Vaez Torshizi et al. 1996 and

Nasholm and Danell 1996). In this study the estimates are inflated when matemal effects

were lot included in the model but wcre overly reduced when some maternal component was

removed.

Correlations

Phenotypic correlations between live weights behaved as expected and were similar to those

reported in Chapter 3 (Table 3.11). The phenotypic correlations were also similar to estimates

reported by Ponzoni et al. (1995) and Yaez Torshizi et al. (1995) for birth and weaning

weight but were slightly higher for older ages. 'Weaning and yearling estimates were similar

to Greeff & Karlsson (1998), and estimates for yearling and hoggets were similar to Brash e/

al. (t997).

Genetic correlations between live weights were very low between birth weight and older ages

which were lower than Vaez Torshizi et at. (1995) or other reports, except between birth

weight and 16 months of age. The estimates in this study also do not agree with previously

published estimates between weaning weight and older ages of measurement. All published

genetic correlation estimates of weight at yearling and hogget age ate high and similar to the

estimates reported here. There are few estimates of post weaning correlations in the literature

but these estimates show a similar trend to older ages. Genetic correlations between weight
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gain and individual ages of live weight were generally moderate to high, with the exceptions

at birth and 16 months of age (Table 5.9). This indicates that when selecting for live weight

there is also a positive. response in weight gain, so that selection for weight at early ages may

increase the growth rate of the animal.

Correlation estimates between fat depth measurements from this study (Table 5.10) were

higher than estimates from dual-purpose sheep reported by McEwan (1991). These estimates

were similar to post weaning and yearling estimates for Coopworth sheep reported by Beatson

(1987), but were again higher than estimates with hogget age. Fogarty (1995) reports 0.6 as a

weighted avera1e of genetic correlations between fat depth measurement at different ages and

0.4 as a weighted aveÍage for phenotypic correlations. Genetic correlations estimated herein

were higher than the weighted average but phenotlpic correlations were similar. Fogarty

(1995) also reports little difference between weight adjusted and unadjusted models for

correlations of fat and eye muscle depth. No correlation estimates are reported in the

literature for Merinos for either fat or eye muscle depth measurement at different ages.

Genetic correlations between eye muscle depth measurements at different ages were

particularly high with a small range indicating that this trait is controlled by the same set of

genes from weaning to maturity. Genetic correlations between fat gain and individual ages of

fat depth were generally low (Table 5.10). These correlations indicate that selection for fat

depth will not increase the rate of gain of fat as quickly compared to weight gain. The genetic

correlations between muscle gain and individual ages of eye muscle depth were variable with

large standard errors (Table 5.11) indicating that this may not be a reliable trait option.

Fat and eye muscle depth decreased dramatically at 5 andT months of age (Figure 5.1), which

has implications for the accuracy of the measurements at those ages, especially for fat depth

(Fogarty et al. 2003). The lower heritabilities of both fat and eye muscle depth at 5 months of

age was due to lower genetic variance at 5 months of age as a proportion of the total variance

which indicates that there may be greater environmental influences and measurement

inaccuracy at this age. Figure 5.1 also shows that while fat and muscle dropped, live weight

did not. Therefore, the animals were still growing but may have been using fat and muscle

reserves to do so. Genetic correlations between 5 and 7 months of age were also reduced

compared to other ages, indicating again that there may be a greater environmental influence

between 5 and 7 months than at older ages. Between the ages of 7 to 10 months of age there

was a period of increased growth (Figure 5.1) in both fat and eye muscle dspth of lambs. This
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may be attributed to compensatory growth after the considerable drop in fat and eye muscle

between 5 and 7 months of age

5.4.2 Correlations between Growth and Live Carcase Traits

Genetic correlations with birth weight were very high and negative for both weight adjusted

fat and eye muscle depth (Table 5.13 and Table 5.14), and while an optimum birth weight

should be selected for, this study indicates that selection for increased birth weight will

decrease subcutaneous fat and reduce eye muscle depth. Therefore, increases in birth weight

may have been due to increased development (or size) in organs and or bone, hence

improvement to the optimum in lamb survival. However, genetic correlations between

unadjusted eye muscle depth and birth weight were low and close to zero (Appendix C, Table

C.15) indicating that there may be no detrimental effect of selection for increased birth

weight. Genetic correlations between fat depth and live weights \Ã/ere generally high and

negative (Table 5.13) which may explain in part why Merinos selected for higher live weights

are generally lean unless managed correctly.

The only other correlation estimates published between weight and ultrasounrl measured traits

for Merinos (Clarke et al. 2003) are similar, but are generally lower than estimates herein.

Estimates of genetic correlations at hogget age from Clarke et al. (2003) were; weight and fat

depth 0,12, weight and eye muscle depth -0.12, fat and eye muscle depth 0.61. The mainly

positive genetic correlations between eye muscle depth and live weight indicate that increases

in live weight may result in improvements in muscle depth. However, the correlations are

small and selection for growth and an increase in eye muscle depth rather than improving

overall carcase conformation may not be particularly beneficial in the Merino. Further work

on carcase traits in Merinos will show genetic relationships of carcase conformation and if
selection can be used to improve it. Genetic correlations between live weights and these

ultrasound measured traits also suggest that the C site may not be the best site for measuring

carcase composition in the Merino. The advantage of the C site is ease of measurement and is

a better option than no measurement at all. However, further carcase studies may elucidate

another option in the live animal that will give a better prediction of carcase composition.

There are contrasting reports of positive or negative genetic correlations between fat depth

and eye muscle depth in the literature. However, the majority of estimates reported for live

measures are positive. Safari and Fogarty (2003) only report one negative estimate between
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live measures of fat and eye rnuscle depth from Conington et al. (1995) at -0.21 , in Scottish

Blackface sheep. In contrast to that estimate, Roden et al. (2003) report a positive genetic

correlation for Scottish Blackface sheep of 0.25. Generally, genetic correlations reported

between carcase measures of fat depth and eye muscle depth are negative. The estimates also

vary in ¡ragnitude, with a range of positive values reported by Safari and Fogarty (2003) of

0.05 to 0.61, which are from a range of breeds including Poll Dorset, Welsh Mountain,

Suffolk and Merino sheep. The genetic correlations from this study generally fit within this

range (Table 5.15). Positive genetic correlations between fat depth and eye muscle depth

indicate that selection to increase one would also increase the other. However, Simm et al.

(2002) have shown that despite a positive correlation between fat and eye muscle depth,

Suffolk sheep have been successfully selected for decreased carcase fat weight and increased

carcase lean weight using ultrasound fat depth and eye muscle depth as selection criteria.
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5.5 CONCLUSION

Estimates from this data set were generally similar to previously published estimates'

Hov/ever, genetic correlations were slightly different. Heritabilities of live weights at

different ages ranged fi'om 0.18 to 0.34,fat depth 0.29 to 0.49 and eye muscle depth 0.32to

0.48. Genetic correlations between ages within each trait were generally high and above 0.7.

Genetic correlations between traits were generally encouraging for improvements in these

traits in Merinos.

Selection has been used to improve or increase live weight in Merinos for decades, but only in

recent years has there been a greater interest in other aspects of the carcase. The heritabilities

of fat and eye muscle depth estimated in this study indicate that these traits may be used in a

selection index to improve carcase attributes in Merinos as has already been practiced in meat

breeds of sheep. The correlations estimated indicate that if the traits are selected for at the

same or very similar age, improvement may be made in all three traits, but the timing of

selection will be important to ensure the desired outcome is achieved. How these

improvements are applied to the Merino depends on the target market requirements and how

significant the income from meat is for the producer. Market specifications tend to penalise

over fat lambs, therefore reductions in fat depth would be beneficial. However, the Merino is

already a lean animal compared to traditional meat breeds, so reducing fat would not be

desirable. Ultimately the decision to select for either increased or decreased fat depth would

depend on the market specifications and the producers breeding objective.

Using the results herein as a guide, recommendations for time of measurement of these traits

for use in a breeding program would be, for early selection, measure live weight at weaning

and fat and eye muscle depth between weaning and 4 months of age. However, the accuracy

of measurement of fat and eye muscle depth must be considered and when the animals are

very young the accuracy of measurement will be lower than at older ages due to size and

immaturity. Alternatively, or for a second stage of selection, 8 to 10 months of age is

recommended for all three traits.

Growth and Live Carcase Chapter 5 113



Chapter 6

Genetic Relationships Between Fleece, Growth And Live
Carcase Traits

6.1 INTRODUCTION

Merinos have traditionally been selected for wool. Recent trends in wool and lamb prices,

have increased the proportion of producer's income derived from lamb, and therefore a

greater emphasis has been placed on growth and carcase attributes (Clarke et al' 2002;

Davidson et at. 2002; Ingham and Ponzoni 2001; Safari et al. 2001). Parameter estimates are

widely available for fleece traits and weight traits at birth, weaning and older ages (Safari and

Fogarty 2003, Ponzoni and Fenton 2000). However, there are few genetic parameter

èstimates of weight traits between weaning and yearling ages, or carcase traits at any age, and

even fewer estimates between these traits and fleece traits for Merinos. It is important for the

further development and proper use of the Merino as a dual-purpose breed that the gaps in our

knowledge of the correlations between fleece, weight and carcase traits be filled.

In this chapter the phenotlpic and genetic correlations between fleece traits and growth traits

as described in previous chapters are reported. Heritabilities and correlations between fleece

traits are also presented. The data set from Chapter 5, the Selection Demonstration Flocks

data, has been used in this chapter to estimate correlations between growth traits; live weight,

scanned fat and eye muscle depth, and fleece traits.

l{
î

r

I
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6.2 MATERIALS AND METHODS

The data used were from the Selection Demonstration Flocks and are described in detail in

Chapter 2.1.3. The number of records available, mean, standard deviation and range for each

of the traits is presented in Table 6.1. Live weight was measured at birth and wcaning, then

live weight, fat depth and eye muscle depth were measured at approximately 6 weekly

intervals until l0 months of age. Fat and eye muscle depth were measured by ultrasound at

the C site. Fleece traits were measured at 16 months of age with 12 months of wool growth.

Table 6.1 Number of records available (n), mean, standard deviation (s.d.),

coefficient of variation (CV) and range for live weights, live carcase and fleece traits

FJr{;

:!

t
ì

; Figures after the abbreviation are months
Standardised Fat and Muscle gain (7 - l6

of age, Standardised V/eight

^o.rtht¡ 
units : months-r

Clean fleece weight (kg)
Fibre diameter (pm)
Staple length (mm)

Staple strenqth (N/ktex)

t644
t654
1650
1650

0.9
1.7

9.4
11.1

CFWI6
FDl6
SLl6
SS16

4.8
20.0
89.1

33.0

0.19
0.09
0.1I
0.34

2.2 -7.7
15.4 -26.7

56.7 - t24.7
4.6 - 78.7

Eye muscle depth
(mm)

EMD4
EMD5
EMDT
EMDS
EMD1O
EMD13
EMD16

Muscle Gain

1769
1657
t69l
t674
1669
1670
r666
1666

19.8
18.9
t7.t
20.4
23.2
24.1
26.4

0.0004

3.08
2.3s
2.91
2.91
2.s8
2.42
2.25
0.10

0.16
0.12
0.t7
0.14
0.11

0.r0
0.09
250

7.0 -29.0
10.0 - 28.0
8.0 - 2s.0
8.0 -29.0
13.0 -32.0
16.0 -37.0
n .0 - 33.0
-0.36 - 0.40

Fat depth
(mm)

FAT4
FAT5
FATT
FATS
FAT1O
FATl3
FAT16

Fat Gain

1769
1657
1691
t674
r669
1670
7666
t666

1.8

1.4
7.2

1.5

2.3
2.6
3.1

0.001

0.59
0.48
0.48
0.52
0.56
0.70
0.86
0.15

0.33
0.34
0.40
0.35
0.24
0.27
0.28
150

0.5 - 4.5
0.5 - 3.5
0.5 - 3.s
0.5 - 4.0
1.0 - 4.0
1.0 - 5.0
1.0 - 5.5

-0.57 - 0.40

Birth weight (kg)
\ileaning weight (kg)

Live weight
(ke)

w Gain

B\il
ww
wT4
wT5
wT7
wT8
wTl0
wTl3
wTl6

t790
1789
1774
t76t
t703
t678
1669
1670
1666
t666

5.0
26.9
29.8
31.8
31.8
35.6
4t.9
47.8
58.9

0.002

0.91
5.98
6.33
6.23
6.02
6.s6
7.19
8.79
9.03
0.09

0.18
0.22
0.21

0.20
0.19
0.18
0.17
0.18
0.15
45

1.8 - 8.4
9.0 - 44.2
9.6 - 48.4
13.0 - 50.5
13.9 - 54.5

14.3 - 58.0
20.s - 67.5
24.8 -74.5
31.6 - 88.5
-0.30 -0.32

Trait Abbreviation n Mean s.d. CV Range
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Statistical Analysis

Data were analysed using linear mixed model methodology in ASReml (Gilmotr et al.2002).

An animal term was fitted allowing optimal analysis of a finite, selected population. All two-

way interactions between fixed effects were tested. Where the interactions were non-

significant (P>0.05) they were not inoluded in the final models'

The final base model can be written as:

y=Xr +Zra+Zrc+e
where

.-Nþ,ot)

y - N(x", oSzrÃz', + olz rz', * o\,)

and

where X"' is a design matrix which assigns the effects to animals, :'r*' is the vector of

fixed effect means, ZT"o is the design matrix for the animal effects, A is the numerator

relationship matrix, Zl'q rs the design matrix for the dam common environmental effects.

The vectors a and c represent the animal and dam common environmental effects

respectively. el'n is the vector of random erors. oj is the variance due to the animal

effect, o! i, the variance due to the dam common environmental effect and ø2 is the

residual variance p arameter.

This model can also be symbolically written as

y - mean + year (2000, 2001) + flock (1-5) + type of bifth and rearing (tt,2t,
22) + linear(age of dam) + animal + dam

Terms fitted as random effects in the model are underlined, all other terms are fitted as fixed

effects. The dam common environmental component includes both the non-genetic effect of

il
\il
1t,

I

t

t
I

;
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the dam and the direct genetic effect of the dam, or the genetic maternal effect. This will be

referred to as the permanent maternal effect. This formed the base model for all analyses.

Each variate was tested and the model was modified where necessary. Changes to the base

model for each variate are shown inTable 6.2.

The calculation of gain traits is described in detail in Chapter 5. Heritabilities reported were

from univariate analyses. Correlations between different ages of the traits and between

different traits were from multivariate analyses. Heritabilities and correlations will be

referred to as very low to very high according to the classification in Table 2.5.

Table 6.2 Final models fitted to all traits

Base model without dam + significant
interactionsStaple strength

Base model without dam + significant
interactions

Staple length

Base model without dam + significant
interactionsFibre diameter

Base model without dam + significant
interactionsClean fleece weight

Model2
Base model without dam + significant
interactions + linear(weight) +
weight:sex

Eye muscle depth

Model 1Base model without dam t significant
interactions

Model2
Base model without dam + significant
interactions -r linear(weight) +
weight:sex

Fat depth

Model 1Base model without dam + significant
interactions

Base model + significant interactionsLive weight

Defined asModel fittedVariate

i
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6.3 RESULTS

6.3.1 Fixed Effects

The significance of fixed effects for fleece traits are presented in Table 6.3. Least squares

means are presented in Tables D.l - D.4 (Appendix D). The main effect of year was

significant for clean fleece weight and fibre diameter but was not significant for staple length

or strength. The year 2000 produced a heavier clean fleece and in 2001 the fleece was finer.

Between flock effects were significant for all traits. The Measured Performance Records

flock and Elite Wool flock produced heavier fleeces than the Control and Professional Classer

Assessment flocks but were not different from the Fibre Meat Plus flock. Similarly, the

Measured Performance Records and Fibre Meat Plus flocks produced the finest fleeces but

were not different from the Elite Wool flock, and the control had a significantly higher fibre

diameter than any other flock. The Professional Classer Assessment flock had the lowest

staple length and the Measured Performance Records flock had the lowest staple strength.

The main effect of sex was only significant for clean fleece weight where males had a l0 o/o

heavier fleece weight than females.

Tlpe of birth and rearing was significant for clean fleece weight and fibre diameter. Single

born lambs had a heavier fleece than multiple bom lambs (4 %) and multiple raised lambs had

a greater fibre diameter than single raised lambs (2 %)'

Year x sex interaction was significant for all traits (TableD.2, Appendix D). For clean fleece

weight this was due to a grealer difference between males and females in 2000 (14 %) than in

2001 (4 o/r) and a greater difference between males (16 %) in each year than females (6 %).

For fibre diameter the interaction was due to a smaller difference between females in each

year (3 o/o) than males (7 %). Females in 2000 had a significantly longer staple length than

males and females in 2001, and for staple strength the interaction was due to a significantly

greater difference between females in each year (17 Yo) compared to that of the males (I %)'

Flock x sex interaction was significant for clean fleece weight and was due to a smaller

difference b etween m ales a nd females i n t he P rofessional C lasser A ssessment f lock (4 %)

than in the other flocks (10 to 14%) (Table D.3, Appendix D).
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The three way interaction of year x flock x sex was significant for clean fleece weight (Table

D.4, Appendix D). There were no differences between the sexes in 2001, and there were no

differences between the years for females in the Measured Performance Recording and Fibre

Meat Plus flocks. The males in the Elite Wool flock and the Control had heavier fleeces than

males in the PCA in the year 2000. Males in 2001 frortt the MPR and DWF flocks had

heavier fleeces than males in the Control. Females in the PCA and EWF had heavier fleeces

than females in the FM+ in the year 2000. Females in the MPR in 2001 had heavier fleeces

than females in the Control and FM+ flocks.

Table 6.3 Analysis of variance F values for fleece traits at 16 months of age

I
4
I
2

I
I
1

I

t44
79.1

1 598
1592
t495
294

161 I
1 595

4.13 *d<

0.34
1.10
2.28
32.8
5.14

NS

NS

NS
**{.

{<

Year
Flock
Sex
Tobr
Aod
Age

Year:Sex
Sex:Aod

SS

1

4
1

2

I
I
I

326
146

1526
r602
t453
673

1 555

1.58 NS

2.57

0.52
38.3
I 1.8

NS

NS

*t<*
l<**

Year
Flock
Sex
Tobr
Aod
Age

Year:Sex

SL

1

4
I
2

1

I
1

483
183

r484
1610
1433
908
1525

37.9 ***

7.50
0.25
7.31

29.1

** r<

NS
**

**l<

Year
Flock
Sex
Tobr
Aod
Age

Year:Sex

FD

1

4
I
2

I
I
1

4
4
4
4

356
158

I 509
1582
1438
672
I 538
1 506
299
1449
1 535

t7.l
29.5
13.4
43.9
7.20
3.52
5.06
2.69

*t<{<

**à.
l<**

*t*
***
**

*:1.*

*

Year
Flock
Sex
Tobr
Aod
Age

Year:Sex
Flock:Sex
Year:Flock
Flock:Aod

Year:Flock:Sex

CF\il

Num DF Den DF F value F SigFixed Effect

CFW Clean fleece weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength, Tobr type of birlh

and rearing, Aod: age of dam, Num
P<0.05, ns : not significant

numerator, Den: denominator, *** : P<0.001, **
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6.3.2 Variances and Genetic Parameters between Fleece Traits

The genetic and phenotypic variances of clean fleece weight for the Selection Demonstration

Flocks data (Table 6.4) were higher than the variances estimated separately for rams and ewes

in the Turretfield Resource Flocks (Chapter 4, Table 4.5). For fibre diameter, the variances

were more similar to the ewe estimates in the previous chapter and were lower than the ram

estimates (Table 4.5). Variances of staple length, in this data set were intermediate between

the ram and ewe estimates from the Turretfield Resource Flocks (Table 4.6). For staple

strength, the genetic variance was similar to the previous ewe estimate and lower than the ram

estimate, but the phenotypic variance was similar to the Turretfield Resource Flock rams

estimate and higher than the ewes estimate (Table 4.6).

Heritabilities from the Selection Demonstration Flocks (Table 6.5) were slightly higher with

higher standard effors than those estimated from the Turretfield Resource Flocks (Chapter 4,

Tables 4.7 and 4.8) except for staple strength. Phenotypic correlations ranged from very low

and negative (-0.12 + 0.03) to low and positive (0.30 + 0.03). All genetic correlations were

similar to Turretfield Resource Flock estimates (Table 4.7 and 4.8) except between clean

fleece weight and staple strength (-0.28 versus -0.03 for ewes and 032 for rams). Genetic

correlations had higher standard effors for this data set than the Turretfield Resource Flocks

data set.

Table 6.4 Genetic and phenotypic variances of fleece traits

0.251
1.47
44.7
20.8

0.451
2.17
84.3
rt4.l

CF\ry
FD
SL
SS

Genetic
variance

Phenotypic
variance

CFW : Clean fleece weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength

Table 6.5 Heritabilities (on diagonal), phenotypic (above diagonal) and genetic

(below diagonat) correlations (standard error) between fleece traits at 16 months of
age

0.55
(0.076)

-0.06
(0.113)

0.33
(0. l 07)

-0.28
(0.1 s7)

0.15
(0.02e)

0.68
(0.080)

0.37
(0. l 03)

0.58
(0.125)

0.29
(0.026)

0.27
(0.021)

0.53
(0.07e)

0.02
(0. l 66)

0.00
(0.021)

0.30
(0.02s)

-0.t2
(0.026)

0.20
(0.0s6)

CF\ü

FD

SL

SS

CF\ü FD SL SS

CFW - Clean fleece weight, FD : Fibre diameter, SL : Staple length, SS : Staple strength
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6.3.3 Correlations between Fleece, Growth and Live Carcase Traits

Phenotypic coruelations

Phenotypic correlations b etween live weights and clean fleece w eight ranged from 0'27 (+

0.03) to 0.43 (+ 0.02) and increased slightly as age increased (Table D.7, Appendix D).

Correlations with fibre diameter were lower and ranged from -0.07 (+ 0.03) to 0.23 (+ 0.03)

as were correlations with staple length (range 0.01 + 0.03 to 0.26 + 0.03) and correlations

with staple strength were lower again and ranged from -0.02 (+ 0.03) to 0.17 (+ 0.03).

Generally correlationslvere lower at birth and increased as age increased.

Phenotypic correlations between weight adjusted fat depth and clean fleece weight were very

low and negative (-0.07 to -0.15) whereas correlations between fat depth and the other fleece

traits were very low but positive (Table D.7, Appendix D). Correlations with fibre diameter

had the greatest range (0.05 to 0.17) and correlations between fat depth and staple length and

strength ranged from -0.02 (+ 0.03) to 0.13 (+ 0.03). Phenotypic correlations between

unadjusted fat depth and fleece traits were slightly higher than correlations with adjusted fat

depth especially for clean fleece weight (Table D'5, Appendix D).

Phenotypic correlations between weight adjusted eye muscle depth and clean fleece weight

were very low, close to zero and negative (-0.02 to -0.06) (Table D.7, Appendix D).

Correlations with the other traits were all very low and positive. Correlations with fibre

diameter increased from 0.05 (+ 0.03) at birth to 0.18 (+ 0.03) at 7 months of age.

Correlations with staple length and strength ranged from 0.01 (+ 0.03) to 0.13 (+ 0.03).

Phenotypic correlations between unadjusted eye muscle depth and fleece traits were higher

thancorrelationswithadjustedeyemuscledepthespeciallyforcleanfleeceweight(Table

D.5, Appendix D).

Phenotypic correlations between weight gain and fleece traits were very low (Table 6.6)' The

correlation between weight gain and clean fleece weight (0.09 + 0.03) was much lower than

correlations between individual ages. Phenotypic correlations between the other fleece traits

and weight gain were similar to estimates between fleece traits and weight at eatly stages of

life (i.e. birth, weaning and 4 months of age). Phenotypic correlations between fat gain and

fleece traits did not change significantly when fat gain was adjusted for weight gain (Model I

vs Model 2) and were very low and negative (Table 6.6). The phenotypic correlations

between fat gain and clean fleece weight (Model 1 -0.04 + 0.03, Model 2 -0.06 + 0.03) were
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similar to correlations between fat depth at individual ages and clean fleece weight.

Phenotypic correlations between the other fleece traits and fat gain were very low and

negative in contrast to the low and positive correlations between individual ages of fat depth

and fleece traits. As for fat gain, phenotypic c orrelations between muscle g ain and fleece

traits fro¡r the two models fittcd wcrc not different (Table 6.6). Phenotypic correlations

between muscle gain and clean fleece weight were positive, whereas correlations between

individual ages of eye muscle depth with clean fleece weight were negative. Phenotlpic

correlations between the other fleece traits and muscle gain were similar to phenotypic

correlations between the respective fleece traits and eye muscle depth at 4 to 5 months of age.

Table 6.6
traits

Phenotypic correlations (standard error) between fleece traits and gain

0.07
(0.027)
0.02

(0.027)
0.00

(0.026)

0.00
(0.026)

0.09
(0.046)

0.06
(o.04s)

-0.01
(0.034)

-0.01
(0.02e)

-0.04
(0.027)
-0.09
(0.021)
-0.09
(0.026)

-0.07
(0.026)

-0.06
(0.033)

-0.10
(0.032)

-0.11
(0.032)

-0.08
(0.033)

0.09
(0.027)

0.03
(0.027)
-0.01
(0.021)

0.00
(0.026)

CFW

FD

SL

SS

Muscle Gain
Model l Model2

Fat Gain
Model I Model2

Weight
Gain

CFW : Clean fleece weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength, Model I base

model, Model 2 includes weight covariate
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Genetic correlations

Genetic correlations between live weight and clean fleece weight ranged from -0.28 (+ 0.22)

To 0.24 (+ 0.17) with high standard effors (Table 6.7). Genetic correlations at birth, weaning

and 16 months of age were positive, but all others were negative and were lowest at 7 months

of age. Correlations with fibre diameter were low and ncgativc, ranging from -0.36 (+ 0.22)

to 0.00 (L 0.22) with the lowest point at 4 months and zero at 8 months of age. Correlations

with staple length were very low to moderate ranging from -0.04 (+ 0.24) to 0.44 (+ 0.18) and

tended to increase as age increased up to 8 months of age. Correlations with staple strength

ranged from very low to moderate. The lowest correlation was at 16 months of age (-0.03 +

0.28) and the highest was at 4 months of age (0.44 + 0.26).

Genetic correlations between weight adjusted fat depth and clean fleece weight were low to

moderate and negative, ranging from -0.48 (+ 0.12) to -0.22 (+ 0.12) (Table 6'7).

Correlations with fibre diameter were positive (except one estimate) and ranged from 0.12 (+

0.11) to 0.43 (+ 0.13). Correlations with staple length ranged from -0.10 (+ 0.15) to 0.24 (+

0.14) and correlations with staple strength ranged from -0.10 (+ 0.16) to 0.32 (+ 0.17).

Generally correlations increased in magnitude to 7 or 8 months of age and then, except for

corrclations with clean fleece weight, decreased slightly. S tandard effors \Mere lowerthan

those for correlations between live weight and fleece traits. Genetic corelations between

unadjusted fat depth and fleece traits were slightly lower in magnitude with higher standard

errors for clean fleece weight, but were the same for the other fleece traits (Table D.6,

Appendix D).

Genetic correlations between weight adjusted eye muscle depth and clean fleece weight were

low and negative, ranging from -0.39 (+ 0.12) to -0.26 (+ 0.12) (Table 6.7). Correlations with

fibre diameter were very low, except at 7 months of age, and ranged from -0.01 (t 0.14) to

0.33 (+ 0.11). Correlations with staple length \Mere very low and positive, ranging from 0.00

(+ 0.14) to 0.20 (+ 0.13). Correlations with staple strength ranged from -0.11 (+ 0.19) to 0.22

(+ 0.16). T here \¡/as no trend with age, correlations were relatively constant and standard

erïors were lower than those for correlations between live weight and fleece traits, Genetic

correlations between unadjusted eye muscle depth and fleece traits were slightly lower in

magnitude for clean fleece weight and fibre diameter with higher standard etrors, but were

slightly higher for staple length and strength with higher standard effors (Table D.6,

Appendix D).
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Genetic correlations between weight gain and fleece traits ranged from high and positive

(0.61 + 0.18) to low and negative (-0.31 +.0.22, Table 6.8). These genetic correlations were

in contrast to genetic correlations between individual ages of weight and fleece traits, except

the correlation with fibre diameter. Genetic correlations between fat gain and the fleece traits,

clean fleece weight and staple length, charrged from positive to negative when fat gain was

adjusted for weight gain (Model 2). Standard errors of the genetic correlations between fleece

traits and fat gain were lower when Model 2 was fitted. All genetic correlations between fat

gain adjusted for weight gain and fleece traits were negative, and ranged from -0.31 and -0.21.

Using estimates from Model 2, genetic correlations were similar to correlations between

individual ages of measurement of fat depth and clean fleece weight, but were different for all

the other fleece traits. Genetic correlations between muscle gain and fleece traits ranged from

low and negative (-0.2I + 0.24) to low and positive (0.27 + 0.25, Table 6.8). The correlations

between muscle gain and clean fleece weight and fibre diameter swapped sign, from positive

to negative and negative to positive, respectively, when comparing Model I to Model 2

(weight gain adjusted). Comparing the correlations of muscle gain from Model 2, with

individual ages of measurement of eye muscle depth and fleece traits, correlations of muscle

gain were similar between fibre diameter, of the same sign but lower in magnitude between

clezur fleece weight, and of the reverse sign (negativc) and closer to zero between staple

length and staple strength.
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Table 6.7 Genetic correlations (standard error) between fleece traits (16 months of
age) and weight adjusted growth traits at different ages (Model2)

CFW: Clean fleece weight, FD: Fibre diameter, SL: Staple length, SS : Staple strength, WT: Live weight,

FAT: Fat depth, EMD : Eye muscle depth, Ages are in months

Table 6.8 Genetic correlations (standard error) between fleece traits and gain traits

0.27
(0.2s2)

-0.21
(0.240)
0.06

(0.24e)

-0.11
(0.300)

-0.03
(0.1 82)

0.20
(0.1e6)

-0.02
(0.14e)

-0.06
(0.1 s0)
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(0.203)

-0.20
(0. r 73)

0.15
(o.1es)

-0.32
(0.218)

-0.23
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-0.31
(0.0e8)

-0.28
(0.083)

-0.21
(0.0e4)

0.61
(0.171)
-0.12

(0.177)
-0.12

(0. r 84)

-0.31
(0.223)

CFW

FD

SL

SS

Muscle Gain
Model 1 Model2

Fat Gain
Model I Model2

\üeight
Gain

CFW : Clean fleece weight, FD : Fibre diameter, SL: Staple length, SS : Staple strength, Model I base

model, Model 2 includes weight covariate
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6.4 DISCUSSION

6.4.1 Fleece Traits

The heritability of and correlations between fleece traits in Australia and overseas have been

well documented (Fogarty 1995, Clarke 2002, Safari and Fogarty 2003). The heritabilities

and correlations from this study are similar to those previously reported (Table 6.5). The high

genetic correlations between ram and ewe traits estimated in Chapter 4 (Table 4.9) indicates

that, as expected, the same genes are controlling fleece traits in both sexes as well as at all

ages. Thus, combining ram and ewe data where the measurements are the same, as was done

in this chapter, is appropriate. Heritabilities estimated from the Selection Demonstration

Flocks data (Table 6.5) were slightly higher than from the Turretfield Resource Flocks except

for staple strength which was lower. This demonstrates that genetic parameter estimates

within the Merino are generally robust for fleece traits. Correlation estimates in the two data

sets were similar, except between clean fleece weight and fibre diameter. In the Turretfield

Resource Flocks these correlations were undesirablypositive (0.32 and 0.14, Table 4.7 and

4.8), but in the Selection Demonstration Flocks the correlation was slightly negative (-0.06,

Table 6.5). These differences probably reflect the intense selection within the Selection

Demonstration Flocks for increased fleece weight and decreased fibre diameter, although

there were significant standard errors with all the estimates and it would be expected that the

REML estimates would have accounted for the effect of selection.

6.4.2 Relationships between Fleece, Growth and Live Carcase Traits

Genetic correlations between live weight traits and clean fleece weight were low and

negative, except for correlations with birth and weaning weight (Table 6.7). Genetic

correlations were lower than the range reported by Safari and Fogarty (2003) of -0.09 to 0.58'

Other correlations between weight traits and fleece traits fit within the ranges reported by

Safari and Fogarty (2003), although there is considerable variation in estimates reported.

Clarke (2002) reported a lack of estimates between early ages of live weight and fleece traits

in Australian Merino sheep. The only reported estimates between 3 months of age (weaning

weight) and fleece traits from Australian Merinos were published by Lewer et al. (1994) and

Greeff and Karlsson (1998), both of which were on Western Australian Merinos. Genetic

correlations in this study were lower for clean fleece weight, although were not different with

consideration of the standard error, higher for staple length, of the reverse sign and slightly
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higher for staple strength and more similar for fibre diameter (although reverse sign) than

those reported by Lewer et al. (1994) and Greeff and Karlsson (1998).

There are few estimates for Merinos between fleece and carcase traits. Due to the increased

importance of income from meat Merino brecdcrs and producers are now more interested in

therelationshipsbetweenthesetraits(Safari et aL.2001). ConsideringMerinoscontribute

over half the genes of all slaughter lambs in Australia (Fogarty et al. 2003) it is remarkable

that the crossbred lamb industry has not placed greater pressure on Merino breeders to

improve carcase qualities other than weight in the Merino prior to now. Following the

Australian lamb industry investing in research and development through levies introduced in

1985, genetic improvement has been shown to improve the profitability of sheep enterprises.

This has been a contributing factor to the increased interest lamb and wool producers have

placed on genetic improvement and the desire to know about relationships between different

trait groups (Banks 2003).

Genetic correlations between clean fleece weight and fat depth were similar to other recent

Australian Merino estimates (Table 6.7). Lee et al. (2002) studied live measurement of fat

depth at the C site in the CSIRO Merino bloodlines and Greeff et al. (2003) studied carcase

fat at the C site using the Katanning Merino resource flocks. Correlations with fibre diameter

from this study were generally higher than the estimate of 0.04 (+ 0.24) reported by Greeff et

at. (2003) and were lower with lower standard errors than the 1.l4 (+ 0.50) reported by Lee et

at. (2002). Correlations with staple strength were similar to the 0.2I (+ 0.21) reported by

Greeff et al. (2003). Fogarty et al. (2003) measured fat depth at the C site in the carcase of

animals from the QPLU$ Merino selection lines. Correlations between this study and those

reported by Fogarty et al. (2003) were similar for clean fleece weight but were higher with

fibre diameter. This higher estimate for carcase measured fat depth may be due to, or

indicative of, the accuracy of measurement which is a significant issue for live measurement

of fat depth in Merinos due to their natural leanness. There were no published estimates

between fat depth and staple length. It should also be noted that for all of the published

parameters quoted and the parameters from this study there were very high standard errors

reported. This suggests that larger data sets are required to obtain moro accurate estimates fo

the genetic correlations between growth and fleece traits.

Genetic correlations between clean fleece weight and eye muscle depth from this study were

all negative (Table 6.7), whereas previously reported correlations have all been positive for
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either live animal measurement or carcase measurement (Fogarty et a|.2003, Gteeff et al.

2003). Correlations with fibre diameter were however, similar to those from Fogarty et al.

(2003) and Greeff et al. (2003), which were 0.05 (+ 0.18, carcase measurement) and 0.10 (+

0.25, live measurement), respectively. As for fat depth, correlations between eye muscle

depth ancl staple strength were sirnilar to the correlation of 0. 1 9 (!. 0.24) rcportcd by Greeff er

at. (2003) and there '\¡/ere no previously published'correlations with staple length.

Historically, Merino breeding programs have focussed on improving fleece traits, with clean

fleece weight and fibre diameter the main traits used for selection. Fogarty et al. (2000) have

shown that Merinos are leaner than meat breed crosses and the correlations estimated in this

study indicate a possible explanation for this. After so many years of selection for greater

clean fleece weight and lower fibre diameter, it is probable that the correlated response from

the negative genetic correlations with fat depth (and positive with eye muscle depth), has

contributed to the Merino's lean and slightly less muscled carcase compared to breeds

selected for dual-purpose use or meat production. However, within the Merino breed there is

still much genetic variation for growth and carcase related traits (Fogarty et al. 2000, Greeff et

at. 2003) and the vast majority of genetic correlations previously reported, as well as the

correlations from this study, were low. This means that, like reproduction traits, growth and

carcase traits can be improved in the Merino using the appropriate selection methods without

causing a significant loss in wool quantity or quality (Fogarty et al. 2003, Greeff et al. 2003).
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6.5 CONCLUSION

This study suggests that there are favourable genetic relationships between growth and live

carcase traits and fleece traits. The results from this study are some of the first estimates of

the genetic lelationship that exists between fleece traits and weight and fleece traits and live

carcase traits in the Merino. However, those that have been published were in agreement with

the parameters estimated here, except for correlations between eye muscle depth and clean

fleece weight which were in complete contrast (negative) with high standard enors. Genetic

correlations were low but were favourable for genetic improvement of growth traits in

Merinos without significant loss in fleece quantity or quality. Accuracy of measurement of

ultrasound fat depth needs to be considered, especially in lean Merinos. However, as

discussed in the previous chapter, early measurement of fat and eye muscle depth (weaning to

4 months of age) appears to give a good indication of older growth and have moderate to high

correlations with fleece traits. The use of two stage selection would be beneficial for

optimum improvement of these traits. A second stage of measurement at7 to 8 months of age

is supported by moderate to high correlations with fleece traits'

The parameters currently used by genetic evaluation services fit within the range of estimates

from this study, but may require some updating as more information becomes available and as

Merino breeders place greater emphasis on growth and carcase traits. Ongoing research is

required to get more and better information on the relationships between meat and wool traits.

This is currently being undertaken through support from the Sheep CRC and MLA for the

recording of carcase information within the Katanning Demonstration Flocks in'WA, the SDF

in SA and the Trangie QPLU$ flocks in NSW, and live scanning measurements in the Merino

Validation Project. The similarity between some estimates reported for meat breeds of sheep

and these estimates in Merinos indicates that existing indexes may be able to be used without

much alteration for growth or carcase improvement in Merinos. The main alteration

suggested would be to the significance placed on reducing fatness depending on the tatget

market, as Merinos are generally already lean.
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Chapter 7

General Discussion

The Merino is used as a dual-purpose sheep, and the Merino's contribution to the sheep meat

produced in Australia is considerable. The current trend within the Australian sheep flock is

for greater meat production due to the current price received for meat relative to wool

(ABARE 2002). However, in the past the Merino has been primarily used for wool

production and has had little emphasis placed on its carcase. The aim of this study was to

determine if there are genetic relationships between traits important to the dual-purpose use of

Merino sheep. To do this, genetic parameters for reproduction, growth, live carcase and

fleece traits were estimated. These parameters showed that genetic relationships do exist and

'were, with few exceptions, favourable for simultaneous improvement of all traits.

Correlations among female reproduction traits were all high to very high (Table 7.1). This

indicates that the component traits are good indicators of the composite trait number of lambs

weaned, and that there is some underlying effect common to all reproductive traits. One

possibility is the hormonal control of each trait. It has been argued that much of the variation

in litter size is due to ovulation rate (Hanrahan 1980,1982; Davis et al. 1998) and it is no

surprise that the hormonal control of ovulation rate and fertility are related. However, the link

between rearing ability and the other reproductive traits is not so obvious. Rearing ability

itself is a complex trait, so it is possible that hormonal control of such contributors to rearing

ability such as milk production may be linked.

Genetic correlations between different ages of measurement of fat and eye muscle depth were

all high to very high (Tables 5.10 and 5.11) and generally did notchange ov€râge: This

indicates that fat and eye muscle depth are controlled by the same genes at all ages up to 16

months so these measures can be considered as genetically the same trait. Genetic

correlations between different ages of weight measurement indicated that only after puberty

(or about 5 months of age) could weight be considered the same trait (Table 5.9). Genetic

correlations between these three traits at the same ages (i.e. WT4, FAT4 and EMD4)

indicated that the genetic relationship between weight and eye muscle depth was higher than

between weightand fatdepth, although the relationship between fat and eye muscle depth

was moderate to high. However, the accuracy of correlations with fat especially at younger
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ages may have been reduced due to the leanness of the animals reducing the variation at

younger ages. To determine the true relationship with fat depth in Merinos, further study with

animals fed high energy rations should be considered. If fat and eye muscle depth are

considered components of weight, the genetic correlations indicate that eye muscle depth

explains a greater proportion of the variation in weight at young agcs than older ages, and a

greater proportion than fat which explains a constantly low proportion of weight variation at

all ages. However the genetic correlations between fat and eye muscle depth did not change

with age. V ery high genetic c orrelations among w eight, fat and muscle gains (Table 7.1)

indicate that weight gain was genetically the same as fat and muscle gain. However, the

correlation between fat and muscle gain (0.48) does not indicate that these are the same trait'

This is reasonable if fat and muscle gain are considered as components of weight gain as both

are contributing to weight gain, but are not necessarily contributing to each other and may

actually be operating at different stages of development. However, the correlation between

fat and muscle gain was moderate and positive indicating that increases in one will increase

the other.
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Table 7.1 A summary of heritabilities (on diagonal), phenotypic (above diagonal) and genetic (below diagonal) correlations between

reproduction traits, weights, weight adjusted growth traits and fleece traits
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Clean fleece weight and live weight (at 4 months of age), fat and eye muscle depth were

negatively correlated, but fleece weight and live weight gain were positively correlated (Table

7.1). ILwould be expected that protein directed to wool production would not be available for

growth, but as described by Adams and Cronje (2003), the metabolic relationships are not

simple. Adams et ul. (2000) reported different protein syrthesis rates in skin were associated

with similar differences in muscle protein synthesis and therefore whole body protein

synthesis rate. However, most of the additional protein is degraded, and increased protein

degradation rate may result in decreased muscle deposition (Oddy et al. 1995). Reduction in

fat depth may also be due to a reduction in the energy available because of the change in

protein synthesis and degradation (Harris et al. 1992 cited by Adams and Cronje 2003).

These metabolic responses to increased fleece weight are also related to changes in fibre

diameter (Adams and Cronje 2003). Many studies have reported positive genetic correlations

between fibre diameter and live weight although these correlations are generally very low. In

this study genetic correlations were negative oÍ zero for all ages (Table 6.7). Genetic

correlations between fibre diameter and eye muscle depth were all very low indicating very

little gene interaction between these traits. Genetic correlations with fat depth were positive

and low to moderate but were quite variable. The correlated response of growth traits when

selecting for either clean fleece weight or fibre diameter were low except for the response of

weight when selecting for lower fibre diameter. However, the correlated response of live

weight, fat or muscle gain were zero when selecting for either clean fleece weight or fibre

diameter. Adams and Cronje (2003) concluded that there was little effect of fleece weight or

diameter on liveweight andgrowth, the values estimated in this studyadd support to this

conclusion.

Genetic correlations between clean fleece weight and reproduction traits were low or very low

(Table 7.1). The genetic correlations with scrotal circumference indicate that selection for

scrotal circumference to improve reproductive rates may have a small increase in both fleece

weight and hbre diameter. This is supported by the correlated response of scrotal

circumference when selecting for either fleece weight or reduced fibre diameter shown in

Table 7.2. All genetic correlations between fibre diameter and reproduction traits were

positive which is undesirable (Table 7.1). However, the correlations were low and the

correlated responses for female reproductive traits when selecting for clean fleece weight or

fibre diameter were very low (Table 7.2). It has been reported that Merinos with fine wool

have reduced reproductive ability (Mortimer et al. 1985). Adams and Cronje (2003)

suggested that the hormone prolactin may contribute to this reduction in reproduction due to
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I

its role in both maternal behaviour and the wool follicle cycle, although this has not been

studied in Merino sheep. There is an obvious lack of information on the biological

relationships between fleece and reproduction traits which considering the complexity of both

trait types is not surprising.

Table7.2 Correlated responses per generation in Trait 2 from selection for Trait 1'

clean fleece weight (CFW) or reduced fibre diameter (FD) and parameters used

0.01
-0.01
0.00

0.00
0.01
0.00

0.61
-0.23
-0.03

-0.12
-0.31
0.20

0.15
0.10
0.02

0.06
0.10
0.08

Wt gain
Fat gain

EMD gain

0.28
-0.07
-0.2r

0.79
-0.09
-0.18

0.r4
-0.29
-0.26

-0.36
0.33
0.20

0.18
0.45
0.45

6.27
0.47
1.65

\üT16
FAT16
EMDl6

-0.15
-0.06
-0.24

0.40
-0.03
0.01

-0.t2
-0.26
-0.36

-0.29
0.12
-0.01

0.20
0.49
0.38

3.74
0.4r
1.47

wT4
FAT4
EMD4

-0.02
0.01
0.28

-0.03
-0.03
-0.37

-0.15
0.09
0.24

0.19
0.17
0.28

0.16
0.23
0.40

0.42
0.42
2.52

aNLW
aLS

SClO

CFW FDCFW FDhz oDTrait2
CRro

Trait I

h2 : heritability, oo : phenotypic standard deviation, r, : genetic correlation between Trait 1 and Trait 2, CR :
correlated r.tponse, a selection intensity of 1.0 was used, see Equation 3.2, aNLW : Average number of lambs

weaned over a lifetime, aLS : Average litter size, SCl0 : scrotal circumference at 10 months of age, WT : live

weight at 4 and 16 months of age, FAT : Fat depth at 4 and 16 months of age, EMD : Eye muscle depth at 4

and 16 months of age

Genetic correlations between staple length, growth and reproduction \¡/ere generally very low

and it would appear from this study that there is little genetic interaction between these traits.

Genetic correlations with staple strength ranged from low to moderate across all traits which

is not surprising considering the low heritability of staple strength (Table 7.1). Correlations

for staple strength with growth traits suggest that there is a higher genetic relationship with

live weight at younger than older ages. The biological relationship of growth and staple

strength is also related to the previous discussion of protein synthesis and degradation.

Adams et at. (2000) found that animals selected for greater staple strength exhibited less

change in rate of protein synthesis in both skin and muscle than animals selected for reduced

staple strength at various levels of nutrition. This resulted in higher protein tumover at low

intake for strong staple strength animals. Adams et al. (2000) stated that when sheep have a

strong body demand for growth, differences between the genotypes in wool growth were not
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observed. The conclusion from much of the research so far shows that selection for fleece

traits affects protein metabolism in not only the skin but muscle as well.

There are few estimates of genetic parameters for carcase traits in Merinos specifically,

because they have traditionally been considered a wool breed. Now that thcrc is more interest

in the Merinos contribution to lamb and meat production, and the ever present requirement for

increased or improved production rates, accurate parameter estimates are required for use in

increasingly complex breeding indexes and evaluation of animals. Ultrasound measurements

of fat depth and eye muscle depth have been successfully used to improve carcase

composition in the traditional meat breeds for some time. Estimates from this study indicate

that this may also be achieved in the Merino. However, because the Merino is a lean animal

(low subcutaneous fat), the accuracy of measurement of fat and eye muscle depth may not be

as great as for meat breeds. This also has implications for the timing of measurement.

Genetic correlations from this study indicate that early selection for growth traits would not

be detrimental to fleece traits and is highly correlated with later measurements. However, if
the animal is too lean then a reliable measurement cannot be taken, which is a concern with

Merinos at 3 - 4 months of age unless fed well. V/ith further investigation into carcase traits

in Merinos other more accurate predictions of carcase composition in the live animal may be

found.

If the breeding objective aims to increase the reproductive rate or number of lambs weaned,

then estimates from this study suggest that litter size, at the first lambing or earlier with

ultrasound measurement, and scrotal circumference measured at 10 months of age, should be

used as selection criteria. If the breeding objective aims to increase growth rate, it has been

recommended that live weight at weaning (or 3 - 4 months of age) should be used as the

selection criteria, with possibly another measurement at 10 months of age or older.

Improvement of carcase traits in the Merino can be achieved using live ultrasound scan

measurements of subcutaneous fat depth and eye muscle depth as selection criteria. It is

recommended that these scanned traits be measured at the same time as live weights, 4 and 10

months of age. All of these traits have a genetic relationship to fleece traits. Generally, the

genetic correlations were favourable for improvement of all traits. However, those that were

not favourable were generally low to moderate, so with the use of a multiple trait selection

index improvements can still be made.

't
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A consideration for producers using Merinos is the difference between the nutritional and

management requirements of wool producing sheep and dual-purpose sheep. As a dual-

purpose sheep the Merino plays different roles, one is as the wool producing mother of a

crossbred lamb, and another is as a wool and meat producing lamb. These two roles have

different iltanagernent and nutrition lequirements. Merino lambs generally have little fat

cover, but also are generally not fed in the same way that crossbred lambs need to be to have

rapid growth and meet market specifications. If a producer is considering using the Merino to

produce meat and wool, both products will have to achieve certain market requirements and

the management of the sheep will have to change accordingly. If Merinos were fed for meat

production, they would not be as lean as those fed for wool production, which will change the

emphasis that is required in a selection index on fat depth, and may overcome concems of

accuracy of ultrasound fat depth measurement.

The trend toward greater lamb and meat production in the sheep industry has implications for

the genetic evaluation services operating within Australia. W hile the parameters currently

used by these services generally f,rt within the range of genetic parameters estimated in this

study, there were some differences and the requirements of the Merino breeder are changing.

Scrotal circumference and ultrasound fat and muscle depth measurements are already

included in the list of traits offered for analysis by the genetic evaluation services. Genetic

parameters were similar to estimates reported for meat breeds of sheep and existing indexes

may be appropriate for use to improve growth and carcase characters in the Merino.

However, as discussed current management practices increase the leanness of the Merino

compared to meat breeds and may require a different index depending on the level of meat

production the breeder or producer is aiming for. As further studies are carried out to confirm

the parameters for growth and carcase in the Merino, genetic evaluation services will have to

update their information and possibly offer selection indices specific for meat producing

Merinos.

This study reported some of the few estimates available between fleece and reproduction and

fleece andgrowth traits. The limitation of this study was the lack of estimates of genetic

correlations between reproduction, growth and live carcase traits. This work was not possible

within the time frame of this study due to the structure of the data from the two projects (TRF

and SDF). Ewes transferred from the TRF to the SDF were subject to a confidentiality

agreement and were allocated new tag numbers. There was insufficient time available to find

and use the information required to convert these tag numbers into a useable form. At the end

'I
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of the Selection Demonstration Flocks project reproduction data will be able to be correlated

with the growth data which was also collected on the 2002 drop. Additional to this study,

these two data sets are being combined with other data from around Australia in a Sheep

Industry CRC project to estimate and evaluate genetic parameters (pers. comm. Alex Safari

2003). Time constraints also tlid not allow for testing of combinations of growth and

reproduction traits into different traditional wool selection indices.

Other research is ongoing around Australia to get more and better information on the

relationships between fleece and meat tlpe traits. C arcase evaluation of Merinos is being

carried out though support from the Australian Sheep Industry CRC and Meat and Livestock

Australia. Animals from the Selection Demonstration Flocks, and other populations of

Merinos, namely, the Katanning Demonstration Flocks in Western Australia and the Trangie

QPLU$ flocks in New South Wales are being used for this carcase evaluation. The

measurements from these flocks will enable the comparison of ultrasound measurements and

carcase measurements, as well as providing a better understanding of the carcase of the

Merino. Within the Merino Validation Project, supported by Meat and Livestock Australia,

large numbers of records from commercial flocks all over Australia of reproduction, growth

and live carcase are being taken. This project will also provide further estimates of

correlations between these traits.

It is concluded that there is considerable variation in the South Australian Merino population

for reproduction, growth and live carcase traits. For the South Australian Merino breeder this

means that there are significant gains to be made both genetically and financially. While

there were some low genetic correlations that were in unfavourable directions, this study has

not identified any major genetic antagonisms between potential gain in wool, meat and

reproduction traits.

I
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Appendix A

A.1 LEAST SQUARES MEANS FOR FEMALE REPRODUCTION TRAITS

All means adjusted to single bom, single raised, ewe lambs, from 3 year old dams.

Table 4.1 Least squares means (standard error) for number of lambs weaned at 28,
40,52 and 64 months of age and lifetime average for each year of birth and flock of
originA

Within a cell means with no superscript or with a common superscript do not differ signif,rcantly (P > 0.05)
from each other

1

t
I
j

Table 4.2 Least squares means (standard error) for Fertility at 28, 40, 52 and 64

months of age for óach year of birth and flock of originA

I

Within a cell means with no superscript or with a coÍrmon superscript do not differ significantly (P > 0.05)
from each other

I
I

1.21 (0.081)
1.17 (0.082)
1.06 (0.0e0)
l.l6 (0.080)

0.70 (0.058)"
o.5s (o.os9)b
o.so (0.064)b
0.64 (0.057)"

0.95 (0.064)"
o.s7 (o.o6ob
037 (0.072)b

0.86 (0.064)b

0.99 (o.o7o)^
0.97 (0.071)"
o.8s (o.o7s)b
0.93 (0.069)'b

0.93 (0.045)"
0.87 (0.045)"
0.77 (0.048)b
0.87 (0.044)"

I
t
3
4

Flock

0.46 (0.066)"
0.68 (o.osÐb
0.65 (o.o6o)b
0.64 (0.056)b

0.82 (0.071)"
0.69 (0.064)b
o.s7 (0.06s)"
t.o7 (0.062)"

0.60 (0.078)"
0.89 (0.068)b
1.13 (0.071)'
1.13 (0.068)'

0.98 (0.085)"
1.14 (0.074)b
l.l8 (0.079)b

1.30 (0.077)"

0.70 (0.051)"
0.83 (0.044)b
0.94 (0.046)'
0.98 (0.043

1989
1990
t99t
1992

Year

NL\ü28 NLW4O NLW52 NLW64 aNL\ü

0.89 (o.o4o)"
o.s1 (0.04l)b
o.8l (0.045)b
o.s2 (o.o4o)b

0.84 (o.03e)
0.78 (0.03e)
0.7e (0.04s)
0.83 (0.03e)

0.76 (0.050)"
0.62 (0.051)b
0.60 (0.056)b
0.71(0.049)^

0.88 (0.036)
0.86 (0.036)
0.86 (0.041)
0.88 (0.036)

0.84 (0.028)"
0.77 (0.028)b"

0.76 (o.03o)b
0.81 (0.027)"'

I
)
3

4

Flock

0.48 (0.056)"
0.73 (0.049)b

0.73 (o.os2)b
0.74 (0.048)b

0.86 (0.045)"
0.7s (0.040)b
0.87 (0.040)"
0.87 (0.039)"

0.67 (0.042)^
0.83 (o.o3ob
0.87 (0.037)b
o.s7 (0.036)b

0.8s (0.03s)"
0.83 (0.031)'
0.84 (0.033)"
0.s7 (0.ßÐb

0.72 (0.032)^
o]s (o.02Tb
0.84 (0.028)'
0.84 (0.027)"

1989
1990
1991
1992

Year

Fert28 Fert40 Fert52 Fert64 aFert
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1.20 (0.063)"
1.13 (o.o64f
r.02 (o.o6Db
1.1 I (0.062)"

0.83 (o.os7)"
0.73 (0.058)b'
o.6s (0.062)b

0.78 (0.056)""

l.35 (o.o7s)
l.4o (0.076)
r.31 (0.081)
r.37 (0.073)

(0.045)"
(0.046)"
(0.049)b
(0.044)^b

1.15

t.t2
1.01

11.1

1

)
3

4

Flock

0.52 (0.066)'
0.84 (o.05ob
0.82 (0.059)b

0.81 (0.05s)b

1.09 (0.070)"
0.89 (0.062)b
1.10 (0.065)"
1.38 (0.061)'

0.82 (0.081)"
1.1 1 (0.096)b
1.53 (0.073)'
1.46 (0.069)"

1.19 (0.086)"
r.35 (0.07Ðb
1.42 (0.076)b"
1.48 (0.072)"

0.90 (0.052)"
1.03 (0.044)b
l.2t (0.046)"
r.25 (0.043)'

1989
1990
l99l
1992

Year

LS52 aLSLS28 LS4O LS64

Tabte 4.3 Least squâres means (standard error) for Litter size at 28,40,52 and 64

months of age for ãach year of birth and flock of originA

Table 4.4 Least squares means (standard error) for Rearing ability at28,40r 52 and
64 months of age fãr each year of birth and flock of originA

Within a cell means with no superscript or with a conìmon superscript do not differ significantly (P > 0.05)
from each other

Within a cell means with no superscript or with a çommon superscript do not differ significantly (P > 0.05)
from each other.

0.71 (0.
0.62 (0.

0.60 (0.
04
052

0.68 (0.04s)
0.63 (0.04s)
0.62 (0.04e)

0.64 (0.0s2)"
o.so (0.053)b

0.46 (o.os8)b

03e (0.046)
0.7s (0.047)
0.72 (0.0s1)
0.76 0

0.69 (0.031)"
0.61 (0.032)b'
0.59 (0.034)b

0.59 051 0.63 0.046 0.66 0.65 031

1

2

3

4

Flock

0.52 (0.050)"
o.70 (0.043)b
0.68 (o.o4s)b
o.70 (0.043)b

0.73 (0.047)^
0.72 (0.042)^
o.70 (0.045)"
o.s6 (0.043)b

0.57 (0.036)"
0.64 (0.031)b
0.66 (0.032)b
0.67 (o.03o)b

0.43 (0.059)"
0.6l (o.os1)b
o.s9 (o.os4)b
o.s8 (o.oso)b

0.64 (0.051)"b
0.57 (0.046)"
0.69 (0.04Ðb
0.67 (0.045)b

1989
1990
t99l
1992

Year

RA28 RA4O RA52 RA64 aRA
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A.2 GENETIC PARAMETERS BETWEEN REPRODUCTIVE COMPONENT
TRAITS AND AVERAGE NUMBER OF LAMBS WEANED

Table 4.5 Phenotypic and genetic correlations (standard error) between component
traits at different ages and average number of lalnbs weaned

0.71
(0.161)

0.78
(0.2s4)

0.81
(0.13e)

0.93
(0.106)

0.78
(0.145)

0.78
(0.2s4)

0.81
(0. l 3e)

0.93
(0. r 06)

0.92
(0.121)

0.66
(0.333)

0.54
(0.203)

0.52
(0.362)

0.48
(0.01e)

0.46
(0.01e)

0.47
(0.01e)

0.37
(0.021)

0.49
(0.0re)

0.48
(0.01e)

0.51
(0.018)

0.47
(0.0re)

0.54
(0.017)

0.55
(0.016)

0.57
(0.016)

0.56
(0.016)

28

40

52

64

Fert LS RAFert LS RAAge

Genetic correlationsPhenotypic correlations

A.3 LEAST SQUARES MEANS FOR SCROTAL CIRCUMFERENCE

All means adjusted to single born, single raised, ram lambs, from 3 year old dams

Table 4.6 Least squares means (standard error) for scrotal circumference at 5, 10

and 16 months of age for each year of birthA

32.3 (0.28)
32.1 (0.16)
31.8 (0.17)
32.3 (o.ts)

33.8 (0.44)"
32.4 (0.2Ðb
31.9 (0.30)b

3t.t (0.29)"

32.3 (0.38)
32.r (0.25)
31.8 (0.26)
32.2 (0.2s)

1989
1990
1991
1992

SC16

26.3 (0.30)"
26.s (0.37)^
23.1 (0.2S)b

26.6 (0.26)^

30.1 (0.50)"
24.s (osÐb
2s.9 (0.34)"
21.4 (os)d

27.1 (0.42)^"

26.3 (0.2Ðb
23.0 (0.28)"
26.4 (o.2Db"

1989
1990
1991
1992

SClO

16.5 (0.30)"
rs.3 (o.2qb
17.9 (0.26)"
16.9 (0.24)^

19.3 (0.41)"
r8.4 (o.20b
17.6 (0.26)"
t6.4 (0.2Ðd

2s.9 (0.s2)^
13.7 (03Ðb
16.5 (0.36)"
16.3 (0.34)"

1989
1990
1991
1992

SC5

Model l Model2 Model3Year

Within a cell means with no superscript or with a coÍrmon superscript do not differ signif,rcantly
(P > 0.05) from each other within each model and age of scrotal circumference.

A
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Table 4.7 Least squares means (standard error) for scrotal circumference at 5' 10

and 16 months of age for each flockA

32.2 (0.25)^
32.5 (0.26)^
3r.s (o.zTb
32.2 (0.25)"

32.2 (0.2s)^
32.5 (0.25)^
31 .s (0.26)b

32.2 (0.25)^

32.4 (0.29)^
33.0 (0.30)b
3t.2 (0.31)"
32.6 (0.29)^b

I
2

3
4

SC16

27.6 (0.34 27.2 (0.27)^
27.3 (0.27)^
26.0 (0.2Ðb
27.2 (0.27)^

27.1 (0.27)^
27.2 (0.27)^
25.9 (0.2Ðb
27.1 (0.27)^

27.8 (0.34)^

25.3 (0.35)b

27.2 (0.33)"

I
',

3

4

SClO

18.0 (0.26)'
17.r (o.2qb
17.4 (0.27')b

r8.2 (0.26)^

18.4 (0.3s)
18.5 (0.3s)
17.8 (0.37)
17.8 (0.3s)

18.2 (0
17.5 (0
r7.t (0
18.2 (o

.25)"

.26)o

.26)b

.25)u

1

2

3

4

SC5

Model l Model2 Model3Flock

Within a cell means with no superscript or with a coÍunon superscript do not differ significantly
(P > 0.05) from each other within each model and age of scrotal circumference

Table 4.8 Least squares means (standard error) for scrotal circumference at 5' 10

and 16 months of age for rams born and reared as singles (11), twins raised as singles
(21) , or twins raised as twins (22)n

32.0 (0.11)"
32.4 (0.2Ðb
31.8 (0.15)"

31.7 (0.09)"
32.2 (0.2qb
32.0 (0.13)'b

31.7 (0.10)"
32.2 (o.2Db
32.0 (0.13)"b

11

2l
)',

SC16

26.1 (0.10)"
26.5 (0.22)b

26J (otÐb

26.7 (0.13)^
27.0 (0.28)^

26.2 (o.n)b

26.2 (0.rr)"
26.s (o.n)b
26.8 (0.14

11

2l
.,,

SClO

17.2 (0.10
17.6 (0.2r
17.9 (0.13

)" 17.7 (0.10)"

f t7.s (0.2t)^b

)o 18.0 (o:13)b

t9.2 (0.14)^

18.2 (0.28)b

16.8 (0.18)'

11

2l
22

SC5

Model l Model2 Model3Tobr

Within a cell means with no superscript or with a coÍunon superscript do not differ significantly
(P > 0.05) from each other within each model and age of scrotal circumference.

Appendix A 141



A.4 GENETIC CORRELATIONS BETWEEN FEMALE AND
REPRODUCTION TRAITS AT ALL AGES OF MEASUREMENT

MALE

Table 4.9 Genetic correlations (standard error) between scrotal circumference and
number of lambs weaned at different ages

o.s0 (0.208)
0.12 (0.206)
0.20 (0.208)

o.6e (0.23e)
0.26 (0.23t)
0.2e (0.228)

0.86 (o.2sl)
o.4s (0.233)
0.47 (0.231)

I
2

3

NLW64

o.re (0.234)
0.2e (0.253)
0.24 (0.2s0)

0.56 (0.284)
0.4s (0.286)
0.43 (0.282)

o.5s (0.28e)
0.44 (0.286)
o.4t (0.286)

I
,
3

NL\il52

1.01 (0.7s6)
0.75 (0.82s)
0.81 (0.833)

0.e2 (0.723)
0.44 (0.61s)
o.4s (0.se7)

1.35 (0.e8e)
0.88 (0.e37)
0.92 (0.e2s)

I
,,

3

NLW4O

-0.02 (0.178)
-0.re (0.17e)
-0.16 (0.181)

0.34 (0.1e1)
o.t4 (0.1e7)
0.1ó (0.1e4)

0.34 (0.re2)
0.12 (0.re4)
0.14 (0.1e3)

I
,
3

NLW28

SC5 SClO SC16Model

Table 4.10 Genetic correlations (standard error) between scrotal circumference and
fertility at different ages

0.28 (0.184)
0.20 (0.18s)
0.24 (0.188)

0.4s (0.20e)
0.16 (0.20s)
0.17 (0.20s)

0.3e (0.210)
0.r3 (0.204)
0.r2 (0.20s)

I
2

3

Fert64

-0.04 (0.273)
0.r8 (0.285)
0.20 (0.278)

0.57 (0.360)
0.se (0.362)
0.60 (0.344)

0.04 (0.314)
0.07 (0.306)
0.0e (0.2e6)

I
.,

3

Fert52

0.41 (0.280)
0.47 (0.2e4)
0.41 (0.297)

0.35 (0.306)
0.28 (0.2e6)
a.28 (0.2e6)

0.27 (0.30e)
0.04 (0.28e)
o.07 (0.290)

1

2

3

Fert40

0.11 (0.180)
-0.18 (0.18e)
-0.14 (0.189)

o.3e (0.1e3)
0.06 (0.206)
0.0e (0.203)

0.4s (0.re2)
0.1r (0.203)
0.14 (0.201)

1

)
3

Fert28

SC5 SClO SC16Model
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Table A.Ll Genetic correlations (standard error) between scrotal circumfêrence and
litter size at different ages

0.22 (0.rs9)
o.o8 (0.166)
0.08 (0.168)

0.33 (0.1e2)
0.47 (0.202)
0.33 (o.1el)

0.46 (0.202)
0.38 (0.1e0)
0.41 (0.1e0)

I
)
3

LS64

0.08 (0.200)
0.06 (0.204)
0.03 (0.208)

0.30 (0.24s)
0.r2 (0.234)
0.rr (0.234)

0.7s (0.28s)
0.53 (0.250)
0.s4 (0.2s3)

1

)
3

LS52

0.22 (0.200)
0.08 (0.201)
0.04 (0.203)

o.ze (0.23e)
0.r2 (0.228)
o.ag (0.228)

0.26 (0.244)
o.08 (0.223)
0.09 (0.225)

I
2

3

LS4O

0.10 (0.208)
0.23 (0.206)
0.23 (0.2tt)

0.11 (0.238)
0.10 (0.237)
0.10 (0.233)

-0.22 (0.232)
-0.37 (0.230)
-0.3s (0.226)

1

2

3

LS28

SC5 SClO sc16Model

Table 4.12 Genetic correlations (standard error) between scrotal circumference and
rearing ability at different ages

0.28 (0.134)
0.20 (0.138)
0.20 (0.140)

o.3e (0.rsl)
0.22 (0.1s3)
0.2r (0.1s2)

0.48 (0.1s2)
0.31 (0.151)
0.31 (0.rs1)

I
t
3

RA64

o.le (0.162)
0.rs (0.16e)
0.16 (0.171)

0.28 (0.182)
0.08 (0.186)
0.08 (0.18s)

0.37 (0.183)
0.2ó (0.184)
0.28 (0.r84)

I
,
3

RA52

0.88 (0.308)
o.7s (0.328)
0.7e (0.331)

0.87 (0.328)
0.64 (0.32s)
0.64 (0.320)

0.e6 (0.346)
0.6e (0.332)
0.73 (0.332)

I
2

3
RA4O

0.26 (0.170)
-0.04 (0.185)
0.01 (0.184)

0.4e (0.181)
o.rs (0.202)
0.18 (0.1e8)

0.53 (0.180)
0.1e (0.1e8)
0.21 (0.1es)

I
t
3

RA28

SC5 SClO SC16Model
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A.5 CALCULATION OF CORRELATED RESPONSE FOR NI,IMBER OF LAMBS
WEANED

Response to selection for a single trait is (Falconer and Mackay 1960)

R (Equation 3.1)

where R, is the response to selecti on, hl is the heritability, i is the selection intensity and

6, is the standard deviation.

For number of lambs weaned using a selection intensity of l, heritability of 0.16 (Table 3.6)

and standard deviation of r/0.t78 (Table 3.4), the response to selection for number of lambs

weaned is

Rr = 0.16 * l* 0.422:0.068 lambs per ewe per generation.

The correlated response in trait 2 when selecting for Trait 1 is (Falconer and Mackay 1960):

CRr., = /A,A, tf tfrioo, (Equation 3.2)

where CRr., is the correlated response, r,4,1 is the correlation between trait 1 and.2, hl ts

the heritability of trait l, h: is the heritability of trait 2, i , is the selection intensity and. o,

is the standard deviation of trait 2.

Correlated response in number of lambs weaned when selecting for litter size at 28 months

= hlio n

CRr., = 0'

CRr , = 0.29 0.40 * 0.16 * 1*

0.16*0.16*1* 0.1 78

0.r78

CRr.t = 0.052lambs per ewe per generation

Correlated response in number of lambs weaned when selecting for scrotal circumference at

10 months.

CRr.r : 0.031 lambs per ewe per generation
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Table 8.1 Genetic and phenotypic variances, and heritabilities of fleece traits with
(Model2) and without (Model 1) adjustment for lambing statusn

u Mod.l l: base model, Model 2: base model + number of lambs weaned. V, : genetic variance,

Vo : phenotypic variance, h2 : heritability

Appendix B

8.1 COMPARISON OF CORRELATIONS BETWEEN FLEECE
REPRODUCTION TRAITS, \ilITH AND WITHOUT ADJUSTMENT
LAMBING STATUS

ANI)
FOR

0.35 0.310.21 0.240.30 0.330.38 0.38ht
SS

50.31

144.2

39.9r
t28.2

27.88

131.5

30.12

t26.6
36.77

r21.0
37.73

115.2
36.44

96.06

36.26

94.53

V-
vp

0.61 0.630.66 0.660.60 0.480.s 1 0.s3ht
SL

61.85

101.6

63.16

99.56
61 .51

93.81

6r.r7
93.03

61.72

r02.2
46.48

96.96
44.50

87.36

45.96

86.96

V.
vp

0.70 0.7r0.62 0.650.60 0.600.69 0.71h2

FD

2.868
4.09r

2.879
3.951

2.282

3.6s5

2.300
3.563

2.02s
3.402

2.041
3.379

2.009
2.906

2.025

2.864
V"
vp

0.52 0.540.48 0.490.40 0.420.47 0.47ht
CFW

0.338
0.646

0.315

0.583
0.286
0.594

0.281

0.s73
0.235
0.591

0.241

0.573
0.248
0.531

0.237

0.502
V
VD

Model Model
I 2

Model Model
1 2

Model Model
1 2

Model Model
1 2

64524028
Age of measurement
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8.2 LEAST SQUARE,S MEANS FOR FLEECE TRAITS _ TURRETFIELD
RESOURCE FLOCKS

All means adjusted to single born, single raised lambs, from 3 year old dams

Tabte 8.2 Least squares means (standard error) of clean fleece weight (kg) for each

year of birth, floct of origin and type of birth and rearing (Tobr)A

V/ithin a cell means with no superscript or with a common superscript do not differ significantly (P > 0.05)
from each other. ne : not estimable

4.4"
(0.02)

4.rb
(0.06)

4.f
(0.03)

4.gu
(0.03)

4.6b
(0.07)

4.6b
(0.04)

5.2u
(0.03)

4.gb
(0.07)

4.gb
(0.04)

5.1u
(0.03)

4.gb
(0.08)

4.gb
(0.0s)

5.1
(0.04)

5.0
(o.oe)

4.9
(0.06)

2.2u
(0.01)

2.0b
(0.03)

2.Ob
(0.02)

2.9"
(0.02)

2.gb
(0.04)

2.gb
(0.02)

11

Tobr 2l

22

4.r"
(0.0s)

4.6b
(0.05)

4.5b
(0.0s)

4.2u
(0.04)

4.5u
(0.05)

5.2b
(0.0s)

5.0b
(0.06)

4.7u
(0.0s)

4.gu
(0.06)

5.6b
(0.06)

5.4b
(0.07)

5.1'
(0.06)

4.J"
(0.06)

5.4b
(0.06)

5.4b
(0.07)

5.1'
(0.06)

4.7"
(0.07)

5.4b
(0.07)

5.4b
(0.10)

4.gu
(0.07)

2.2u
(0.03)

23b
(0.03)

23ub
(0.03)

2.2u
(0.03)

2.gu
(0.03)

3.lb
(0.03)

2.gu
(0.03)

2.9"
(0.03)

Flock

I

,,

3

4

3.5u
(0.07)

4.4b
(0.04)

4.4b
(0.04)

4.9"
(0.04)

4.2u
(0.08)

5.2b
(0.0s)

5.2b
(0.0s)

4.9"
(0.0s)

5.3u
(0.08)

4.gb
(0.05)

5.2u
(0.0s)

5.5'
(0.0s)

5.0u
(0.0e)

5.0u
(0.0s)

5.5b
(0.05)

5.2"
(0.0s)

4.gu
(0.0e)

5.3b
(0.06)

5.1'
(0.06)

ne

1.gu
(0.03)

2.2b
(0.02)

2.f
(0.03)

2.9"
(0.02)

2.3u
(0.04)

3.4b
(0.03)
¡ ¡bJ.J

(0.03)

2.7"
(0.03)

1989

1990
Year

t99t

1992

Ewe
l6 28 40 52 64

Ram
10 16
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Table 8.3 Least squares means (standard error) of clean fleece weight (kg) for year

of birth by flock of origin interactionA

aaAJ.J
(0.13)

3.gb
(o.l r)

ne

^^A5.J
(0.1l)
43"d

(0.07)

4.9't
(0.08)

4.2d
(0.0e)

43'd
.08)

.2d

3.9
(0.0e)

4.5
(0.08)

ne

4.guo
(0.1 6)

6.0"
(0.r3)

ne

5.0ud"
(0. l 3)

4.5b
(0.0e)

5.3d"
(0. l 0)

4.gub
(o.l 1)

4.7ub
(0.10)

4.7ub
(0.0e)

5.2d"
(0. l0)
5.6f

(0. r 3)

5.2d'
(0. l 0)

5.Oud"
(o.oe)

5. g'f
(0. l 0)

5.g"f
(0.10)

5.3"
(0. l 0)

4.5
(0.10)

5.3
(0.10)

ne

4.5
(0.1 r)
5.2

(0. l0)

ne

(0

4
(0

4.
.07)

5"g¡
(0.08)

4.4"d
(0.1 l)
4.4'dh
(0.08)

4.7rch
(0.0q)

5.1'
(0.08)

5.0''
(0.08)

4.71c
(0.08)

4.0
(0.0e)

4.9
(0.06)

5.5
(0.06)

5.3
(0.07)

5.0
(0.06)

4.9
(0.06)

5.5
(0.07)

5.3
(0.08)

5.0
(0.06)

4.5
(0.06)

5.2
(0.06)

5.0
(0.07)

4.7
(0.06)

4.9 4.7
(0.r0) (0.10)

4.5 4.9
(0.07) (0.08)

5.2 5.6
(0.07) (0.08)

s.2 5.5
(0.08) (0.10)

4.9 5.1
(0.07) (0.08)

5.0 4.7
(0.07) (0.08)

5.7 s.4
(0.08) (o.oe)

5.8 5.3
(0.0e) (o.l 1)

5.4 4.9
(0.07) (0.08)

4.7
(0.07) ne

\A
rõôir ne

55
rõôir ne

5l
tõôir ne

L7u
(0.07)

1.gb
(0.06)

1.gub
(0.07)

1.guo
(0.07)

2.3"
(0.05)

2.2"d
(0.05)

2.2"d
(0.0s)

2.2"d
(0.05)

2.f
(0.05)

2.fd
(0.0s)

2.f
(0.07)

2.2'd
(0.05)

2.9"
(0.04)

3.0f
(0.0s)

3.01
(0.0s)

2.5c
(0.0s)

2.3
(0.0s)

2.5
(0.0s)

2.3
(0.0s)

2.3
(0.0s)

J.J
(0.04)

3.5
(0.04)

J.J
(0.04)

5.J
(0.04)

J.J
(0.04)

3.5
(0.04)

J.J
(0.04)

J.J
(0.04)

2.7
(0.04)

2.9
(0.04)

2.7
(0.04)

2.7
(0.04)

1989

1990

t99t

1992

I

2

3

4

I
.,

3

4

1

2

3

4

I

)

3

4

16 28 40 52 6410 l6Year Flock

EweRam

Within a column means with no superscript or with a conìmon superscript do not differ significantly
(P > 0.05) from each other. ne : not estimable

Appendix B 147



Table 8.4 Least squares means (standard error) of fibre diameter (¡rm) for each

year of birth, flock of origin and type of birth and rearing (Tobr)A

Within a cell means with no superscript or with a cornmon superscript
from each other. ne : not estimable

do not differ significantly (P > 0.05)

21.8u
(0.07)

22.}ub
(o.l s)

22.2b
(0.0e)

23. 24.6
(0.0e)

24.8
(0. r 8)

24.9
(0.1l)

24.9u
(0.0e)

25.fb
(0.1e)

25.2b
(0. r2)

25.2
(0.1l)

25.6
(0.24)

25.5
(0.16)

(0.08)

23.gub
(0.1 6)

24.0b
(0.10)

21.0"
(0.06)

21.0u
(0.13)

213b
(0.08)

22.4
(0.07)

22.5
(0.1s)

22.6
(0.10)

11

Tobr 2l

22

22.4u
(0.12)

23.0b
(0.12)

20.4"
(0.15)

2t3d
(0.12)

24.3u
(0.14)

24.9b
(0.14)

22.7"
(0.1 7)

22.9"
(0.14)

25.2 25.3u
(0.1s)

263b
(0.1s)

23.7"
(0.1e)

24.0"
(0. r s)

25.4
(0.r4)

26.0b
(0.r4)

23.5"
(0.18)

23.7"
(0. l4)

(0.20)

26.5b
(0.20)

24.1"
(0.27)

24.2"
(0.20)

21.7u
(0. l l)
22.0b
(0. r 1)

19.7"
(0.12)

20.4d
(0.11)

23.2"
(0.13)

23.7b
(0.13)

21.0"
(0.1s)

2l.gd
(0.13)

Flock

1

)

3

4

20.9u
(o. r e)

22.7b
(0.r r)

2r.6"
(0.12)

21.9"
(0.11)

233"b
(0.21)

24.5"
(0. l2)

23.7"
(0.13)

23.2b
(0. r2)

25.0u
(0.21)

243b
(0.13)

24.0b
(0. r4)

25.|u
(0.l3)

24.7^
(0.24)

24.9b
(0.14)

25.5"
(0.1s)

24.9b
(0.14)

24.7u
(0.2s)

26.rb
(0.15)

24.5u
(0.16)

ne

20.7u
(0.14)

2l.lb
(0.l0)

27.0b
(0.l l)
21.7"
(0. l0)

21.6u
(0.17)

23.2b
(0.12)

233b
(0.13)

21.6u
(0. l2)

1989

1990
Year

l99l

1992

t6 28 40 52 6410 t6
EweRam
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Table 8.5 Least squares means (standard error) of staple length (mm) for each year

of birth, flock of oiigin and type of birth and rearing (Tobr)A

114.0
(0.42)

113.8
(0.e3)

113.8
(0.ss)

t09.4
(0.40)

110.4
(0.88)

t09.2
(0.s2)

108.7
(0.43)

t09.7
(0.e6)

108.5
(0.56)

106.4
(0.46)

r07.4
(o.es)

106.8
(0.s8)

105.6"
(0.s4)

rc9.2b
(t.24)

106.4u
(0.1'7)

57.0
(0.20)

57.3
(0.48)

57.l
(0.2e)

63.7u
(0.2s)

64.9b
(0.56)

64.2"b
(0.3s)

Tobr

1l

2l

'r)

Tl4.7u
(0.1e)

1 1g.7b
(0.75)

110.0'
(0.e1)

111.5'
(0.7s)

110.2"
(0.75)

114.5b
(0.71)

105.3"
(0.86)

106.5"
(0.71)

710.4u
(0.72)

1l3.gb
(0.12)

104.3"
(0.e0)

106.3"
(0.72)

107.lu
(0.78)

nl.7b
(0.17)

103.3"
(0.e7)

103.7"
(0.78)

105.6"
(0.e6)

111.8b
(0.e8)

101.0'
(1.30)

102.4"
(0.e7)

58.2u
(0.40)

5g.gb
(0.38)

53.6"
(0.41)

56.2d
(0.36)

64.6u
(0.43)

67.0b
(0.46)

60.1"
(0.50)

63.1d
(0.4s)

Flock

1

)

3

4

103.7u
(1.10)

t20.gb
(0.67)

1 15.6'
(0.74)

113.1d
(0.67)

105.6"
(1.06)

1lO.gb
(0.64)

110.6b
(0.70)

109.5b
(0.63)

110.9u
( 1.08)

107.5b
(0.67)

1l 1.0u
(0.70)

105.4b
(0.66)

105.1u
(1.18)

109.5b
(0.71)

t}g.7b
(0.75)

101.5"
(0.71)

108.0"
(t.2t)
107.9^
(0.7s)

101.4b
(0.7e)

ne

55.0u
(0.4s)

5g.0b
(0.33)

55.9u
(0.3s)

5g.gb
(0.32)

51.5u
(0.58)

69.7b
(0.43)

71.0"
(0.44)

62.5d
(0.40)

1989

1990
Year

1991

1992

Ewe
4016 28 52 64

Ram
l0 16

Within a cell means with no superscript or with a common suPerscriPt do not differ significantly (P > 0.05)

from each other. ne : not estimable
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Table 8.6 Least squares means (standard error) of staple length (mm) for year of
birth by flock of origin interactionA

(2.21)

1 10.6b'd
(1.6e)

ne

97.6"
(1.81)

123.2f
(t.24)
r27.9s
( 1.30)

ll2.7b"h
(1.47)

rr9.7n
(r.31)
119.1'r
(1.26)

t2t.rn
( 1.38)

108.1d
( l .82)

115.1hj
( l.36)

114.6bhj
(1.21)

1 1 5.1hj
( 1.30)

109.0'd
(t.21)

1l3.7bh
(1.32)

104.6ub
(2.0e)

113.0"d
(1.63)

ne

112.6
(r.23)
116.1
( 1.16)

105.7
( l .3s)

110.3
(1.26)

ne

107.0
( 1.48)

t13.2
(1.40)

ne

1 .0u
aJ0

ne

99.2"
(1.72)

ll2.2"d
(1.1 8)

1.16.4dr
(1.24)

lo7 3uch
(r.41)

lo7.6"chi
(r.24)

772.2"d
(r. le)
17 3r
(1.31)

102.gb"
(1.73)

1 I 0. 1"c'
(t.27)

7ll.7"d
( 1.20)

11 1.4"'
(t.23)

105.gubh
(1.22)

1 0g. I "chi

(t.2s)

108.5
(1. l e)

109.2
(0.88)

tt2.6
(0.e1)

103.0
(1.01)

1 05.1
(0.e0)

t12.7
(0.88)

116.2
(0.e2)

106.6
(1.06)

108.6
(0.e1)

r07.l
(0.8e)

110.6
(0.e1)

101.0
(0.e6)

103.0

r02.4
( 1.30)

110.2
(0.e4)

tr4.7
(0.e6)

106.3
( r.07)
106.8
(0.e6)

110.4
(0.e5)

114.9
( l.o0)
106.5
(1.14)

107.0
(0.ee)

102.1
(0.e5)

t06.7
(0.e8)

98.3
(1.04)

98.8
(0.e8)

103.8
(1.42)

108.2
( 1.07)

rr4.3
(1. l3)
104.2
(1.31)

105.0
(1.12)
t01.7
(1.07)

107.8
( 1.16)

97.7
(1.44)

98.5
(1.13)

ne

ne

ne

ne
0.91)(

57.Ouo
(1.18)

59.2u
(0.e3)

51.6'
(0.es)

53.2"
(0.87)

59.7d"
(0.

6t
se)

.6df
(0.70)

52.9"
(0.11)

59.0u'
(0

57
(0

57

.67)

.6abe

62)

.7ub"

52.4
(0.70)

54.8
(0.70)

47.9
(0.70)

s0.9
(0.6e)

70.6
(0.s4)

73.0
(0.58)

66.7
(0.6r)
69.t

(0.s6)

71.9
(0.5s)

74.3
(0.58)

67.4
(0.64)

70.4
(0.57)

63.4
(0.54)

65.8
(0.ss)

58.9
(0.s8)

61.9
(0.56)

(0.67)

52.7"
(0.87)

55.6b
(0.64)

59.7u"
(0.60)

6l.gf
(0.61)

57.}ub
(0.64)

59.0u"
(0.61)

1989

1990

t99t

1992

1

)

3

4

I

2

3

4

1

.,

3

4

1

)

3

4

28 4016 52 6410 t6Year Flock

EweRam

V/ithin a column means with no superscript or with a common superscript do not differ significantly
(P > 0.05) from each other. ne : not estimable
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Tabte 8.7 Least squares means (standard error) of staple strength (N/ktex) for each

year of birth, flock of origin and type of birth and rearing (Tobr)^

Within a cell means with no superscript or with a coÍlmon superscrrpt do not differ signif,rcantly (P > 0.05)

from each other. ne : not estimable

23.4u
(0.3s)

25.2b
(0.82)

23.5u
(0.4e)

28.0
(0.40)

28.2
(0.e3)

27.5
(0.s4)

30.8u
(0.43)

2g.gb
(1.04)

29.7ub
(0.se)

30.7
(0.45)

29.0
(1.12)

29.6
(0.62)

28.s
(0.53)

28.0
(t.47)

28.0
(0.88)

4t.7
(0.3s)

41.2
(0.e2)

41.4
(0.53)

44.4
(0.40)

44.5
(0.e2)

43.8
(0.57)

11

Tobr 2l

22

24.6u
(0.s8)

23.ru
(0.5e)

2t3b
(0.74)

24.8"
(0.se)

28.3
(0.66)

28.0
(0.67)

27.2
(0.8s)

28.4
(0.61)

3r.2
(0.70)

31.4
(0.12)

29.6
(0.e0)

3r.2
(0.72)

31.I
(0.70)

31.1
(0.73)

29.7
(0.e1)

31.1
(0.73)

29.9
(0.e0)

28.8
(o.es)

27.5
(1.28)

27.7
(0.e3)

41.7
(0.62)

41.8
(0.67)

42.1
(0.70)

4r.2
(0.62)

44.5u
(0.81)

44.4"
(0.76)

42.2b
(0.84)

46.7"
(0.73)

Flock

I

2

3

4

19.8u
(0.88)

27.gb
(0.s4)

20.3u
(0.s7)

25.9"
(0.s3)

26.7u
(1.02)

32.|b
(0.61)

29.4u
(0.65)

24.7"
(0.61)

30.7u
(1.06)

36.9b
(0.67)

27.1"
(0.6e)

29.6u"
(0.66)

36.4u
(r.17)

31.4b
(0.66)

26.0"
(0.6e)

29.2b
(0.66)

30.0u
(1.1 6)

29.6u
(0.72)

26.5b
(0.16)

ne

35.7u
(0.81)

51.3b
(0.61)

41.2"
(0.60)

38.5d
(0.54)

39.5u
(0.e2)

4r.2u
(0.66)

44.9b
(0.71)

52.2"
(0.64)

r989

1990
Year

1991

1992

Ewe
16 28 40 52 64

Ram
l0 16
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Table 8.8 Least squares means (standard error) of staple strength (N/ktex) for year

of birth by flock oi origin interactionA

34.9u 40.0u0
(2.38)

3g.6b"
( l.8e)
34.7"
( l.e6)
44.5d'
( 1.8 1)

39.0b
(1.20)

42.6ubd
(1.38)

39.1b
(1.s0)

44.fd"
(1.33)

46.9"r
(t.2s)
43.7ud"
( l.3s)
44.6d"
(r.17)
44.4d"
(1.31)

52.18
( l. le)
52.7c
(r.22)
50.4fc
(1.28)

53.]s
(1.24)

(1

36
( 1.48)

35.6u"
(1.64)

3i6.zub'
( 1.48)

52.5d
(0.e7)

52.0d
(1.22)

53.9d
( 1.45)

46.9"
(1. l6)
42.2f
(1.02)

403t8
(1.13)

40.2fs
( 1.48)

42.2f
( 1.08)

37.2ub"c
(0.ee)

3g.gb'fc
( 1.02)

3g.6b'c
( 1.08)

39.4bf8
(1.01)

1

,,

3

4

I

)

3

4

I

2

3

4

I

2

3

4

1989

1990

l99l

1992

10 16Year Flock

Ram

o Withi.r a column means with no superscript or with a coûrmon superscript do not differ significantly
(P > 0.05) from each other
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Appendix C

C.l LEAST SQUARES MEANS FOR WEIGHTS AND ADJUSTED FAT AND EYE
MUSCLE DEPTH

All means adjusted to single bom, single raised, ram lambs, from 3 year old dams.

Table C.l Least squares means (standard error) for live weight (kg) at all ages for
years and flocksA

Within a cell means with no superscript or with a coÍrnon superscript do not differ significantly (P > 0.05) from

each other. Control : Control flock, MPR: Measured performance records flock, PCA : Professional classer

rsment flock- EWF : Elite wool flock. FM+: Fibre meat plus flock

62.9u
(0.48)

63.9u
(0.s8)

63.7u
(0.s8)

63.4u
(0.56)

66.90
(o.se)

67.9u
(0.42)

62.30
(0.40)

t6
months

52.5u
(0.42)

53.1u
(0.s 1)

53.0u
(0.51)

52.5u
(0.4e)

56.00
(0.s2)

56.6"
(0.36)

52.9b
(0.35)

13

months

44.5u
(0.3e)

45.|u 44.6u
(0.48)

44.3 47
.4

4'7.ru
(0.36)

45.60
(0.3s)

10
months

36.4u 37.2u 36. 36.7u 39

(0 0.s0) (0.50) (0.50)
40.3u
(0.34)

39.50
(0.32)

8

months

31.0u
(0.34)

31.7u
(0.41)

30.9u
(0.40)

31.0u
(0.3e)

34.30
(0.41)

36.ru
(0.2e)

31.3b
(0.28)

7

months

33.0u
(0.34)

343b"
(0.42)

32.7"
(0.42)

33.4u"
(0.40)

34.7'
(0.42)

34.3'
(0.3 r)

36.10
(0.2e)

5

months

30.7u
(0.28)

JJ 31.2u"
(0.33)

31
(0

32.1

.JJ 34
33.5
(0.25)

33.1
(0.24)

4

months

27.3u 3t.3 28 28.3 29.t
0.2 0.33 34

31.5u
(0.2s)

29.70
(0.23)Weaning

5.5u
(0.07)

5.7u6
(0.0e)

5.7b
(0.0e)

5.6ub
(0.08)

5.gb
(0.0e)

5.7
(0.06)

5.6
(0.05)

Birth

Flock
PCAControl MPR EWF FM+

Year
2000 2001
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Table C.2 Least squares meâns (standard error) for live weight (kg) at all ages for
sex and type of birth and rearingA

64.|u
(0.33)

63.3uo
(0.56)

62.3'
(0.3s)

53.7u
(0.33)

64.1o
(0.33)16 months

53.4"
(0.2e)

523b
(0.48)

51.6b
(0.30)

41.7u
(0.30)

53.40
(0.2e)13 months

45.2u
(0.27)

43.60
(0.46)

43.20
(0.28)

38.3u
(0.21)

45.2õ
(0.27)10 months

a-)t 35.8 35.0'
.45

32.6u
(0.2e)

37.40
(0.28)I months

31.9u 30.5 29.5"
.2 24

30.2u
(0.24)

31.gb
(0.23)7 months

33.6u
(0.23)

32.2b
(0.38)

30.9"
(0.24)

29.gu
(0.24)

33.60
(0.23)5 months

3l.gu
(0.19)

30.20
(0.33)

29.3"
(0.20)

2g.gu
(0.20)

31.9b
(0. r e)

4 months

2g.gu
(0. l 8)

27.0b
(0.31)

24.9"
(0. le)

26.3u
(0.1e)

2g.go
(0. r 8)

Weaning

5.7u
(0.04)

4.70
(0.07)

4.go
(0.05)

5.3u
(0.04)

5.7b
(0.04)

Birth

Type of birth and rearing
11 21 22

Sex
Female Male

Within a cell means with no superscript or with a cornrnon superscript do not differ significantly (P > 0.05) from
each other
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2000

2001

Male

Female

Male

f,'emale

33.5u
(0.25)

31.3b
(0.26)

33.7u
(0.24)

29.7"
(0.24)

34.3u
(0.31)

30.7b
(0.32)

36.1"
(0.2e)

31.gd
(0.2e)

40.3u
(0.34)

34.gb
(0.3s)

39.5'
(0.32)

33.6d
(0.32)

56.6^
(0.36)

45.0b
(0.37)

52.9"
(0.3s)

40.6d
(0.34)

Sex

2l

11

2l

11

22

22

2000

2001

5.7u
(0.06)

4.gb"
(o.oe)

4.gb
(0.06)

5.6u
(0.0s)

4.7"
(0.0e)

4.7"
(0.06)

31.5u
(0.2s)

30.4b
(0.43)

27.7"
(0.26)

29.7d
(0.23)

26.3"
(0.41)

24.2f
(0.26)

33.5u
(0.25)

32.4b
(0.46)

30.2"
(0.27)

33.1ub
(0.24)

31.0'
(0.44)

2g.gd
(0.27)

34.3u
(0.31)

33.9u
(0.s4)

31.9b
(0.32)

36.1"
(0.2e)

33.9u
(0.s1)

32.5b
(0.32)

47.lu
(0.36)

46.}ub
(0.6s)

45.2b
(0.38)

45.6b
(0.35)

43.7"
(0.62)

43.7"
(0.37)

Tobr

Control

MPR

E\ilF

FM+

Control

MPR

EWF

FM+

PCA

PCA

2000

2001

5.5ub
(0.0e)

5.7"b
(0.11)

5.7u
(0.10)

5.6ub
(0.11)

6. l"
(0.r 1)

5.5b
(0.08)

5.6ub
(0.11)

5.Tub
(0.10)

5.7ub
(0.11)

5.64b
(0.11)

31.0u
(0.36)

32.5b
(0.45)

30.7u
(0.41)

30.9u
(0.44)

32.6b
(0.44)

26.2"
(0.34)

32.6b
(0.45)

27.9d
(0.41)

29.4d
(0.42)

29.2d
(0.44)

33.6ub"
(0.38)

33. gub

(0.44)

32.7b"
(0.41)

33.5ub'
(0.44)

34.0u
(0.4s)

30.7d
(0.3s)

36.2"
(0.44)

32.5"
(0.41)

33.Oub'
(0.42)

33.lub"
(0.4s)

34.gub"
(0.45)

3:4.2b"d
(0.57)

33.1d
(0.s2)

33.g"d
(0.5s)

35.6ub"
(0.5s)

34.zb"d
(0.42)

37.6f
(0.57)

35.5ub
(0.51)

36.0u"
(0.53)

37.0"î
(0.56)

36.5u
(0.44)

35.7ub
(0.s4)

34.6b"
(0.4e)

34.6b"
(0.53)

39.1d
(0.s3)

29.4"
(0.4r)

31.6f
(0.s4)

30.gf
(0.4e)

313f
(0.s 1)

33.3"
(0.s3)

(0.s 1)

40.Oub"
(0.67)

3g.lb"d
(0.60)

39.0!"d
(0.63)

42.9"
(0.64)

36.5f
(0.48)

3g.4"d
(0.67)

3g.4d
(o.se)

38.4d
(0.62)

40.9u
(0.64)

47.8u
(0.s3)

46.gub
(0.66)

46.0b"
(0.60)

45.2"
(0.63)

49.5d
(0.64)

43.4"
(0.4e)

45.6b"
(0.6s)

45.4b"
(0.se)

45.7b"
(0.61)

4g.Oud
(0.64)

57.\u
(0.5s)

56.5u
(0.68)

55.gub
(0.62)

54.gb
(0.66)

59.0"
(0.66)

50.7d
(0.s 1)

52.5"
(0.68)

52.9"
(0.61)

52.9"
(0.63)

55.gub
(0.67)

67.9u
(0.64)

67.gub
(0.78)

67.fb"
(0.72)

66.0b"
(0.76)

70.1d
(0.77)

59.6"
(0.60)

61.7f
(0.78)

62.2r
(0.71)

62.7f
(0.73)

65.3"
(0.77)

40.4

FlockYear BW \il\ü WT4 WTs WT7 WT8 wT10 \üT13 WT16

Table C.3 Least squares means (standard error) of live weight (kg) for signifÌcant
interactionsA

Within a cell means with no superscript or with a common superscript do not differ signifrcantly (P > 0.05)

1 : single raised as single, 2l : multiple raised as single, 22from each other, Tobr : type of birth and rearing: 1

: multiple raised as multiple
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Table C.4 Least squares means (standard error) for adjusted fat depth (mm) at all
ages for years and flocksA

Within a cell means with no superscript or with a common superscript do not differ signihcantly (P > 0.05) from

each other. Control: Control flock, MPR: Measured performance records flock, PCA : Professional classer

assessment flock, EWF : Elite wool flock, FM+ : Fibre meat plus flock

Table C.5 Least squares means (standard error) for adjusted fat depth (mm) at all
ages for sex and type ofbirth and rearingA

2 2 2
(0

2

(0.04) (0.06)
2.0u

(0.04)

^ .D
J.J

(0.04)
t6

months

2.4u 2.2 2. 2.2 2.2
(0.0s) (0.0s) (0.0s)

l.7u
(0.04)

2.gb
(0.03)

13
months

2.2"
(0.04)

I 2 2 2

(0 .05 (0.05)
1.gu

(0.04)

2.lo
(0.03)

10
months

1

(0

1.3 t.4 r.4u" 1.4
(0.04) 04

1.1u
(0.03)

1.60
(0.03)

I
months

r.2u
(0.03)

1.0b
(0.04)

I .10

(0.04)

I .10

(0.04)

l. 10

(0.04)
1.1

(0.03)

1.0
(0.03)

7
months

1.3 1.1 1.1 t.2 l.l
(0.04) .04) (0.04

1.3u

(0.03)

1.20

(0.03)
5

months

1.8

(0.04)

t.6
(0.0s)

t.7
(0.05)

1.7
(0.05)

7.7
(0.0s)

l.gu
(0.03)

l.5b
(0.03)

4
months

Flock
PCAControl MPR EWF FM+

Year
2000 2001

16 months 3.5u
(0.03)

2.60
(0.03)

2.7u'
(0.04)

2.6"
(0.03)

2.J'
(0.03)

13 months
2.20

(0.03)
2.9"

(0.03)
2.3

(0.04)
2.2

(0.03)
2.3

(0.03)

2.0"
(0.03)

'¿.'2"

(0.03)
2.1'

(0.04)
2.0"

(0.03)
2.4"

(0.03)10 months

8 months 1.6u
(0.03)

1r40
(0.02)

l.4u
(0.02)

1.50
(0.04)

1.50
(0.03)

7 months
1 .1b

(0.02)
1.2u

(0.02)
1.1

(0.02)
1.1

(0.04)
1.1

(0.02)

5 months l.5u
(0.03)

1.20
(0.03)

1.2
(0.03)

1.2
(0.04)

t.2
(0.03)

4 months T.7D
(0.02)

2.ru
(0.03)

1.6
(0.04)

7.7
(0.02)

1.6
(0.03)

Sex
Female Male

Type of birth and rearing
11 21 22

Within a cell means with no superscript or with a common superscript do not differ significantly (P > 0.05) from
each other
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Table C.6 Least squâres means (standard error) of adjusted fat depth (mm) for
significant interactionsA

Male

Female

Male

Female

2001

2000 l.3u
(0.03)

l.6b
(0.03)

1.2"
(0.03)

]r7d
(0.03)

1.1u
(0.03)

l.4b
(0.03)

1.6'
(0.03)

1.gd
(0.03)

r.gu
(0.04)

2.2b
(0.04)

2.1"
(0.03)

2.6d
(0.03)

2.0u
(0.04)

2.gb
(0.04)
a aC
J.J

(0.04)

43d
(0.04)

Sex

2000

2001

2t

11

2l

11

22

i)

r.gu
(0.03)

1.gb
(0.05)

l.7b
(0.03)

1.5'
(0.03)

1.5"
(0.05)

1.6'

l.7u
(0.04)

l.6u
(0.06)

1.gb
(0.04)

2.9"
(0.03)

2.9"
(0.06)

2.9"
(0.04)

(0.03)

l.3u
(0.05)

l.2b
(0.03)

l.2b
(0.03)

l.2ub
(0.04)

l.2ub
.03

1.3

Tobr

Control

MPR

PCA

EWF

FM+

Control

MPR

PCA

EWF

FM+

2000

2001

l.2u
(0.05)

1.0b
(0.06)

1.1u"
(0.05)

1.lu'
(0.06)

1.0b'
(0.06)

l.6d
(0.04)

1.5'
(0.06)

1.5'
(0.0s)

1.6d"
(0.05)

]r7d
(0.06)

2.fb
(0.05)

1.9"
(0.07)

l.gbd
(0.06)

1.g'd
(0.06)

1.g'd
(0.06)

2.2u
(0.0s)

2.fb
(0.07)

2.0b
(0.06)

2.fb
(0.06)

2.2u
(0.06)

1.gu
(0.0s)

l.6b
(0.07)

7.7b
(0.06)

l.7ub
(0.07)

l.5b
(0.07)

2.9"
(0.05)

2.7d"
(0.07)

2.7"
(0.06)

2. g"dt

(0.06)

2.9"d
(0.07)

2.2u
(0.06)

1.gb
(0.08)

1.gb
(0.07)

l.gb
(0.07)

1.gb
(0.07)

^ âC
J.J

(0.0s)

3.2"
(0.08)

3.2"
(0.07)
â 

^CJ.J
(0.07)

aaCJ.J
(0.07)

FlockYear FAT4 FATs FATT FATS F'ATIO FAT13 FAT16

Within a cell means with no superscript or with a

from each other, Tobr : type of birth and rearing: 1l
cornmon superscript do not differ significantly (P > 0.05)
: single raised as single, 21 : multiple raised as single, 22

: multiple raised as multiple
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Table C.7 Least squares means (standard error) for adjusted eye muscle depth (mm)

at all ages for years and flocksA

V/ithin a cell means with no superscript or with a common superscript do not differ (P > 0.05) from

each other. Control: Control flock, MPR Measured performance records flock, PCA : Professional classer

assessment flock, EWF : Elite wool flock, FM+ : Fibre meat plus flock

Table C.8 Least squares means (standard error) for adjusted eye muscle depth (mm)

at all ages for sex and type of birth and rearingA

t6
months

25.7u
(0. r4)

25.30
(0. r 2)

26.
(01

25.3
(0..20)

25.4
(0. l e)

25.6
(0. r 8)

25.2

13

montbs
233b
(0. r2)

23.7u
(0.14) I 1

23.4 23.424.\u
l4 (0.1e)

23.3
(0.18)

23.2

10
months

22.40
(0. l2)

22.9u
(0.1 3)

23.2u
(0.14) (0. l e)0.

22.5 22.4
0.18(0.20)

22.5

8

months
20.20
(0. l2)

lg.gu
(0. l3)

16.3

0

t9.9

17.7u

I
20.6u

0.16)

(0.20)

19.6
(0
20.2u"

.2r)
16.

(0.1e)
t9

.21

t6r6.l
(0.23

7
months

17.f
(0.14)

15.gu
(0. r 5)

5

months
19.6u
(0.11)

19.40
(0. r 1)

18.

(0.11

18.1
(0.15)
18

(0.17)
r8.4

t7)
18.2

months
4 1g.3b

(0.r 1)

20.9u
(0.11)

20.0u
(0.12)

19.5b
(0. l7)

19.1"
(0.17)

lg.4Ô"
(0.1s)

19.50'
(0. r 6)

Year
20012000 Control MPR

Flock
PCA E\ilF FM+

&

I

16 months
25.9u
(0.10)

26.50
(0.10)

25.5u
(0.11)

25.7ub
(0. l 6)

25.9o
(0. l l)

13 months
24.7'
(0. r0)

23.2u
(0. r 0) 1

23.923.5
0.11 0.11

23
(0.1s)

22.7"
(0.10)

23.t"
(0.10)

23.6'
(0.10)

22.4u
(0.10)

10 months

8 months
19.4"
(0.11)

21.00
(0.1 1)

20.|u
(0.l 1)

20.5b
(0. l 6)

20.50
(0. r 1)

7 months
t6.7

(0.12)
16.8
(0.12)

1616.816.4u

5 months
18.0u
(0.t2)

19.70
(0. l2)

18.3
(0. l 1)

18.4
(0. l s)

18.4
(0.12)

4 months 20.f
(o.oe)

lg.6u
(0.09)

19.5
(0.09)

t9.6
(0. r 3)

19.4
(0.0e)

Sex
Female Male

Type of birth and rearing
11 2t 22

V/ithin a cell means with no superscript or with a common superscript do not differ significantly (P > 0.05) from
each other
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Table C.9 Least squares means (standard error) of eye muscle depth (mm) for
significant interactionsA

Male

Female

Male

Female

2001

2000 1g.gu
(0. l l)
1g.7r'
(0.11)

1g.gub
(0. r0)

19.4"
(0.10)

23.9u
(0.13)

2t.gb
(0.13)

23.3"
(0.12)

22.9d
(0. l2)

25.0u
(0. l2)

23.7b
(0. r 3)

24.6"
(0.12)

22.7d
(0.11)

Sex

2000

2001

11

2t

,)

11

2l

22

20.9u
(0.1l)

20.7u
(0.l e)

20.5u
(0.11)

l g.3b

(0.1l)

18.7'
(0.18)

l g.5b'
(0.11)

Tobr

Control

MPR

PCA

EWF

FM+

Control

MPR

PCA

EWF

FM+

2000

2001

1g.0ub
(0. l 7)

1g.6ub"d
(0.22)

l g.3"d'f
(0.1e)

1g.5btd'
(0.21)

l g.4"d"

(0.20)

19.0^
(0.1 s)

17.gf
(0.22)

19.0"f
(0.1e)

l g.2d"f

(0.20)

1g.7ub"
(0.20)

16.5ub
(0.22)

I 5.gb'd
(0.31)

15.g'd
(0.26)

15.gb"d
(0.27)

15.5d
(0.28)

17.9"
(0.20)

76.4ub"
(0.31)

17.o"f
(0.26)

16.9u
(0.21)

17.6"f
(0.21)

20.5ub"
(0.20)

lg.7d"
(0.28)

lg.7d"
(0.23)

l g.g'd"
(0.2s)

lg.6d"
(0.2s)

20.7ub
(0.18)

19.4"
(0.27)

20.lb"d
(0.23)

1g.g"d"
(0.2s)

20.9u
(0.26)

24.6u
(0.20)

23.7b
(0.26)

23.6b
(0.23)

233b"
(0.24)

233b"
(0.24)

23.7b
(0.17)

23.0"
(0.2s)

23.2b"
(0.22)

23.1b"
(0.23)

23.6b"
(0.24)

26.6u
(0.20)

25.9b
(0.28)

25.5b"d
(0.24)

25.2"d
(0.25)

25.4b"d
(0.2s)

25.6b"d
(0.l8)

25.0d
(0.27)

2s.f
(0.23)

253"d
(0.25)

25.9b"
(0.2s)

FlockYear EMD4 EMDs EMDT EMDS EMD1O EMD13 EMD16

ilrû
,i

!"rl

I

r

Within a cell means with no superscript or with a common superscript do not differ signihcantly (P > 0.05)

from each other, Tobr : type of birth and rearing: I I : single raised as single, 2l : multiple raised as single, 22
: multiple raised as multiple.
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¿l

C.2 PHENOTYPIC AND GENETIC CORRELATIONS FOR UNADJUSTED FAT
AND EYE MUSCLE DEPTH (MODEL 1)

Tabte C.l0 Phenotypic (above diagonal) and genetic (below diagonal) correlations
(standard error) between unadjusted fat depth at different ages

0.46
(0.021)

0.68
(0.127)
0.87

(0.0e8)

0.85
(0.0e6)

0.73
(0.102)

0.58
(0.128)

0.3s
(0.023)

0.3s
(0.023)

0.27
(0.025)

0.33
(0.024)

0.51
(o.ole)

1.03
(0.04s)

0.97
(0.05e)

0.89
(0.000)

0.25
(0.02s)

0.29
(0.024)

0.38
(0.022)
0.45

(0.021)

0.98
(0.04e)

0.91
(0.074)

0.22
(0.026)

0.33
(0.024)
0.33

(0.024)
0.42

(0.022)
0.46

(0.021)

0.25
(0.026)

0.29
(0.025)

0.30
(o.02r)
0.3s

(0.020)

0.39
(0.022)
0.47

(0.021)

0.91
(0.068)

0.58
(0.113)

0.64
(0.1 r l)
0.69

(0.0es)

0.41
(0. 1 18)

0.48
(0.113)

0.89
(0.073)

0.83
(0.0e2)

0.77
(0.10s)

0.59
(0.000)

0.93
(0.05e)

FAT4

FAT5

FATT

FATS

FAT1O

FATl3

FAT16

FAT4 FATs FATT FATS FAT1O FAT13 FAT16

Table C.11 Phenotypic (above diagonal) and genetic (below diagonal) correlations
(standard error) between unadjusted eye muscle depth at different agesrlrÈ

,l

,¡
l:

(0.061)

0.78
(0.080)

0.79
(0.086)

(0.04e)

0.57
(0. l 08)

0.75
(0.087)

(0.024)

0.93
(0.04s)

0.84
(0.072)

0.96
(0.03s)

0.97

(0.037)

0.78
(0.080)

0.79
(0.086)

(0.014) (0.017)

0.66
(o.0ls)

0.93
(0.043).043)(0EMD16

EMD13

EMD4

EMD5

EMDT

EMDS

0.92
(0.035)

0.82
(0.061)

0.78
(0.068)

0.84

0.94
(0.03e)

0.88
(0.0s3)

0.91

0.47
(0.021)

0.55
(0.01e)

0.72
(0.013)

0.46
(0.022)
0.52

(0.020)

0.64
(0.016)

0.70
(0.014)

0.44
(0.o22)

0.37
(0.024)

0.44
(0.022)

0.62
(0.016)

0.67

0.39
(0.023)

0.45
(0.021)

0.39
(0.023)

0.55
(0.01e)

0.600.98

0.94
(0.02e)

0.94

0.52
(0.020)

0.61
(0.017)

0.66
(0.015)

EMD4 EMDs EMDT EMDS EMD1O EMD13 EMD16

II
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C.3 PHENOTYPIC CORRELATIONS BETWEEN WEIGHT, ADJUSTED FAT AND
EYE MUSCLE DEPTH (MODßL2)

Table C.12 Phenotypic correlations (standard error) between live weight and adjusted

fat depth

Table C.13 Phenotypic correlations (standard error) between live weight and adjusted

eye muscle depth

."I

tr
il{

î

0.13

FAT4

F'AT5

FATT

FATS

FAT1O

FATl3

FAT16

-0.19
(0.021)

-0.15
(0.026)

-0.23
(0.027)

-0.28
(0.027)

-0.30
(0.026)

-0.25
(0.028)

-0.19

0.10
(0.030)

0.02
(0.030)

-0.22
(0.02e)

-0.36
(0.026)

-0.28
(0.027)

-0.24
(0.028)

-0.72

0.26
(0.02e)

-0.24
(0.028)

-0.36
(0.026)

-0.32
(0.026)

-0.22
(0.028)

-0.15

-0.23
(0.02e)

-0.34
(0.026)

-0.32
(0.026)

-0.16
(0.02e)

-0.14
003 .031

0.00
.033

0.35
(0.028)

-0.02

0.12
(0.032)

-0.28
(0.028)

-0.11
(0.030)

-0.09

-0.24
(0.030)

-0.07
(0.031)

-0.08

-0.11
(0.028)

-0.05
(0.02e)

-0.13
(0.030)

-0.15

-0.t2
(0.028)

-0.04
(0.02e)

-0.11
(0.02e)

-0.11
(0.031)

0.23

-0.t4
(0.027)

-0.08
(0.028)

-0.11
(0.02e)

-0.13
(0.02e)

-0.18
(0.030)

0.05

0.15

0.24
0

0.35

.028
0.42
.030

JJ

0.30
0.

0.23
0.

0.27
.032

-0.10
(0.02e)

0.02

-0.10
(0.02e)

0.0r
(0.030)

0.16

B\ü \il\il \ryT4 WT5 WT7 \ryT8 WT10 \ryT13 WTl6

0.58

0.09
(0.031)

0.79

0.06 0.08

0.

0.32
J

0.01

-0.20
(0.028)

-0.18
(0.021)

-0.21

-0.t2
(0.02e)

-0.04
(0.02e)

-0.05

0.11
(0.032)

0.09
(0.031)

0.05

-0.09
(0.02e)

-0.03
(0.02e)

-0.06

-0.07
(0.030)

-0.02
(0.030)

-0.05

0.07
(0.031)

0.08
(0.030)

0.04
0.0 0..030

0.13
031.031

0.31
(0.02e)

0.09
EMD16

EMDl3

EMD1O

EMDS

EMDT

EMD5

EMD4 -0.19
(0.026)

-0.11
(0.028)

-0.24
(0.027)

-0.26

0.26
(o.02e)

0.18
(0.030)

-0.11
(0.030)

-0.20

0.50
(0.023)

-0.06
(0.031)

-0.20

0.08
(0.02e)

0.r2
(0.030)

0.46

0.01
(0.02e)

0.28
(0.030)

0.13
(0.030)

0.10

-0.01
(0.028)

0.02
(0.030)

0.12
(0.030)

0.10

-0.06
(0.028)

-0.02
(0.02e)

0.05
(0.030)

0.040.08

.01

3

0.62

.024
0.51

0.72
0.01

o.t2
.025

0.46-0.03
(0.031)

-0.17

0.09
(0.030)

0.12

BW \ryW \ryT4 \ryTs WT7 \üT8 WT10 \üT13 WTl6

t
I
I

I
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Table C.14 Phenotypic correlations (standard error) between adjusted fat depth and
adjusted eye muscle depth

0.28
(0.025)

0.21
(0.02s)

0.17
(0.026)

0.2r
(0.02s)

0.20
(0.026)

0.17
.02

0.37
0.

0.21
(0.026)

0.18
(0.026)

0.2r
(0.026)

0.17
(0.027)

0.14

0.25
(0.026)

0.24
.025

0.40

0.28
(0.025)

0.27
(0.02s)

0.23
(0.026)

0.22

0.20
(0.026)

0.21
(0.026)

0.30

0.23
(0.026)

0.18
(0.026)

0.25
(0.025)

0.25

0.37

0.24
(0.026)

0.19

0.r7
(0.027)

0.19
(0.026)

0.19
(0.026)

0.17
(0.026)

0.26

0.21
(0.026)

0.19
(0.026)

0.24
(0.02s)

0.24
(0.02s)

0.25
(0.02s)

0.2s

0.40 0.25
0.

.022 .024

0.34
.023

0.27
(0.025)

0.23
(0.026)

0.18

.025

0.28
.025

0.24 0.33
0 .024

FAT4

FAT5

FATT

FATS

FAT1O

FAT13

FAT16

EMD4 EMDs EMDT EMDS EMD1O EMD13 EMD16

I
I

I
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Table C.15 Heritabilities (on
between live

phenotypic correlations (above diagonal) and genetic correlations (below diagonal) (standard error)
fat and muscle I

Bw

wr4

wt5

wt7

wt8

wrl0

Wtl3

wtl6

EmdT

Emd5

Emd4

EmdS

Emd
l0

Emd
l3

Emd
l6

Faf4

Fat5

FzlT

FatS

Fatl 0

Fatl 3

Fatl 6

0.03
(0 r s5)

0.20
(0.144)

0.02
(0. r 43)

0.03
(0.149)

0.04
(0. l 53)
-0.1 6

(0.1 62)
-0.10

(0.1 71)

0.70
(0 074)

0.69

i0.07e)
043

(0.1 l 6)
0.s3

(0.1 r 7)
0.49

(0. l 26)
0.41

i0. l 4e)
0.48

r:0.1 5l )

0;t3
(0.072)

0.74
(0.084)

0.52
(0.122)

0.66
(0. l 07)

0.60
(0.1 23)

0.45
(0.1 60)

059
(0. I s4)

0.63
(0.08s)

0.73
(0.078)

0.s6
(0.1 06)

0.72
(0.086)

0.62
(0.106)

0.59
(0. l 20)

063
(0 t22)

0.65
(0.0e2)

080
(0.071)

0.78
(0.06e)

080
(0 071)

0.73
(0.0e0)

0.71
(0.1 13)

066
(0. r 30)

-0.55
(0.r41)
-0.30

(0. r e4)
-0.25

(0.1 65)
-0.s0

(0.1 52)
-0.66

(0.1 r ó)
-0.53

(0.131)
-0.42

(0.140)

0.33
(0.1 35)

0.37
(0.166)

0.02
(0 1 8e)

0.12
(0. l e0)

0.30
(0.171)
-0.05

(0. l 80)
-0.05

(0 r 43)

0.34
(0 l 49)

0.41
(0. l 7s)

0.21
(0.20r )

0.28
(0.20s)

0.33
(0.1 95)

0.02
(0 l ee)
-0.10

(0. l 52)

0.05
(0. l s9)

0.34
(0.164)

0.28
(0. i 66)

0.38
(0. r 65)

042
(0.161 )

0.31
(0.1 6r )
-0.01

(0.142)

0.11
(0. l 67)

0.40
(0.1 ó9)

0.50
(0. r 44)

0.39
(0. l 70)

0.48
(0.181 )
050

(0. l 78)
0.05

(0. l s2)

0.34
(0.088)

024
(0. l e4)

0.26
(0.22s)

0.33
(0. l e2)

0.1I
(0.21l)

0.14
(0.208)

0.08
(0.21 7)

0.00
(0.222)

0.29
(0 217\

0.37
(0.024)

0.26
(0.074)

0.83
(0.078)

0.71
(0. l 1s)

0.41
(,r.1 86)

0.48
(0.172)

0.5 r

(0. l 73)
0.50

(0. l 79)
0.58

rc t72)

0.36
(0 023)

0.87
(0.006)

0.20
(0.067)

0.86
(0.071 )

0.62
(0. r s2)

0.69
(0.1 30)

0.63
(0. r 54)

0.56
(0.1 76)

0.67
(0. r 52)

0.30
(0.024)

0.76
(0.011)
08r

(0 00e)
0.28

(0.076)
0.82

(0.077)
0.86

(0.0ó8)
0.77

(0 Oee)
0.76

(0. l 06)
0.80

(0. r 03)

0.27
(0.026)

0.68
(0.01s)

0.72
(0.013)

0.78
(0.010)

0.24
(0.072)

1.00
(0.018)

0.92
(0.052)

0.93
(0.061)

078
(0.11l )

Bw ìùy'w Wt4 Wt5 Wt7 wr8 wtl0 wr13 wtl6
0.24
) 026)
0.64
).016)
0.69
).014)
0.75
).012)
0.86
).007)
0.26
).076)
0.92
).043)
0.91
).058)
082
) 090)

0.27
(0.026)

061
(0.017)

0.64
(0.0r s)

0.70
(0.013)

0.78
(0.010)

0.8s
(0 007)

0.24
(0.073)

0.95
(0.033)

0.83
(0.087)

0.25
(0.026)

0.57
(0 0l 8)

0.6r
(0.016)

0.68
(0 014)

0.7 4
(0.012)

0.80
(0.00e)

0.86
(0.007)

0.20
(0.068)

0.82
(0.087)

0.26
(0.02s)

0.58
(0 t72)

0.60
(0.017)

0.65
(0.01s)

0.69
(0.0r 4)

0.74
(0.012)

0.79
(0.010)

0.88
(0 006)

0.18
t0.064)

0.r3
). l 59)
0.43
). l 60)
0.51
).142)
0.51

l. l 45)
0.58
c.l6l)
0.61
0. l 60)
0.1 5

0. l 50)

0.01
(0. r 69)

0.28
(0. r 82)

0.35
(0.1 64)

0.33
(0 r7r)

0.26
(0. r 80)

0.36
(0. r 68)

0.1 3
(0. l s7)

-0.03
(0. 1 7e)

0.33
(o r 83)

037
(0.1 70)

03s
(0. l 77)

0.34
(0.1 8s)

0.44
(0. r 68)

0.09
(0.1 64)

-0.29
(0 216)

0.05
(0.238)

0.02
(0.212)

0.25
(0. r e7)

0.1 5

(0.206)
028

(0 r88)
0.11

(0. l 79)

0.61
0.101 )
0.77
0.082)
0.74
0.078)
0.79
0.064)
0.72
0.086)
0.70

0.1 08)
069

0. l 20)

0.47
(0. l 2e)

0.70
(0.0e4)

0.63
(o.oe8)

0.70
(0.087)

0.62
(0. r 03)

060
(0.r2r)

0.s9
(0. r 32)

0.45
(0. l 37)

0.72
(0.0e2)

0.60
(0. r 06)

0.68
(0.097)

0.58
(0.1 1 6)

0.58
(0.12s)

0.57
(0.1 34)

0.31
(0.1 67)

0.00
(0. l 34)

0.39
(0. l 4s)

0.49
(0.141)

0.41
(0.1 54)

0.36
(0. l 6s)

0.48
(0 r s4)

FaÍ4 Fat5 F¿17 FatS Fat10 Fatl3 Fatl6

-0.05
(0.027)

0.41
(0.022)

0.45
(0.021)

0.32
(0.024)

0.26
(0.02s)

0.24
(0.025)

0.21

(0.026)
018

(0.026)
0.1 5

(0.026)

-0.02
(0.026)

0.32
(0.024)

036
(0.023)

0.40
(0.022)

032
(0 024)

0.30
(0.024)

0.25
(0.025)

0.25
(0 025)

019
(0.026)

-0.05
(0.027)

0.20
(0.02s)

0.22
(0.02s)

0.27
(0.024)

0.44
(0.02r)

0.41
(0 022)
030

(0.024)
0.30

(0.024)
0.25

(0.02s)

-0.08
(0.027)

0.12
(0.026)

0.1 7
(0 025)

0.23
(0.025)

0.35
(0.023)

0.49
(0.020)

0.36
(0 023)

0.36
(0.023)

0.28
(0.024)

-0 12

(0.027)
0.09

(0.026)
0.10

(0.026)
0.14

(0.026)
0.2t

(0.025)
0.29

(0.024)
0.40

(0.022)
032

(0.023)
0.24

(0.02s)

-0 lt
(0.028)

00ó
(0.027)

0.08
(0.026)

0.17
(0.026)

0.21
(0.02s)

0.27
(0 024)

0.29
(0.024)

035
(0.023)

0.28
(0.024)

-0.08
(0.028)

0.10
(0.028)

0.12
(0.027)

015
(0.027)

0.19
(0.02't)

0.22
(0.026)

0.24
(0 026)

0.29
(0.02s)

0.33
(0.024)

0.43
(0.068)

091
(o 068)

0.58
(0.1 i3)

064
(0.1 1 1)

0.69
(0.0es)

0.41
(0.1 l 8)

0.48
(0.1 l3)

0.46
(0.021 )

0.23
(0.0s8)

0.68
(0 127)

0.87
(0.0e8)

08s
(0.0e6)

0.73
(0 l 02)

0.58
(0.1 28)

0.35
(0.023)

0.35
(0.023)

0.28
(0.0s7)

0.89
(0.073)

0.83
(0.0e2)

0 7'7

(0.1 0s)
0.59

(0.000)

0.27
(0.02s)

0.33
(0.024)

0.51
(0.0r e)

0.27
(0.0s8)

r.03
(0 04s)

0.97
(0.0se)

0.89
(0.000)

02s
(0.025)

0.29
(0.024)

0.38
(0.022)

0.45
(0.02 r )

0.29
(0.061)

098
(0.04e)

091
(0 074)

0.22
(0.026)

0.33
(0 024)

0.33
(0.024)

0.42
(0.022)

0.46
(0 02r )

0.37
(0.06e)

0.93
(0.05e)

0.2s
(0 026)

029
(0.02s)

0.30
(0.021)

0.35
(0.020)

0.39
(0 022)

0.47
(0.02 r )

0.40
(0.068)

0.78
(0 066)

0.52
(0.101)

0.53
(0.0e8)

0.45
(0. l 08)

0.4'7
(0. l 08)

0.38
(0.122)

0.49
(0 493)

0.73
(0.101)

0.6'7

(0. l 00)
0.63

(0.1 06)
0.66

(0. r 03)
0.6 r

(0.1r3)
0.56

(0. l 28)
0.49

(0. l 46)

0.54
(0.000)

0.64
(0.1 l 2)

0.79
(0.071 )

0.68
(0.0e5)

0.73
(0.094)

0.60
(0.1 1 8)

0-67
(0.1 1 7)

0.54
(0.000)

0.53
(0 129)

0'71
(0.0e3)

0.70
(0.090)

0.70
(0.0ee)

0.71
(0. l 05)

0.75
(0. l 08)

0.63
(0.rr8)

0.61
(0.1 20)

0.71
(0.0e7)

0.64
(0. l 04)

0.55
(0. l 10)

0.68
(0.r06)

0.73
(0.1 0e)

0.29
(0. r 38)

0.52
(0.122)

0.67
(0.100)

0.60
(0.1il)

0.55
(0 1 14)

0.73
(0.0e2)

0.70
(0.1 06)

0.33
(0.121)

0.23
(0. l 33)

0.39
(0.1 20)

0.37
(0.124)

0.48
(0.1 l 6)

0.57
(0. l 08)

075
(0 087)

Emd4 Emd5 EmdT EmdS Emdl0 Emdl3 Emdl6

0.09
(0.028)

0.62
(0.017)

0.67
(0.015)

0.59
(0.018)

0.s2
(0.020)

0.49
(0.021)

0.42
(0.023)

0.39
(0.023)

0.34
(0.024)

0.10
(0.02e)

0.s6
(0.019)

0.61
(0.017)

066
(0.01s)

0.56
(0.01e)

0.53
(0.020)

0.48
(0.02r )

0.46
(0.022)

0.41
(0 023)

0.03
(0.02e)

0.41
(0.023)

0.45
(0.022)

0.52
(0.020)

0.69
(0.014)

0.65
(0.016)

056
(0.ol e)

0.53
(0.020)

0-46
(0.022)

0.0r
(0.029)

0.37
(0-024)

0.42
(0.022)

0.48
(0.021)

0.61
(0 0r7)

073
(0.0r 3)

0.62
(0 0r 7)

0.59
(0.018)

0.51
(0 020)

0.03
(0.02e)

0.34
(0.024)

0.37
(0 023)

043
(0.022)

0.52
(0.020)

0.59
(0.018)

0.65
(0.016)

0.59
(0.018)

0.51
(0.020)

0.00
(0.028)
032

(0.024)
0.34

(0.023)
0.40

(0.023)
0.46

(0.021)
050

(0.020)
0.54

(0.01e)
060

(0.017)
0.54

(0 0le)

-0.01
(0.028)

0.30
(0 024)

0.33
(0.024)

0.31
(0.023)

0.43
(0.022)

046
(0 021)

047
(0.02r )
055

(0.01e)
0.59

(0 018)

0.57
(0.018)

0.43
(0.022)

0.30
(0.021 )

0.24
(0.022)

0.21
(0.026)

0.17
(0.027)

018
(0.o27\

039
(0.024)

0.50
(0.020)

0.33
(0.024)

0.28
(0.02s)

0.23
(0.026)

0.23
(0.026)

0.20
(0.02'7\

0.32
(0.025)

0.38
(0.023)

057
(0.018)

0.44
(0 022)

0.34
(0.024)

0.31
(0.02s)

0.28
(0.026)

0.27
(0.026)

032
(0.024)

0.46
(0.02r )

0.56
(0.018)

0.39
(0.023)

0.35
(0.024)

026
(0.026)

0.27
(0.026)

0.29
(0 02s)

0.37
(0.023)

0.41
(0.022)

0.51
(0.020)

0.37
(0.024)

0.29
(0.02s)

0.23
(0.026)

0.30
(0 025)

0.32
(0.024)

0.35
(0 023)
040

(0.022)
043

(0.022)
0.37

(0.024)

0.24
(0.026)

0.26
(0.02s)

0.32
(0.024)

0.34
(0 023)

0.33
(0.024)

0.36
(0.023)

0.45
(0.021 )

0.42
(0.070)

0.92
(0.035)

0.82
(0.06r )

078
(0 068)

0.84
(0.061)

0.78
(0.080)

0;t9
(0 086)

0.66
(0 0r s)

0.42
(0.074)

0.94
(0.03e)

0.88
(0.053)

0.91
(0.04e)

0.57
(0.108)

0;75
(0.087)

0.52
(0.020)

0.61
(0.0r 7)

0.47
(0.07s)

0.94
(0.02e)

0.94
(0.037)

0.78
(0.080)

0.79
(0.086)

0.47
(0 021)

0.55
(0.0r e)

0.72
(0.0r 3)

0.46
(0.076)

0.98
(0.024)

0.93
(0.045)

084
@ 072\

0.46
(0.022)

0.52
(0.020)

064
(0.016)

0.70
(0.014)

0.41
(0.073)

0.96
(0.035)

0.97
(0.043)

0.44
(0.022)

0.37
(0.024)

0.44
(0.022)

0.62
(0.016)

0.67
(0.0 r 4)

0.37
(0.07r )

0.93
(0.043)

0.39
(0 023)

045
(0.021)

0.39
(0.023)

055
(0.01e)

0.60
(0.017)

06ó
(0.015)

0.33
(0.07r)



Table C.l6 H
between live

eritabilities (on al), phenotypic correlations (above diagonal) and genetic correlations (below diagonal) (standard error)
usted and muscle odel 2

Bw

wt4

v/t5

wr7

wr8

wrl0

wrl3

wtl6

Fat4

Fat5

Fat7

Fat8

Fatl 0

Fatl 3

Fatl 6

EmdT

Emd5

Emd4

Emd8

Emd
l0

Emd
l3

Emd
't6

-0.66
(0.t22)
-0.41

(0. l 60)
-0.55

(0.1 l4)
-0.57

(0.111)
-0.10

(0 126)
-0.52

(0.122)
-0 57

(0 l17)

0.36
(0. l 38)

0.29
(0.1 so)

0.01
(0. l s7)
-0.11

(0.1 7l )
-0.08

(0 l 70)
-0.1 I

(0.1 70)
-0.06

(0.t72\

0.72
(0.073)

058
(0 r 0e)

002
(0. l 55)

0.03
(0. r 98)

0.05
(0 l e3)
-0 08

(0.1 ee)
0.05

(0.1 9s)

0.61
(0.087)

0.57
(0.r 01)

0.03
(0.1 73)

0.09
(0 r 65)

0.07
(0.161)

0.09
(0. r 63)

0.11
(0. r 66)

0.1 8

(0.1 71 )
0.30

(0. l 4s)
0.31

(0. l 35)
0.31

(0. r 87)
025

(0. l 80)
0.22

(0.r e0)
0.1 5

(0. r e6)

-0.74
(0.0e4)

-0.57
(0. r 47)
-0.58

(0.1 l 2)
-0 8l

(0 07e)
-0.86

(0.060)
-0.74

(o.o8o)
-0.63

(0 l 06)

-0.06
(0. l 58)
-0 16

(0 1el )
-0.55

(0.122)
-0 56

(01r5)
-0.37

(ri.133)
-0.57

(D.lls)
-0.29

(0 r 40)

0. 10

(0.1 84)
0.14

(0.224)
-0.48

(0.148)
-0.55

(0. r 37)
-0.34

(0 l 70)
-0.47

(0. l 54)
-0.39

(0. r 26)

-0.19
(0.1 6s)

0.06
(0 r e6)

-0.43
(0.1 3e)
-0.49

(0. l 34)
-0.27

(0. 1 s6)
-0.21

(0. r 5e)
-0.34

(0.122)

-0.38
(0.164)

-0.21

(0 216)
0.1 5

(0. l e3)
0.06

(0.210)
-0.38

(0. r 60)
-0.r2

(0. r 83)
-0.27

(0.160)

Table C.l2

Bw Ww Wt4 Wt5 V/t7 ¡r'18 Wr10 Wt13 Wr16

0.3s
r.I 52)
0.1 5

t.202)
0.r 8
).1 87)
0.21

). r 97)
0.28
, 16'7)
000
).1 8s)
.0.16

).1 65)

-0 48
(0. l s8)
-0.38

(0.207)
-0.36

(0.1 7s)
-0.48

(0. l 68)
0.1 7

(0. r 93)
0.45

(0. r se)
-0.1 9

(0 175)

-0 50
(0 1 6s)
-0.31

(0.21 8)
-0.33

(0 l 87)
-0 46

(0.1 83)
0.24

(0. l ee)
0.52

(0.1 55)
-0 24

(0. l 83)

-0.79
(0. r 70)
-0.59

(0.22s)
-0.58

(0. l 82)
-0.44

(0.201)
-0.45

(0.172)
-0.06

(0 le6)
-0 06

(0.203)

0.07
). l 75)
025
). l 48)
0.26
). l 3ó)
0.32
). l 66)
0.26
) 169)

0.21
1.1 81 )
0.1 8

r. l 86)

-0.1 8

(0. l 88)
0.1 3

(0 r e0)
0.1 6

(0.t77)
0.12

(0. r 73)
-0.04

(0.177)
0.31

(0. l 70)
0.12

(0.1 88)

-0.19
(0. l e7)

0.1 9

(0. r 93)
0.14

(0 r 8s)
0.09

(0.1 84)
-0 08

(0. l 88)
0.32

(0 176)
0.12

(0. l 99)

-0.46
(0. r e5)
-0.28

(0.213)
-0 24

(0.203)
-0.20

(0. l e7)
-0.22

(0.1 ee)
-0.r 1

(0 207)
-0.27

(0.200)

Fat4 Fat5 FatT FatS Fat10 Fat13 Fatl6

-0.19
(0 027)

010
(0 030)

0.35
(0.02e)

0.24
(0.029)
-0.10

(0.02e)
-0.10

(0.02e)
-0.1 r

(0.028)
-0.12

(0 028)
-0 14

(0.027\

-0 15
(0.026)

0.02
(0 030)

0.26
(0.02e)

0.27
(0.032)

002
(0.030)

0.01
(0.030)
-0 0s

(0.029)
-0.04

(0.029)
-0.08

t0 028)

-0.23
(0 027)

-0.22
(0.02e)
-0 24

(0.028)
-0.23

(0.02e)
015

(0.034)
0 t6

(0.032)
-0.1 3

(0.030)
-0.1 1

(0.02e)
-0.1 1

(0.029)

-0.28
(0.027)
-0.36

(0.026)
-0.36

(0.026)
-0.34

(0.026)
0.12

(0.032)
0.23

(0.033)
-0.15

(0.031)
-0 11

(0.031)
-0.13

(0.029)

-0 30
(0.026)
-0.28

(0.027)
-0 32

(0 026)
-0 32

(0.026)
-0 28

(0 028)
-0 24

(0.030)
0.30

(0.032)
0.23

(0.030)
-0.1 I

(0.030)

-0.25
(0 028)

-0.24
(0.028)

-0.22
(0 028)
-0.16

(0.029)
-0.1 I

(0.030)
-0.07

(0.031 )
0.35

(0.028)
0.42

(0.028)
0.05

(0.033)

-0.19
(0.028)
-0 t2

(0.02e)
-0.r5

(0.02e)
-0 14

(0.030)
-0.09

(0.030)
-0.08

(0.03 r )
-0.02

(0.032)
0.00

(0.033)
0.r3

(0 035)

0.49
(0.068)

0.99
(0.0s8)

0.74
(0 08e)

0.82
(0.088)

0.83
(0.072)

057
(0.0e7)

0.67
(0 089)

0.38
(0.022)

0.29
(0.070)

0-73
(0.1 1 7)

0.92
(0.0e0)

0.86
(0.08e)

0.74
(0 0e7)

070
(0. l 07)

0.36
(0.023)

029
(0.024)

0.31
(0.06s)

0.93
(0.070)

085
(0.084)

0.76
(0. l 03)

0.7 4
(0.1 03)

0.30
(0.024)

0.30
(0.024)

0.44
(0.02 r )

0.30
(0.067)

1.05
(0.039)

0.96
(0.060)

096
(0 067)

0.31
(0 024)

0.30
(0.024)

037
(0.023)

0.41
(0.022)

0.31
(0.068)

0.97
(0 056)

1.00
(0.058)

0.27
(0.025)

0.30
(0.024)

0.29
(0.024)

0.37
(0 023)

0.41
(0.022)

0.40
(0.074)

0.99
(0 043)

0.28
(0.025)

0.28
(0 025)

0.29
(0.024)

0.34
(0.023)

0.37
(0.023)

0.43
(0.022)

0.45
(0.07s)

0.79
(0 076)

0.66
(0.0e6)

0.66
(0.087)

049
(0. l 05)

0.51
(0. l 00)

0.43
(0.1 l2)

054
t0 105)

0.62
(0. l 2e)

0.59
(0.1 r 8)

0.s8
(0.1 1 6)

0.52
(0.124)

049
(0. l 25)

038
(0. r 36)

0.37
(0.142)

0.6 r

(0.124)
0.63

(0. r 20)
0.76

(0.084)
056

(0.1 l 8)
0.67

(0. r 05)
0.51

(0. l 2s)
0'73

(0. l 04)

062
(0.1 30)

0.46
(0 r40)

0.72
(0.0es)

056
(0.1 r 7)

0.67
(0 r 07)

0.63
(0.1 l7)

0.69
(0.1 l 5)

0.68
(0.121 )

0.55
(0. l 24)

0.72
(0.0e4)

0.56
(0.111)

052
(0. r 10)

0.60
(0.1l4)

072
(0. l0l )

0.46
(0.131)

0.50
(0. r 25)

0.69
(0.09s)

0s3
(0.1 r 5)

0.52
(0. 1 12)

0.66
(0.100)

0.66
(0. l 04)

0.60
(0.112)

0.34
(0 1 30)

058
(0.1 05)
0.49(0.1

1e)
0.59

(0. r 07)
065

(0. l 00)
0.78

(0 080)

Emd4 Emd5 EmdT EmdS Emd10 Emdl3 Emdl6

-0.19
(0.026)

0.26
(0 02e)

0.72
(0 0l s)

062
(0.017)

0.09
(0.030)

0.08
(0 02e)

0.01
(0.02e)
-0.01

(0.028)
-0 06

(0.028)

-0.11
(0.028)

0.1 8
(0.030)

0.s0
(0.023)

0.51
(0.024)

0.12
(0.030)

0.12
(0.030)

0.28
(0.030)

002
(0 030)

-0.02
(0.029)

-0 24
(0.027)
-0.11

(0.030)
-0 06

(0.031)
-0.03

(0.031)
046

(0.026)
0.46

(0.025)
0.1 3

(0.030)
0.12

(0.030)
0.05

t0.030)

-0.26
(0 026)
-0 20

(0.028)
-0.20

(0.028)
-0.1 7

(0.02e)
0.08

(0.032)
0.12

(0.034)
0.r0

(0.031)
0.10

(0.030)
0.04

(0.030)

-0.20
(0 028)

-0.12
(0.02e)
-0.09

(0 02e)
-0.07

(o 030)
0.07

(0.031)
0.11

(0 032)
0.06

(0.03s)
0.08

(0 033)
0.09

(0.031)

-0 l8
(0.027)
-0.04

(0.02e)
-0 03

(0.029)
-0 02

(0.030)
0.08

(0 030)
009

(0 031 )
0.31

(0.02e)
0.32

(0.030)
079

(0.010)

-0.21

(0 027)
-0.05

(0.02e)
-0.06

(0.02e)
-0.05

(0.030)
0.04

(0 030)
005

(0.030)
009

(0.03 r )
0.1 3

(0031)
0.58

(0.022)

0.40
(0.022)

0.28
(0.02s)

0.2t
(0.025)

0.17
(0 026)

0.21
(0.02s)

020
(0.026)

0.1 7
(0.026)

0.25
(0 025)

0.37
(0.022)

021
(0 026)

0.1 8

(0.026)
0.21

(0.026)
0.t7

(0.027)
0.14

(0 027)

0.25
(0.026)

024
(0.02s)

0.40
(0.022)

0.28
(0.02s)

0.2'7

(0 025)
0.23

(0.026)
0.22

(0.026)

020
(0.026)

0.21
(0.026)

030
(0.024)

0.34
(0.023)

0.27
(0.025)

0.23
(0.026)

0.r8
(0 027)

0.23
(0.026)

0.1 8

(0.026)
0.2s

(0 025)
0.25

(0.025)
0.37

(0.023)
0.24

(0.026)
0.19

(0.027)

0.1 7

(0.02'7)

019
(0.026)

0.1 9

(0.026)
0.17

(0.026)
026

(0.025)
0.28

(0 025)
0.24

(o 026)

0.21

(0 026)
0.r 9

(0.026)
0.24

(0 025)
024

(0.025)
0.25

(0.02s)
0.25

(0.026)
0.33

(0 024)

0.38
(0.06e)

0.91
(0.060)

0.89
(0.069)

082
(0.07e)

0.90
(0.062)

0.94
(0.066)

095
t0 067)

0-42
(0.022)

0.32
(0.06e)

0.99
(0.041)

0.82
(0.076)

0.85
(0 06e)

0.77
(0.0e1)

0.80
(0 083)

0.36
(0.023)

0.44
(0.022)

0.48
(0.078)

0.97
(0.037)

0.96
(0.04s)

0.88
(0 062)

0.95
(0.04s)

0.34
(0.024)

0.39
(0.023)

0.53
(0.0r e)

0.39
(0.072)

0.98
(0.033)

0.92
(0.0s8)

085
(0.073)

0.37
(0 023)

0.40
(0.023)

0.49
(0.02 r )

0.53
(0.0r e)

0.47
(0.077)

0-92
(0.0s3)

0.99
(0 035)

0.3s
(0.023)
038

(0.023)
044

(0-022)
0.46

(0.018)
0.50

(0 017)
0.41

(0.07s)
0.95

(0.045)

033
(0.024)
037

(0 023)
0.41

(0 023)

0.41
(0.01 e)

0.48
(0.018)

0.51

(0.01e)
0.4s

(0.078)



Table C.17 Genetic correlations (standard error) between growth rates using the
standardised differenceÄ

0.48
(0.42s)

0.85
(0.160)

MG

0.87
(0. l 38)

0.89
(0. l3 1)

0.74
(0.1s3)

0.89
(0.133)

WG

FG adi MG adjFG MG

A Standardised
gain, FG adj :

difference : see equation 5.1, WG weight gain, FG: fat depth

fat depth gain adjusted for weight gai4 MG adj : eye muscle depth
gain, MG:
adjusted for

eye muscle depth
weight gain
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Appendix D

D.l LEAST SQUARES MEANS FOR THE SELECTION DEMONSTRATION
FLOCKS FLEECE TRAITS

Table D.1 Least squares means (standard error) of fleece traitsA

Within a cell means with no superscript or with a conunon superscript do not differ significantly (P > 0.05 ) from

each other. Control Control flock, MPR: Measured performance records flock, PCA: Professional classer

assessment flock, EWF : Elite wool flock, FM+ : Fibre meat plus flock

Tabte D.2 Least squares means (standard error) of fleece traits for year by sex

interactionA

(0.s7)

(0.e7)

(0.61)

33.8
33.7
33.0

(0.s7)

(0.87)

(0.61)

87.7
88.8
87.7

19.8u

lg.gu
20.f

(0. lo)
(0. l4)
(0. l 0)

5.1u

4.gb

4.gb

(0.04)

(0.06)

(0.0s)
Tobr

11

2l
22

(0.57)

(0.5e)
33.8
32.8

87.7
88.5

(0.s7)

(0.58)
19.8
19.7

(0.10)

(0.10)

(0.04)

(0.04)
5.1u

4.6b
Sex

Male
Female

(0.82)

(1.00)

(1.01)

(0.es)

( l.03)

35.5u

30.9b

33.7u

34.5u

34.3u

98.4u

99.3"
g5.4b

gg.7u

g7.gub

(0.83)

( 1.16)

(1. l 6)

(1.0s)

(1.10)

(0.14)

(0.20)

(0.20)

(0. l 8)

(0.1e)

21.3u

19.1b

19.7"
19.5b"

19.lb

4.9"
5.2b

4.9^
5.3b

5.1ub

(0.07)

(0.0e)

(0.0e)

(0.08)

(0.1o)

Control
MPR

Flock PCA
EWF
FM+

33.7
33.9

(0.12)

(0.70)
88.1 (0.73)

88.5 (0.6e)
20.5u (0.12)

19.1b (0.12)
5.6u

4.7b

(0.06)

(0.05)
Year 2000

2001

SS (N/ktex)SL (mm)FD (pm)CF\ü (kg)

2000 2001

(0.12)

29.5b
(0.75)

(0.70)

35.7"
(0.6e)

2000 2001
--8&.z-t-s-

(0.72) (0.6e)

90.4b g7.gu

(0.74) (0.68)

2000 2001
--ml"----agf-

(0.12) (0.12)

2o.tb 19.5d
(0.12) (0.11)

2000 2001

(0.06)

4.gb
(0.06)

(0.0s)

4.5d
(0.0s)

Year

Female

Male
Sex

CFw (ke) SL (mm)FD (pm) SS (N/ktex)

Within a cell means with no superscript or with a coûrmon superscript do not differ significantly (P > 0.05)

from each other
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Table D.3 Least squ
by sex interactionA

ares means (standard error) of clean fleece weight (kg) for flock

o Meatrr with a common superscript do not differ signifrcantly (P > 0.05) from each other. Control Control

flock, MPR: Measured performance records flock, PCA : Professional classer assessment flock, EWF : Elite

wool flock, FM+ : Fibre meat Plus flock

Table D.4 Least squares means (standard error) of clean fleece weight (kg) for year

by flock by sex interactionA

4. 4. 4.6 4.
(0.0e)

43h
(0. l 3)

4.7"d"r
(0.1 l)
4.6"rs

(0. l 1)

4.618

(0.12)

4.48h
0.1 I 0.11 I

Male

Female

2001

5.6u 5 5.3 5.8u
(0.1r)
5.0'

5

(0.0e)

4.6d"rs

(0.13)

4.9"d"
(0.1 1)

5.0"

(0. l2)
4.6fs

0.13 l1 I 0.1

Male

Female

2000

Control MPR PCA EWF FM+SexYear

Flock

o Means with a common superscript do not differ significantly (P > 0.05) from each other. Control : Control

flock, MPR Measured performance records flock, PCA : Professional classer

wool flock, FM+ : Fibre meat Plus flock
assessment flock, EWF : Elite

4.9"b
(0.07)

43d
(0.07)

5.2"
(0.0e)

4.7u
(0.0e)

4.9"b
(0.0e)

4.7u
(0.0e)

5.3'
(0.08)

4.7u

5.10"
(0.10)

4.4d
(0.10)0e)

Male

Female
Sex

Control MPR PCA EWF FM+Flock
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D.2 PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN FLEECE AND
UNADJUSTED FAT AND EYE MUSCLE DEPTH (MODEL 1)

Tabte D.5 Phenotypic correlations (standard error) between fleece traits and
unadjusted growth traits (Model 1)

0.12
(0.028)

0.06
(0.02e)

0.11
(0.02e)

0.01

0.16
(0.028)

0.12
(0.02e)

0.13
(0.02e)

0.05

0.r7
(0.028)

0.24
(0.028)

0.23
(0.028)

0.11

0.23
(0.027)

0.24
(0.028)

0.26
(0.027)

0.20

0.21
(0.021)

0.22
(0.028)

0.21
(0.021)

0.19

0.24
(0.027)

0.24
(0.028)

0.22
(0.027)

0.15

0.23
(0.027)

0.24
(0.021)

0.21
(0.027)

0.10
.0260

FD

SL

SS

CFW

EMD

0.01
(0.028)

0.05
(o.02e)

0.04
(0.028)

0.04
(0.027)

0.02
(0.027)

0.10
(0.028)

0.10
(0.027)

0.03
(0.027)

0.07
(0.027)

0.20
(0.027)

0.16
(0.027)

0.12
(0.026)

0.r4
(0.027)

0.25
(0.026)

0.18
(0.027)

0.18
(0.026)

0.03
(0.028)

0.20
(0.021)

0.13
(0.021)

0.15

0.05
(0.02e)

0.20
(0.028)

0.12
(0.028)

0.14
(0.026)

0.06
(0.02e)

0.20
(0.028)

0.11
(0.028)

0.10
(0.026)(0 026)

CF.w

FD

SL

SS

FAT

4 5 7 8 10 13 16Age
(months)

Table D.6 Genetic correlations (standard error) between fleece traits and unadjusted
growth traits (Model l)

SS

SL

FD

CFW

EMD

-0.11
(0.148)

0.07
(0.1 30)

0.35
(0.t24)
0.26

(0.1 63)

-0.26
(0.143)

-0.15
(0. l 33)

0.08
(0.146)

0.05
(0. r 88)

-0.15
(0.rsl)
-0.01
(0. l 35)

0.18
(0.142)

0.22
(0. l 73)

-0.15
(0.144)

0.21
(0. l20)
0.28

(0.127)

0.16
(0. l 66)

-0.14
(0.1 50)

0.05
(0. l 34)

0.28
(0. l 32)

0.26
(0. l 66)

-0.18
(0.1se)

0.08
(0.136)

0.31
(0.140)

0.16

-0.10
(0. l 62)

0.14
(0.140)

0.27
(0.14e)

0.06
(0. l e6)181)(0

0.01
(0.212)

0.09
(0.181)

-0.07
(0.173)

0.3 r
(0.r74)

0.34
(0.171)

0.26
(0. l 7e)

0.11
(0.1 83)SS

CFW

FD

SL
FAT

-0.25
(0. I 3s)

0.00
(0.12 r )
-0.02

-0.44
(0.1 67)

-0.20
(0. l 55)

-0.02

-0.48
(0.17 1)

0.27
(0.143)

0.11

-0.20
(0.173)

0.42
(0.1 30)

0.32
t^ 7 A1\

-0.t2
(0.1s4)

0.4r
(0.127)

0.25
/ô 1¿{\

-0.22
(0.146)

0.19
(0.131)

0.25
ln 1 ?R\

-0.18
(0. r4l)
0.30

(0.128)

0.21
lo 141\

Age
(months)

10 13 16754 I
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D.3 PHENOTYPIC CORRELATIONS BETWEEN FLEECE, WEIGHT AND
ADJUSTED FAT AND EYE MUSCLE DEPTH (MODEL 2)

Table D.7 Phenotypic correlations (standard error) between fleece traits and

adjusted growth traits (Model2)

-0.06
(0.028)

0.05
(0.028)

0.05
(0.028)

0.01
(0.026)

-0.03
(0.02e)

0.18
(0.028)

0.12
(0.02e)

0.09
(0.027)

-0.02
(o.02e)

0.12
(0.02e)

0.10
(0.028)

0.08
(0.027)

-0.06
(o.o2e)

0.t2
(0.02e)

0.11
(0.028)

0.04
(0.027)

-0.04
(0.028)

0.06
(0.028)

0.03
(0.028)

0.03
(0.027)

-0.05
(0.02e)

0.13
(0.028)

0.13
(0.028)

0.12
(0.021)

-0.06
(o.o2e)

0.11
(0.02e)

0.10
(o.o2e)

0.11
(0.027)

CFW

FD

SL

SS

EMD

-0.11
(0.028)

0.05
(0.02e)

-0.02
(0.02e)

0.0s
(0.027)

-0.09
(0.028)

0.06
(0.028)

0.04
(0.028)

0.02
(0.027)

-0.07
(0.028)

0.74
(0.028)

0.05
(0.028)

0.09
(0.026)

-0.15
(0.028)

0.12
(0.028)

0.05
(0.028)

0.10
(0.026)

-0.11
(0.02e)

0.r3
(0.02e)

0.05
(0.028)

0.09
(0.027)

-0.11
(0.02e)

0.13
(0.02e)

0.05
(0.02e)

0.07
(0.027)

-0.07
(0.028)

0.17
(0.027)

0.09
(0.028)

0.13
(0.026)

CF\ry

FD

SL

SS

FAT

0.27
(0.028)

-0.07
(0.030)

0.01
(0.02e)

-0.02
(0.021)

0.30
(0.026)

0.03
(0.02e)

0.10
(0.028)

-0.01
(0.021)

0.30
(0.02s)

0.03
(0.028)

0.11
(0.027)

0.01
(0.026)

0.27
(0.027)

0.r2
(0.028)

0.17
(0.027)

0.04
(0.027)

0.29
(0.026)

0.r7
(0.027)

0.24
(0.026)

0.07
(0.026)

0.36
(0.026)

0.2r
(0.027)

0.26
(0.026)

0.16
(0.026)

0.37
(0.026)

0.20
(0.021)

0.23
(0.026)

0.77
(0.026)

0.40
(0.025)

0.23
(0.021)

0.23
(0.026)

0.15
(0.026)

0.43
(0.023)

0.22
(0.028)

0.21
(0.026)

0.11
(0.026)

cF\ry

FD

SL

SS

WT

Birth Weaning 4 5 7 I 10 13 16
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GE\ETIC PARAMETERS FOR WEIGHT, F.A,T AND EYE NIUSCLE DEPTH IN SOTJTH
AUSTR..\LIAN NIERINO SHEEP

V. IvI. Ingham', R. W. Ponzoni2, A. R. Gilmourr and !\'. S. Pitchfordl
rLivestock Systems Allii¡nce, Adelaicte University, Roseworthl' SA 537 I

2Liuesiock Sl,stems Alliance. SARDt. Roseworthy SA 5371 .

Current address: WorldFish Cenrre PO Box 500 GPO. 10670 Penang. MALAYSIA
rNSW Agriculture. OAI, Forest Road, Orange NSW 2800

SUNTMARY
Dat¿ from the SARDI Selection Demonstration Flocks were used to estimate heritability of and
genetic correlations between live weight, fat depth and eye muscle depth at fìve months of a,ee under
an animal model. Two models, with and without weight adjustment, were used for fat and eyc
muscle depth. Heritabilit¡,estimates were 0.28 (0.08),0.26 (0.06) and 0.35 (0.07) for weight,
adjusted fat and adjusted eve muscle depth. respectively. Phenotypic con'elations ran_qed from 0.27
to 0.66 and genetic correlations ranged from 0.16 to 0.73. The estimates reported here are similarto
those previously reported for other sheep breeds. This sue_gests that sufficient genetic r,'ariation exists
to enable selection to improve these traits for Merinos. Moderate heritabilities and correlations lor
weieht adjusted traits suegest that there is potential for improvement in fat depth and eye muscle

shape in Merinos. The similarity of these estimates to those reported for other sheep breeds indicates
that selection used for meat breeds may be directly applicable to. or easily adapted for Melinos.
Keyrvords: Merino. sheep, selection, herirability, correlarion

INTRODUCTION
iVferinos have traditionall.,,been selected for wool. Recent trends in wool and lamb prices, have

increased the proportion of producer's income derived from lamb, and therefore a _qreater emphasis

has been placed on growth and carcase attributes (Clarke et uL.2002; Davidson et al.2002; lngham
and Ponzoni 200t; Safari et al.200l). Parameter estimates are widely ai,ailable for fleece traits and

weight traits at birth, weaning and older ages (Ponzoni and Fenton 2000). Horvever tllere are few

genetic parameter estimates of weight traits between weaning and yearling ages. and fewer estimales
of carcase traits at any age for Merinos. lt is important for the further development and propel use of

the Merino as a dual-purpose breed that the gaps in our knowledge of the interactions between rveight

and carcase traits be filled. An intensive schedule of wei_eht and live carcase meâsurement has been

carried out as part of the SARDI Selection Demonstration Flocks Project. This study plesents genelic

parameter estimates from the five month data obtained from these flocks.

MATERIALS AND METHODS
Animals. The 176 I lambs studied were from the 2000 and 200 I drops oi SARDI Selection

L)emonstr-atlon l'locks (Ponzoni et a\.20001' lngham and Ponzoni 2rJ0 I). 'Ì'hel'were weaned ¿t[ lnrüt

months of age ancI measured at five months of age for body weight, ultrasoilic fat and eye musclc

clepth (over the l2'h rib. C site) by a Lambplan accreditecl scanner. There was no pedigrcc

information available for the 86 sires and 1045 dams of the lambs. Table I shorvs the number of

recolcls available, the mean and the standard deviation for each of the traits.
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Statisticut anal-vsis. Preliminar';- analyses ro derermine the iixecl eltects included in the model wel'e

carl-ied out using univariiÌte analysis with ASReml (Gilmour et ul. 1999). Phenotypic and genetic
cotrelationl; were estimated using multivariute analysis. Fat and eve muscle clepth were anal1,'sed

rvith and rvithout adjustnrent tbr botiy rveight. The base model included lixecl elfects for yerr ol
birth, flock, sex, age ol dam (aod) and type of birrh and reuing (tobr). A_ce fiued as day of birrh
(dob) rvas included as a linear covariate. Interactions t'itted for all traits were: year x sex, yelr x

tìock, year x tobr, sex x dob and tobr x dob. The e,rtended model used lol lat and eye muscle depth
included separate 

"veight 
resressions fbr each sex. An animal term was fined allowin_e optimal

unùlysis oi u tìnite, selected population. A dam term lvas inclLrded ùs a random etfect for weìghr bur
rvas negligible and dropped from the linal models for tar or eye muscle deprh.

Table 1. Number of records available, simple means, standard deviations (s.d.) and range for
rveight (kg), fat and eve muscle depth (mm)

Trait No. of records Simole meln s.d. Ranse

Weighr
Firt depth
Eve muscle depth

t'761

r 657
r 657

J l.ò

t.4
18.9

ó.33

0.59
3.08

t-1 - 56

0.5 - 3.5
r0 - 28

RESULTS AND DISCUSSION
Fixed effects. Weighr. There was a signiiicant linear increuse in rveight associated with age of di¡m
(Table 2a). Sex also had a major impact on rveighr with rveight of males being greeter than tèmales.
This difference was srcuter in 200 I dlop lambs than in 2000 drop lambs (Table 2a). The re-sression
on ase was higher for males than females und hieher for sinele born lambs than trvins. anci tbr single
reared trvins than trvin reared ttvins (Table 2b).

Fa¡. Sex had a major impact on latness interacting signiticuntlv rvith rveisht. tobr ûnd velr. Femlles
rvere fatter than males and more so in the 200 I drop than the 2000 drop (T¿rble 2a). The regression
on rveight rvas hieher fbr lemales than tbr males. The regression on ase \,vas higher tbL ièmirles thrn
for males and hieher tbr ¡rvins than sinele born lambs. and lor single reared trvin lambs than tbr trvin
reared trvin tambs (Table 2b)

Eve muscle clepth. There rv'.rs a significant linexr decline in eve muscle depth assocìuted rvith age of
dam (Table 2a). Sex also hud a major impact on eve muscle depth rvith muscle depth being less tbr
tèmales and the dit'f,erence being greater in the 200 I drop lambs than the 2000 drop lambs (Tlble lir).
The regression on rveisht rvas lorvel for tèmules than lor males. horvever the pattern in iìge
resressions for sex and tobr r,vas similar to that iol'Tût.

Heritability. The herirabiliry estimares rvere 0.2S (0.08) tbr rveishr.0.26 (0.07) lor lar ucljusted tor

"vei-sht 
and 0.35 (0.07) f,or eve muscle deprh adjusied lor rveighr (Tuble 3). There is a paucit.v- o[

estimates tbr post rveanins rveisht reported lor VIerinos. Horvever the litelature indicutes that
heriubility ol rveisht -uenerully increases rvith ace. Fogart.v- (1995) reports ranges in heritabiìitv ol
ueuning rveight tbr \lerinos lrom 0.01] to 0.41 and post wernin-u rveisht in dual purpose breeds oI
0.03 to 0.-19. Our estimate is consistent ',virh these values. The verv smull mater¡al cenctic ettect

).
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estimated for weight (0.04 SE 0.04) ri'as not signiliciìnt (P>0.05). There ale also f'eu,estimares ol
cArcase traits fbr Australian Merinos. Safari ¿l ul. (2001 ) r'eported heritabilities of 0.20 and 0.27 tbr
rvei,cht adjusted fat <1epth (C site). and eye muscle depth lespectivell', measured in slau_shtered l7
month old rams. Davidson et al. (2002) reported heritabilities oi 0.28 (0.07) and 0.23 (0.07) for
rvei-qht adjusted fat and eye muscle depth measuled in the live animal at l6 months of a-ce. Estimates
from this study are in agreement u'ith these for fat depth but are -ereater for eye muscle depth and are

measut'ed in much younger animals. Adjusting iat depth for weight had little effect on the heritabilirv
but reduced that oleye muscle depth by 0.06 due to a,sreater reduction in the genetic variance.

Table 2a. Predicted year x sex meâns. rveight x sex regression coefficients and age of dam (aod)
regression coefflcients for *'eight. fat and eye muscle depth

Weicht Fat depth Eve muscle depth

aod 0.42 -0.07 (0.03)
weight M

F

0.03 (0.002)

0.04 (0.002)
0.30 (0.0 r)
0.28 (0.0 i )

year 2000 M
F

33.3 (0.3 r)
29.8 (0.32)

r.28 (0.03)

t.43 (0.03)
r8.8 (0. r r)
r8.7 (0.1 I )

200 r M
F

34.5 (0.30)

30.1 (0.30)
r9.l(0.r0)
r 8.6 (0. r0)

r .29 (0.03 )

r.62 (0.02)

Table 2b. Regression coefhcients of rveight, fat and eye muscle depth on age (acijusted for
rveight), for sex, and type of birth and rearing (tobr) classes

Weishr Fac depth Eye muscle depth

tobr I I 22 tl 22 2l 22 2lil il
ñi
JrÈ

,I
Ìvf

0.308
(0.0r0)

0.002
(0.00 r)

0.003
(0.001 )

0.008
(0.00 r)

0.02'7
(0.005)

0.212
(0.010)

0.327
(0.0 r0)

0.004
(0.005)

0.0 r3
(0.005)

F
0.260

(0.010)
0.280

(0.0r0)
0.008

(0.00 r )

0.010
(0.00 r )

0.0 r4
(0.003)

0.030
(0.005 )

0.053
(0.005 )

0.225
(0.010)

0.039
(0.005)

Correlations. Phenotypic correlations between weight and fat depth were moderate without weight
adjustment but were lorver with adjustment (Table 3). Genetic correlations were lower than

phenotl'pic for both models. Correlations between rveight and eye muscle depth rvere moderate lo
high but follorved the same trend as rveight and fat conelations when weight adjustment was included
in the model. Correlations bet*,een fat and eye muscle depth were moderate to hi_ch. All estimates
lit within reported ranges for other breeds (Fogarty 1995). These estimates suggest that selection for
an increase in an¡r of these traits, for example weight. will result in an increase in the othel t\\'0

component trarts.

3Ì1
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Table 3. Phenotypic variances, heritabilities (on diagonal), correlations (above the diagonal)'

and genetic correlations (belorv the diagonal) betrveen body rveight, fat depth and eye muscle

depth at 5 months of age (+ se in brackets)

Trait lvlodet
Phenotypic
Variance

Weight Fat depth
Eye muscle

deoth

t

2

t7.9 0.28 (0.08) 0.40 (0.02)

0.27 (0.03)
0.66 (0.02)

0.51 (0.02)Weight

0.215
0.1 40

0.34 (0. r6) 0.23 (0.06)

0.26 (0.07)
0.50 (0.0,1)

0.36 (0.02)Fat depth
t

2 0.16 r0. r 8)

Eye muscle
depth

t

2

3.82
2.93

0.73 (0.08) 0.67 (0. r0)
0.60 (0.12)

0.42 (0.07)

0.35 (0.07)0.57 (0 r0)

CONCLUSIONS
This small group ol'new'parameters is encouraging tbr ìVlerino breedels and producers as the

moder¿ite heritabiliries ancl positive conelations betrveen i¡ll traits suggests that enough genetic

variation exists to enable selection to improve these traits. ivloderate heritabilities and conelirtions

for rveight adjusted traits suggesr rhat there is potential tbl improvement in tit depth and e1"e muscle

depth in ìvlerinos. The similarity of these estimates to those reported lor othel sheep breeds indicates

that selection indicies used for meùt breeds may be directly applicable to. or easily manipulateC tbr

lvlerinos. fvlo|e work should be carried out to determine interactions between rvool. grorvth and

carcùse traits tbr' ìVlerinos.
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