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Chapter 1  Introduction 

 
“Although there is no unanimity on the relative desirability of different traits, it is 

generally accepted that the best Merino sheep grow a heavy fleece with a high yield, a 

long staple, and of a fineness suited to the district. Body weight may be desirable, 

especially if a large proportion of income is derived from sale of surplus sheep to the 

meat trade” (Morley 1955). In more recent times, anecdotes indicate producers were 

selecting against high fleece weight ewes because it was felt that those types of sheep 

were ill-suited to harsh conditions (Adams et al. 2006a). Such Merinos were thought 

to be heavier in clean fleece weight (CFW), but seemed more likely to be non-

pregnant or the ones most likely to die during drought. Certainly lamb marking rates 

in the more arid regions are the lowest within each state (Rose 1987). The concerns 

surrounding the sustainable production of high CFW Merinos have prompted 

investigations into understanding their metabolism and physiology, particularly 

nutrient partitioning. 

 

Dun (1964) defined constitution as the sheep’s ability to survive, produce, and 

reproduce under harsh environmental conditions and more recently the term fitness 

has been used in a similar way. Literature focussing on the fitness of the Merino has 

identified metabolic changes associated with selection for CFW that affect nutrient 

partitioning. Much of this understanding (Adams et al. 2006a; Bermingham et al. 

2004) has come from studies of non-pregnant Merinos using housed and selected 

genotypes. Studies of high CFW sheep have shown them to be leaner (Adams et al. 

2005), with lower plasma glucose and insulin (Adams et al. 2004b), and higher 

growth hormone and free fatty acid concentrations (Adams et al. 2006a). Sheep with 

similar metabolic conditions are considered undernourished (Sosa et al. 2006). 

 

The perceived strength of the Merino in the variable Australian conditions is its 

ability to survive. It seems a re-evaluation of the fitness of the Merino by Adams et al. 

(2006b) and Olivier et al. (1998) is at odds with this historical perception and the 

extensive utilization of the breed (Snyman and Herselman 2005). However, the net 

reproduction of adult high CFW ewes seems to be consistently, but only marginally 

lower than those with lower CFW, although this is not apparent in terms of 

differences in weaning rates except possibly in poor years for reproduction (Piper et 
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al. 2007). It also appears that the likelihood of high CFW ewes being non-pregnant 

after exposure to rams is higher (Barlow 1974; Kennedy 1967), although this may be 

compensated by an increased twinning rate (Barlow 1974). Perhaps such biological 

limitations are already implicitly recognised by graziers as underutilisation of pasture 

growth is a commonly adopted as a risk management tool (Alcock 2006). 

 

Where CFW selection brings about metabolic changes, then effects on meat quality 

may also occur, via nutrient partitioning and these need to be quantified. Reductions 

in body fat may be a carcase benefit, but perhaps at the price of meat quality through 

deleterious energy expenditure pre- or post-slaughter (Pethick et al. 2005a). In this 

regard the Merino is at particular risk as it suffers from a high pH syndrome (Hopkins 

and Fogarty 1998) and for some cuts of meat display less colour stability and in some 

instances have been shown to have reduced eating quality (Hopkins et al. (2011). 

 

Adams et al. (2005) recommends that breeding objectives for Merino sheep take into 

account the fitness of highly productive animals particularly in harsh environments. 

These authors identified potential limitations and additional costs associated with 

improving the fat content of high CFW sheep, through either low stocking rates or 

greater supplementation. Possibly of most relevance to the commercial Merino 

producer is how the potential relationship between CFW and fatness is expressed 

among breeding ewes in commercial conditions. There is a deficit of literature that 

specifically focuses on the relationships (correlations) between wool, meat and 

reproduction. Where data are presented, there are few estimates for accurate genetic 

evaluation for targeted breeding (Safari et al. 2005a), with particular reference to the 

correlations with other economically important traits. 

 

This thesis addresses the following aspects in relation to the current theories: 1) the 

correlated phenotypic responses to selection associated with CFW, 2) the importance 

of nutrition on the relationship with CFW, and 3) the implications of these findings 

for reproductive success and meat quality. 
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Chapter 2  Review of the literature 

 

The reported differences between sheep of high or low clean fleece weight (CFW) are 

sourced from studies using Merino genotypes and metabolic studies that used animals 

divergent for CFW estimated breeding value (EBV). The metabolic differences 

between sheep of high or low CFW are a reflection of the genetic differences 

underlying the physiology of these animals, but may also be phenotypic. It is 

important to distinguish between genetic and phenotypic relationships because the 

commercial Merino producer largely operates with the phenotype. This review will 

touch on both genetic and phenotypic relationships, but will more heavily emphasise 

the phenotypic consequences. 

 

2.1.1 Why clean fleece weight is important 

Together fleece weight and fibre diameter account for 90% of the value of a fleece 

(Coelli and Atkins 2000;Taylor and Atkins 2000), thus breeding and selection favour 

these traits because of their contribution to profitability. The breeding of Merino 

sheep for heavier fleece weight is successful because of its high heritability (Safari et 

al. 2005a; Safari et al. 2005b) and the ease of measurement. The monitoring of long-

term fleece weight selection flocks has provided good estimates of correlated 

responses and shown that responses to selection can continue over the long term 

(Cloete et al. 1998; Hatcher and Atkins 1998; Turner et al. 1972). However, creating 

change in one direction can result in changes of other parameters associated with the 

trait under selection. Therefore, it is important to be “certain of the real desirability of 

the characteristics” under selection (Morley 1955). 

 

In past decades when wool was the dominant contributor to income, the notable 

consequences of selection for CFW were changes in fibre diameter, fibre density and 

staple length (Barlow 1974), increased body wrinkle (Dun 1964) and decreased crimp 

frequency (Barlow 1974); while practical consideration given to growth and 

reproductive efficiency was not necessary because of the size of the national flock. 

Young et al. (1990) found that when the national flock was nearing its peak 

population size, increasing reproduction was only profitable if the cost per unit 

increase was low. However, with the increasing interest in dual purpose production 

from Merino sheep it is likely that both meat and reproduction traits will become 
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increasingly important, as predicted by Dun (1961) and more recently by Warn et al. 

(2006). The contribution of wool to the proportion of total income between 1990-91 

and 2001-02 fell from 90% to 60%, while income from sheep meat grew from a trivial 

10% to nearly half (40%) of the income (Banks 2002). The price trends for meat 

versus wool clearly encourage wool growers to re-think the importance of wool to 

their profit and it seems likely that there will be changes to the flock structure and 

breeding strategies in response. However, Snyman and Herselman (2005) reaffirmed 

that the profitability of the Merino, in South Africa lies in its return per hectare. In a 

comparison with two meat breeds, the Dorper and Afrino, Merinos generated the 

highest gross income per hectare because of their comparatively lighter body weight 

and heavier fleece (Snyman and Herselman 2005). 

 

The desire of sheep breeders to change the genetic makeup of their flock is driven by 

price signals that can change quickly. However over a prolonged period of time, CFW 

has remained a dominant trait with the consequence that considerable selection 

pressure has been applied. 

 

2.1.2 The components of clean fleece weight 

CFW is the total amount of raw wool fibre grown by an animal and is a composite 

trait. Numerous component traits contribute to the accumulated clean weight of fleece 

and include staple length, skin area, wool production per unit of skin area, skin fold, 

wool production per follicle, follicle density, fibre diameter and yield (Cloete et al. 

1998; Williams 1979). Thus, as selection for increased CFW occurs, changes in a 

number of component traits are possible. The largest changes arise from increases in 

fibre density, fibre diameter and staple length (Barlow 1974), which are supported by 

increases in the activity of the skin, where protein metabolism is enhanced. The rate 

of uptake of amino acids by the cells of the skin is higher among high CFW sheep 

(Harris et al. 1993) and the skin of high CFW sheep has also been shown to possess 

greater rates of protein turnover and lowered rates of protein degradation (Li et al. 

2006a; 2008). Bray et al. (2005) suggested that sheep with a high wool growth rate 

EBV are either more efficient at extracting sulphur from plasma, or their follicle 

processing rates are more efficient. However, the demand for protein, or efficiency of 

protein extraction cannot be met without potential impact on other organs in the body 
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(Adams et al. 2000), including fatness and associated components of reproduction 

(Lee et al. 2002; Safari et al. 2005a). 

 

The most important consequence of selection for CFW is that fibre diameter 

increases, which is economically significant because increases in fibre diameter 

reduce the value of wool. Breeding objectives that aim to reduce fibre diameter, while 

not permitting CFW to reduce may result in increases in follicle density and fibre 

length, which Adams and Cronje (2003) considered led to reduced liveweight and 

subcutaneous fat, while also reducing reproduction rate. Therefore, the correlated 

responses of trait selection require appropriate attention in breeding and selection 

programs. 

 

2.1.3 Some correlated responses to clean fleece weight selection 

High CFW Merinos are more likely to be leaner and Adams et al. (2004a; 2006) 

reported that this is particularly apparent when the animals are offered low quality 

feeds. The genetic correlation between CFW and fat depth (ultrasound fat depth above 

the loin at the 12th rib, FatC) is reported to be -0.29 for Merino hogget wethers and -

0.16 in adult wethers (Lee et al. 2002). The most recent review of parameter estimates 

by Huisman and Brown (2009) continue to report weak negative genetic (-0.11) and 

phenotypic (-0.03) correlations with CFW and fat depth, which support their earlier 

findings (Huisman and Brown 2005). Such reductions in body fatness might 

otherwise be expected to have favourable carcase quality outcomes (Fogarty et al. 

2003). However, the reductions may also contribute to lower rates of reproductive 

efficiency (Adams and Briegel 1998), because fertility in adult ewes increases 

concomitantly with fatness (Oldham and Thompson 2004). The net effect of CFW 

selection could be reductions in the number of lambs weaned, by up to 10% (Adams 

et al. 2005). Forty years ago, Turner et al. (1972) recommended that breeding 

objectives should include the number of lambs weaned per ewe joined. That 

recommendation was made despite not finding significant reductions in the number of 

lambs weaned between CFW selection lines, and was based on findings of Young and 

Turner (1965), who showed that despite low genetic correlations increases in the 

number of lambs born can occur following selection for reproduction and CFW. 
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Selection for CFW can also result in changes in blood flow to the skin (Hocking 

Edwards and Hynd 1991; Hocking Edwards et al. 1992), adrenal glands, fat, thyroid 

glands, reticulum, rumen and non-wool bearing skin extremities (Hales and Fawcett 

1993). In Romneys selected for increased fleece weight, Harris et al. (1993) showed a 

similar trend for blood flow per unit weight of skin, the high CFW animals having a 

lighter weight of skin per unit area. Another unusual indirect consequence of CFW 

selection is an increase in water intake (Faichney et al. 1998), but responses in feed 

intake are varied. Fogarty et al. (2009) reported that there was no genetic correlation 

between CFW and feed intake, but there was a small positive phenotypic relationship 

(0.07-0.11), while others have found no genetic association between CFW and feed 

intake (Faichney et al. 1998; Lee et al. 2002; Williams 1979). The improvements in 

wool growth stem from changes in protein metabolism in the skin, which is supported 

by an increase in blood flow and small phenotypic increases in feed intake. The net 

effect appears also to have reduced body fat in the Merino, which also has negative 

consequences for reproduction. How the selection for increased CFW has affected the 

biology of the sheep requires investigation. 

 

2.1.4 Biological parameters associated with clean fleece weight 

The involvement of insulin in higher wool growth rate indicates a link to energy 

metabolism and potentially to other components of biological function including 

reproduction and fatness (Adams et al. 2004b). Insulin is an especially powerful 

mediator and serves to maintain metabolic equilibrium in the face of short-term 

variations in nutrient supply and demand (Bell and Bauman 1997). Adams et al. 

(2004b) reported lower concentrations of insulin in high CFW Merinos and 

considered that this contributed to whole-body protein turnover and, in that study, an 

increased protein degradation rate. Adams et al. (2004) did not dismiss the possibility 

of other hormones being involved, but it appears that those which impact on protein 

are important. Low CFW wethers responded to higher nutrition (higher amino acid 

supply) by reducing the rate of protein degradation without altering synthesis rate, 

whereas high CFW wethers increased both protein degradation and synthesis rate 

(Adams et al. 2004). Lobley (1998) suggested that increasing protein synthesis rate 

may be more energetically expensive than a reduction in protein degradation, because 

both protein synthesis and protein degradation use adenosine tri-phosphate (ATP). In 

contrast to Adams et al. (2004), Li et al. (2008) reported that high CFW sheep had 
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lower whole-body energy expenditure, thus in that Merino line at least, selection for 

high CFW increased the efficiency of dietary protein and energy use for wool 

production and body-tissue growth, thus possibly minimising selection effects on fat 

and muscle deposition. 

 

Wool growth claims at least 3% of whole body protein synthesis, regardless of sheep 

breed, nutritional state or hormonal treatment (Adams and Cronje 2003). An increased 

demand for amino acids by the skin, in finer diameter and higher fleece weight 

Merinos may draw protein away from the prenatal foetus and such partitioning may 

reduce lifetime wool production, but may also affect insulin sensitivity (Adams and 

Cronje 2003; Cronje and Adams 2001). Lower plasma insulin has been observed in 

twin lambs suffering hypothermia (Barlow et al. 1987) thus, if selection for increased 

CFW lowers plasma insulin, the implications may extend to a greater susceptibility to 

cold weather, particularly in twin lambs. 

 

However, there is evidence that sheep that grow wool faster have higher insulin 

concentrations (Oddy and Lindsay 1986). Figure 2.1a illustrates that increasing 

concentrations of insulin are correlated with increased wool growth, while increasing 

growth hormone is associated with decreased wool growth rate. These two phenotypic 

relationships are in contrast to those reported for contrasting CFW genotypes by 

Adams et al. (2006) and Briegel et al. (2004), while Adams et al. (2007) reported that 

divergent CFW genotypes did not differ significantly in insulin and glucose 

concentrations, at both sub-maintenance and ad libitum feeding levels. In that 

experiment, the high CFW ewe hoggets also had elevated feed intake relative to their 

liveweight, which would be expected to increase glucose and decrease insulin. 

Bermingham et al. (2004) also observed lower glucose in high CFW animals and 

concluded that gluconeogenesis (the metabolic synthesis of glucose by the liver) had 

been lowered because fasting plasma glucose levels were lower than were observed in 

the low CFW animals. It is not clear why such variation exists between studies. 

 

Adams et al. (2006) reported that ewes selected for high CFW EBVs had lower 

plasma glucose (6% less) in agreement with Bermingham et al. (2004), lower insulin 

(20% less), IGF-1 (20% less) and higher growth hormone (73%) than sheep with low 

CFW EBVs. The body composition of these high CFW ewes was such they had 2.2 
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kg (20%) less fat, but the ewes ate more medium quality feed compared to low CFW 

animals. The elevated levels of growth hormone may explain the leanness observed 

(Adams et al. 2002b). Counter-regulatory hormones that act in opposition to insulin 

include glucagon and growth hormone, and were also elevated in the high CFW ewes 

(Adams et al. 2006a); supporting the view that insulin is likely to be lower in high 

CFW animals. Understanding energy intake is important because intake linearly 

influences hormone concentrations. For example, Jimenez-Gancedo et al. (2004) 

showed insulin resistance increased as protein concentration decreased, whereas the 

lipolytic effect of growth hormone appeared to predominate over insulin action. These 

effects will be important in the pregnant ewe, such that a potential biological 

implication of CFW selection may be effects on foetal development, ewe fatness and 

rearing success, if nutrients are partitioned favouring wool growth rather than foetal 

development under conditions of limited nutrition. 

 

 

Figure 2-1. Relationships between insulin (a) and growth hormone (b) with wool 
growth rate. Taken from Oddy and Lindsay (1986). 
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In an examination of the physiological/metabolic characteristics between high CFW 

(Fleece plus) and low CFW (Fleece minus) Merinos, Hough et al. (1988) reported 

blood acetate and plasma α-amino-N significantly increased in Fleece plus mature 

ewes, while blood lactate, plasma cystine and plasma thyroxine significantly 

decreased. In that study, plasma urea, growth hormone and insulin were not 

significantly different. Oddy and Lindsay (1986) refer to unpublished observations 

where no relationships were observed between the rate of wool growth and 

triiodothyronine, cortisol, prolactin and placental lactogen. Woolliams et al. (1984) 

showed the blood constituents had heritable components, which implies the 

reductions in glucose of high CFW dams observed by Adams et al. (2006), Briegel et 

al. (2004) and Bermingham et al. (2004) may be under some genetic control, however 

the degree of genetic differences may well differ between Merino populations. 

 

The selection of Merino sheep to grow a heavier clean fleece results in improved farm 

profits. The literature suggests that the majority of the changes occur in the skin, with 

changes possible in follicle density, fibre growth rate and fibre diameter. However, it 

appears that the biological mechanisms and consequences of the selection for CFW on 

the metabolic function of sheep may vary. High CFW sheep tend to have less body 

fat, variable muscle depth and different insulin concentrations to low CFW sheep. 

More needs to be understood about these relationships as their consequences may be 

exacerbated by lower planes of nutrition and by the demands of reproduction. 

 

2.2 The importance of nutrition 

 

Sir Walter Merriman employed understocking for the Merryville Stud flock, at two 

ewes instead of three per acre (Moeller 2003), which may have been an astute 

observation about the effects of nutrition on genetic expression. As nutrition 

improves, the difference that superior genotypes express over their inferior 

counterparts increases (Williams 1966). Conversely, the effect of limited nutrient 

supply can also reduce the scale of the difference between high and low CFW sheep. 

Such reductions can reduce estimates of heritability, which has been observed in 

drought years by Hatcher and Atkins (1998). Each of these observations suggest that 

the effects of nutrition are scalar. Hence, when selection for increased CFW may 

reduce fatness, insulin and component traits of reproduction, it follows that the size of 
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the reductions should be larger at a lower plane of nutrition. The following section 

aims to identify and discuss important aspects of nutrition that may affect CFW 

production. 

 

2.2.1 The general aspects of nutrition important to sheep production 

Insulin plays a key role in fat mobilisation and reproduction (Bell 1995) because 

increased metabolism of lipid substrates serves to spare maternal utilisation of glucose 

for use by the conceptus (Bell 1995). At all times ruminants are reliant on hepatic 

gluconeogenesis for their glucose supply (Bell and Bauman 1997). In Merinos, the 

additional demand for protein from skin draws on the amino acid pool otherwise 

available for gluconeogenesis (Bermingham et al. 2004). Thus, a reduced glucose 

production rate may be sufficient to maintain lower insulin and glucose 

concentrations in high CFW sheep (Briegel et al. 2004). This relationship 

demonstrates that within the animal, partitioning of scarce resources occurs in 

interaction with the available nutrition and other physiological demands. As sheep 

lose weight, the net availability of metabolisable energy declines incrementally and 

changes in energy utilisation are largely accounted for by changes in fat metabolism 

(Graham 1964). However, the reaction is rate-limited because, due to the reduction in 

metabolically active tissue, the maintenance requirement declines during periods of 

undernutrition (Ryan and Williams 1990). These metabolic adaptations indicate that 

under harsh conditions, liveweight losses and gains are efficiently managed, 

metabolically, and that when undernourished, sheep utilise fat reserves and they lower 

their metabolic requirements. Therefore, even with lowered fat reserves it is 

contended that high CFW Merinos should be able to endure periods of limited 

nutrition. 

 

Langlands et al. (1984a) maintained a flock of Merinos ewes at 10 or 20 sheep/ha, 

and imposed congruent nutritional treatments to the offspring postnatally from 

weaning until 9 years of age. The authors found liveweight, wool production, growth 

rate and body dimensions of the offspring, in early adult life, were reduced by the low 

plane of nutrition during rearing. Hopkins and Tulloh (1985) and Krausgrill et al. 

(1997) reported similar effects on body dimensions, liveweight and wool growth after 

quite severe postnatal growth restriction. Allden (1968) reported similar findings, 

where the effect of post-natal nutritional deprivation was not overcome by “generous” 
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overfeeding during the 6 months preceding the nutritional deprivation. Interestingly, 

the differences observed by Langlands et al. (1984a) were less obvious over time to 

nine years of age. 

 

Stocking rate is a major influence on feed intake, but also on whole-farm profit 

(White et al. 1980). Yet in addition to climatic variability, optimal stocking rates are 

influenced by wool price, variable and fixed enterprise costs and farm area (McArthur 

and Dillon 1971; White and Morley 1977). As a consequence, the optimal economic 

stocking rate exists at levels higher than the biological optimum, and invokes a 

response to compromise between the biological optimum. For example, fleece weight 

and liveweight of each animal declines at higher stocking rates (Jardine et al. 1975b; 

Langlands 1977), but total fleece and meat production from the whole area will 

increase. Buffering the per animal fleece weight reduction is a lower mean fibre 

diameter that enhances the fleece’s economic value, despite some reductions to staple 

strength (Bowman et al. 1993). The economic incentive to increase stocking rate is 

apparent for commercial producers, but the implications of reduced feed intake at 

high stocking rates may also extend in some degree to the neonate (Langlands et al. 

1984b,c) with reductions in fertility and lamb survival. It follows that these effects 

may be exacerbated in high CFW dams. 

 

Prenatal effects of nutrition on progeny performance are also evident (Kelly et al. 

1996) and have similar lifetime reducing effects on wool growth and liveweight, and 

as with postnatal restrictions the effects observed in the affected animals diminish 

after the first year (Kelly et al. 2006). Compared to progeny from ewes grazing 

abundant pastures during pregnancy, progeny from ewes grazing lower pasture 

quantity were found to have reduced back fat and eye muscle area (Paganoni et al. 

2004). However, the observations of Paganoni et al. (2004) were not supported by 

animal house work with adult wethers (Thompson et al. 2006). No differences were 

observed for fat depth or muscle depth, but those wethers that were born to ewes that 

were held at lower nutrition had more whole body fat and less lean tissue (Thompson 

et al. 2006). This demonstrates the importance of intake, irrespective of condition of 

the animal, on foetal development, however the effect was not consistent when 

comparing the relationship between different sites investigated by Thompson et al. 

(2006). 
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2.2.2 Clean fleece weight in interaction with nutrition 

Birrell (1981) found wool growth rate was positively related to pasture digestibility 

and because low digestibility reduced intake, wool growth was negatively related to 

the period of time spent grazing, and as wool growth rate slowed liveweight losses 

also occurred. Lee et al. (2002) reported a strong, positive genetic correlation between 

wool growth and wool growth efficiency (0.84) and a strong negative relationship 

between digestible organic matter intake (DOMI) and wool growth efficiency (-0.63), 

which was not altered after inclusion of intake per unit liveweight. The increases in 

DOMI were not associated with increased efficiency of wool growth, thus the high 

intake animals were less efficient. This suggests that when wool growth is low and 

liveweight losses are occurring, muscle and fat tissue will be depleted in line with the 

liveweight loss. Among sheep selected for greater wool production it is reasonable to 

expect the muscle and fat tissue losses will be greater. 

 

High CFW (Fleece plus) rams have been shown to consume greater amounts of 

DOMI per unit liveweight (Hamilton and Langlands 1969), but when intake was 

highest the wool growth differences were not significant. The differences in wool 

production were determined by feed intake per unit liveweight (at low [650 kg DM/ha 

green] and moderate [900 kg DM/ha green], but not at high [1500 kg DM/ha] herbage 

quantities) and also by wool growth efficiency (Hamilton and Langlands 1969), with 

Fleece plus rams being 40% more efficient in the conversion of feed intake to wool 

growth at all times. By contrast, Williams (1979) concluded that selective breeding 

for CFW has not developed sheep with different average voluntary feed intake per 

unit liveweight. In support, Faichney et al. (1998) found that voluntary feed intake did 

not differ for rations of lucerne hay or a lower quality mix of wheaten and lucerne 

hay. Adams et al. (2004a) reported that high CFW sheep ate more high quality feed, 

but when offered a low quality feed, no differences were observed for intake. 

However, when fed low quality nutrition high CFW animals depleted more of their fat 

energy stores (Adams et al. 2004a; 2006). Associated with these animals was an 

elevation in growth hormone and reductions of insulin and glucose, providing an 

explanation for the leanness associated with high CFW. Therefore, changes to the 

biology of the sheep, at the cellular and hormonal levels, support increased fleece 
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production, but with adverse consequences for fatness due to an interaction with food 

intake and quality in dry sheep that are fed controlled rations. 

 

The effects of nutrition can broadly affect animal production, through stocking rate 

reducing individual fleece production and quality. Limited nutrition can affect body 

dimensions and it seems fatness and muscle dimensions in progeny from dams held at 

lower feed levels. Although the phenotypic product of nutrient deprivation has a large 

effect early in life, the scale of the difference created diminishes later in life. 

However, the animal is capable of metabolic adaptation, through the utilisation of fat 

reserves and the reduction of metabolically active tissue, lowering the animal’s 

metabolic requirements. If high CFW ewes exhibit lowered energy reserves, then it 

may be that pre-natal energy-limiting nutritional conditions exacerbate the 

consequences in the resultant progeny. Furthermore, because the effects of nutrition 

deprivation are scalar, then an imposition of any size will bring about larger 

differences in fat reserves and reproduction. Whether high CFW sheep exhibit 

increased feed intake is not clear. The implications of the potential reductions in 

fatness during conditions of reduced intake need to be examined in high and low 

CFW Merinos, particularly in adult, reproductive ewes. 

 

2.3 Effects of selection for clean fleece weight on reproduction 

 

2.3.1 Reproduction in Australia 

For the period 1946-1985, the mean national lamb marking rate was 72.0%, with an 

annual rate of gain of 0.21% (Rose 1987). These slow gains were accompanied by 

small reductions in fibre diameter and small increases in fleece weight. Previously, 

Stud Book figures suggested lamb marking rates were around 60% (Dun 1961). In a 

study of Western Australian lamb mortality, Kelly (1992) reported a range of lamb 

mortality between 10.9 and 29.8%. Singleton mortality averaged 11.0% and ranged 

from 6.0 to 19%, and twin lambs averaged 33.1%, ranging from 19.1 to 63.2%. The 

most recent review by Hinch (2008), found similar mortality rates for singleton and 

twin lambs. Embryonic wastage and lamb mortality account for the largest proportion 

of wastage, but it is at lambing when the majority of wastage occurs. Kleemann and 

Walker (2005) were able to show that neonatal lamb mortality accounted for 55.6% of 

all wastage, while the loss of ova was 20.4%. The loss of neonatal twin lambs 
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amounted to 35.3% of the total wastage, thus twin lamb mortality is the largest 

challenge to reproduction efficiency for the Merino. 

 

Of all lambs born, it is during the neonatal period that 80-90% of mortalities occur 

(Brien et al. 2009; Haughey 1983). The period of birth and immediately postpartum is 

a time of rapid development, a transition from uterine to independent postnatal life, 

and involves a series of maturational processes in the foetal lamb before birth (Mellor 

1988). Lambs that are either not sufficiently mature or have had a difficult birth are 

likely to be less vigorous. Stevens et al. (1982) found lambs that are less vigorous are 

more likely to have a weak maternal bond with their dams and the probability of 

mortality for these lambs is much higher, while ewes that metabolise less fat during 

pregnancy have been found to have more vigorous newborn lambs, and hence a 

stronger bond with their dam, which subsequently improves their chances of survival 

(Dwyer 2003). Therefore, when high CFW ewes are anticipated to utilise their body 

fat reserves at a faster rate during periods of insufficient nutrition, the effects of 

reduced body fat may be increases in neonatal lamb mortality, in addition to 

potentially lowered fertility and litter size. 

 

2.3.2 Aspects of reproduction important to Merinos 

Brien et al. (2009), Cloete et al. (2001) and Hatcher et al. (2010) estimate heritability 

of lamb survival in Merinos to be low (0.03-0.09). Combining data from seven 

Merino research resource flocks, Safari et al. (2007a) estimated heritability of fertility 

at 0.05; litter size at 0.07; the number of lambs born (NLB) per ewe joined 0.05 and 

the number of lambs weaned (NLW) per ewe joined at 0.05. All of the reproduction 

traits have weak negative genetic correlations with fleece weight, except for weight of 

lambs weaned per ewe joined (0.16, Safari et al. 2005a). In the context of high CFW 

animals having a lowered reproduction, it is important to note that phenotypic 

estimates were close to zero for each of these traits (Safari et al. 2005a). The genetics 

of reproduction in the Merino are important to consider because while heritability and 

repeatability are low (Kennedy 1967; Lee et al. 2009; Young et al. 1963), aspects of 

reproductive performance are repeatable and favourable selection responses can 

occur. For example, ewes failing to rear lambs (non-pregnant, dry ewes or ewes that 

lambed and lost) in one year are likely to wean fewer lambs the following year (Dun 

1961; Lee and Atkins 1994; Lee et al. 2009). Hence, despite the difficulties it is 
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possible to bring about change over time through accurate selection (Cloete et al. 

2009). Hatcher et al. (2010) explain that this is because the main determinant of the 

repeatability of lamb survival is a permanent environmental component of the dam 

and, for example could be expressed as physiological differences in foetal 

nourishment or physical differences in pelvic dimensions. The factors that contribute 

to the mortality of the lamb operate most strongly in the first week after lambing, thus 

the permanent environmental components of the dam are likely to be expressed at this 

time. When most of the repeatable elements result from events that occur in the first 

week after lambing, improvements to the accuracy of selection for maternal rearing 

ability, may rely on assessment of the trait after seven days postpartum (Hatcher et al. 

2009). 

 

Cloete et al. (2009) and Haughey (1984) advocate the selection of ewes for maternal 

rearing ability, and an indirect consequence of this selection is an increase in 

fecundity, with more twin lambs being born. Selection for twinning is more effective 

in raising lifetime production than selection against barrenness (Young et al. 1963), 

and measuring ovulation rate would be the more efficient means of making this 

selection (Piper et al. 1984). However, in a philosophical discussion on the relative 

merits of selection for altered reproduction outcomes, Beilharz and Luxford (1984) 

suggest that selection for some parts of total reproduction may bring about reductions 

in other parts. For example, increasing ovulation rate will increase lamb mortality 

because while more lambs are weaned, wastage increases which Haughey (1983) 

considered to be a cosmetic approach for improving NLW. The view of Beilharz and 

Luxford (1984) was that without a significant change in the environment of the 

Merino, increases in total reproduction may not occur. Everett-Hincks et al. (2005) 

support this view for cases where the flock expresses limited genetic variation for 

lamb survival traits. 

 

Persistent genetic gain is possible following selection for maternal rearing ability, or 

for NLW in Merinos (Cloete et al. 2009; Cloete et al. 2007). Haughey (1983) states 

that much perinatal loss results from repeated rearing failure by a minority of ewes. 

Lee et al. (2009) examined three Merino genetic resource flocks that existed between 

1975 and 2002 and reported that 25% of a ewe population rear just 8% of lambs. Such 

ewes were conceiving every second year and rearing only 50% of those lambs. 
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Haughey (1983) observed that poor performance tends to be repeatable and Lee et al. 

(2009) and Hatcher et al. (2010) have confirmed this in recent studies. Selection for 

rearing ability improves lamb survival and also increases the number of twin 

pregnancies (Haughey 1984) and their subsequent survival (Cloete and Scholtz 1998). 

However, despite large improvements in survival observed (Cloete and Scholtz 1998), 

the mortality rates of twin lambs in the high rearing ability ewes do not differ greatly 

from Australian mortality ranges reported by Hinch (2008) at 25%, compared to 39% 

in the low rearing line. Furthermore, survival was not different between the lines for 

singleton survival, thus the contribution an improvement in the number of lambs 

weaned stems from increases in the number of twin lambs and their subsequent 

survival (Cloete and Scholtz 1998). The risk for the Merino ewe is that it may not 

mother twin lambs effectively. Fine wool Merinos have been shown to be more likely 

to separate from twin lambs than singletons (Stevens et al. 1982). In a very well 

demonstrated examination of differences in mortality between bloodlines, Kuchel and 

Lindsay (1999) found that the transfer of superfine-wool Merino embryos to recipient 

medium-wool Merino ewes substantially improved rearing success of the transferred 

embryos, compared to the rearing success of the donor superfine-wool dams rearing 

their own lambs. 

 

Rightly or wrongly, selection emphasis against twin-bearing ewes (via favouring 

single born progeny) was generally employed among Merino studs as a means to 

compare the phenotype and to increase body weight and frame size in young sale 

rams (Woolaston 1987). Therefore there is an expectation that in general, Merino 

reproduction parameters are likely to be low with fewer twins in commercial Merino 

flocks. However, Kleeman and Walker (2005) regarded the fecundity of the Merino to 

be satisfactory, in that the breed is capable of conceiving twin lambs. Thus, it is the 

loss of those twin lambs during the peri-partum stage that has the greatest effect on 

net reproduction. Safari et al. (2007b) report that NLB and NLW were negatively 

correlated genetically and phenotypically with CFW. A favourable genetic response 

to CFW selection has been reported, however, for western white face sheep 

(Rambouillet, Columbia and Targhee breeds, Saboulard et al. 1995); with correlated 

increases in lambs born/ewe lambing (+0.26). Contributing to NLW is a negative 

phenotypic correlation between CFW and NLB (-0.19) (Safari et al. 2005a). The 

South Australian Merino Resource Flock (Ingham and Ponzoni 2002) also show 
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weakly positive correlations between CFW and NLW for a range of dam ages, 

although Cloete et al. (2002) reported a weak phenotypic correlation between CFW 

and NLW (0.07). With respect for CFW selection, Beilharz and Luxford (1984) 

suggest that it is not economically feasible to change production systems, and thus 

reproduction will be adversely affected because if selection for increased fleece 

weight is the focus. Identifying the components of total reproduction that are 

adversely affected by CFW selection is important. The review on total reproduction 

by Snowder and Fogarty (2009) found reasonable relationships between a measure of 

net reproduction and CFW. 

 

Snowder and Fogarty (2009) define ewe productivity as the weight of lamb weaned 

per ewe joined and suggest that improvements in ewe productivity can be made via 

selection because this measure is a composite of all component traits of reproduction. 

The trait also has relevance to wool production because earlier investigations revealed 

some genetic relationships. Herselman et al. (1998) used the term ewe productivity, 

defined as the total weight of lamb weaned in a lifetime. Using three flocks with 

records overlapping in time between 1962 – 1993, Herselman et al. (1998) presented 

evidence that ewe productivity would increase in high wool production sheep, despite 

a negative relationship being observed between ewe productivity and a wool 

growth:liveweight ratio. Cloete et al. (2002) also used the wool growth:liveweight 

ratio in an examination of total weight of lambs weaned. Despite reporting favourable 

relationships between CFW and both number and the total weight of lambs weaned 

(Table 2.1), the proportion of CFW per kg liveweight (CFW/BWT) had negative 

relationships (Cloete et al. 2002). 

 

The findings of Cloete et al. (2002) are supported by Greeff et al. (2005b) where high 

wool production lines had no relationship with reproduction, but after adjusting for 

differences in body weight, the difference in reproduction became negative. 

Interpretation of the findings of Greeff et al. (2005b) requires some caution because 

there were large differences in fertility rates of the bloodlines examined and a small 

range observed in the ratio of CFW/BWT. That study may have been more 

informative if the relationship between total weaning weight and the CFW/BWT ratio 

was examined within the bloodlines. The review of Snowder and Fogarty (2009) 

concluded that selection for ewe productivity can occur without detriment to fleece 
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weight selection. Snyman et al. (1998) demonstrated that selection for the total weight 

of lamb weaned does not impose a deleterious phenotypic response and is supported 

by evidence from Cloete et al. (2004b), as seen in Table 2.2. 

 

Table 2-1. Within-bloodline genetic (rg) and phenotypic (rp) correlations of 
hogget wool and liveweight traits, including a wool:liveweight ratio, (CFW/BWT 
%) with total weight of lamb weaned or number of lambs weaned (Cloete et al. 
2002). 

 

 

Table 2-2. Genetic (rg) and phenotypic (rp) correlations among South African 
Merinos (Cloete et al. 2004b) for greasy fleece weight (GFW) liveweight with the 
number of lambs born, number of lambs weaned and the weight of lamb weaned. 
Trait r g r p 

No. lambs born x GFW -0.13 0.01 

No. lambs weaned x GFW -0.01 -0.01 

No. lambs weaned x joining liveweight 0.41 0.09 

Wt lamb weaned x GFW 0.08 -0.00 

Wt lamb weaned x joining liveweight 0.81 0.14 

GFW x joining liveweight 0.39 0.46 

 

The work of Snyman et al. (1998) shows that considerable variation exists between 

bloodlines for the weight of lamb weaned and its relationship with CFW. The findings 

of Greeff et al. (2005b) are similar, with favourable relationships for all, but a fine-

woolled bloodline. Snowder and Fogarty (2009) argue that selection for the composite 

trait of total weaned weight is likely to overcome adverse or neutral genetic 

relationships that may exist among the component traits of reproduction. This is likely 

Trait r g rp 

Total weight of lamb weaned (kg) 

Hogget body weight (kg) 0.58 0.18 

CFW (kg) 0.26 0.08 

CFW/body wt (%) -0.24 -0.07 

   

Total number of lamb weaned (n) 

Hogget body weight (kg) 0.26 0.12 

CFW (kg) 0.29 0.07 

CFW/BWT (%) -0.01 0.02 
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to be possible in existing gene pools, but only where the environment changes to 

support favourable improvements in each component trait (Beilharz and Luxford 

1984). Merinos selected for rearing ability, produce heavier and finer fleeces, and are 

the most productive dams for most price ratio scenarios (Cloete et al. 2004a), when 

compared to SAMM, SAMM x Merino and Dohne breeds. These conclusions were 

made for animals in Mediterranean conditions in South Africa (Cloete et al. 2003a) 

and remain pertinent for Australian producers. 

 

2.3.3 Understanding relationships between clean fleece weight and reproduction 

Early examination of the relationship between fleece weight and reproduction 

concluded that while CFW does not have a consistent lowering effect on net 

reproduction, reproduction must still be included when selecting for increased CFW 

(Turner et al. 1972). These authors reported on two multi-trait selection flocks (1950-

1964) which aimed at increasing fleece weight; both selection groups had lower mean 

weaning rates (-9.2% and -6.1% compared to the common control flock). In that 

study, conception rates had the greatest effect on weaning rates and there were 

reductions in the number of twin lambs born in the fleece weight selected ewes. 

Importantly, counter-balancing the lower conception rate were lower long term mean 

mortality rates (+3.0% or +3.4%) of singles and twins in the fleece weight selected 

lines, and not just because the number of twins was lower (Turner et al. 1972). 

 

Early correlations between fleece weight and reproduction in two year old maiden 

ewes from the same flock described by Turner et al. (1972), showed a higher 

proportion of dry ewes in high fleece weight animals (Kennedy 1967). This resulted 

in a significant although weak negative phenotypic correlation with lambs born (-

0.06) and lambs weaned (-0.08). In his discussion, Kennedy (1967) alluded to an 

environmental interaction, where with improving seasonal conditions the differences 

in lambs born were not apparent for ewes that had been spring born and also lambed 

in spring as maidens. In that study, the phenotypic relationship with BWT was 

positive for lambs born (0.07) and with lambs weaned (0.06), indicating that 

reproduction will be improved in heavier ewe maidens. Thus, selection for CFW and 

BWT together may help to maintain reproduction levels, while from single trait 

selection programs, the component traits of CFW may be identified for their effects 

on NLW. 
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One of the related responses to CFW selection is an increase in the number of skin 

folds. This is important to briefly consider because the single trait selection flock for 

skin fold demonstrated that the sheep’s constitution was substantially reduced in 

folds-plus selection lines (Dun 1964). Constitution was defined as the ability to 

survive, produce and reproduce in harsh conditions. Wastage due to ewe deaths and 

necessary culling was higher in folds-plus, in addition to higher numbers of dry ewes 

and higher lamb losses between birth and weaning. The differences between the lines 

for dry ewes and litter size were greatest in years characterised by very high rainfall, 

rank pastures, poor lambing and high ewe mortality rates. 

 

Another single trait selection flock was the Trangie-based Fleece plus/minus flock. 

Barlow (1974) showed CFW selected (Fleece plus) ewes had similar lifetime 

reproduction to Fleece minus ewes, but had 4.6% fewer lambs weaned. Fleece plus 

ewes had a higher percentage of dry adult ewes (25.8% v 22.2%). In contrast to 

Turner et al. (1972), Barlow (1974) observed more multiple births among Fleece plus 

ewes (25.6% v 18.8%). The increase of multiple births minimised the difference in 

lambs weaned per ewe joined, but increased mortality was associated with the Fleece 

plus lambs, “largely due to the losses of twin lambs” (Barlow 1974). In examining 

these results, and assuming a rate of 10% mortality for singleton lambs and 30% for 

twin lambs, it can be seen that the Fleece plus lose more lambs and Fleece minus 

fewer lambs than would be expected (Table 2.3). This comparison has been made as 

Barlow (1974) assumed the increased overall mortality of Fleece plus lambs was due 

solely to increases in twin lambs births, without data presented to confirm this. 
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Table 2-3. Lifetime performance of Fleece plus and Fleece minus ewes, 
constructed from (Barlow 1974). Assumptions are made for the number of 
singles births (italicised). Predictions are made for lamb mortality, assuming all 
multiple births are twins (italicised). Presented data by Barlow (1974) is 
highlighted in bold. 
Trait Fleece plus Fleece minus 
Dry ewes (proportion of ewe 
joined) 0.258 0.222 
Single births (1 - multiple births) 0.744 0.812 
Multiple births (proportion of total 
births) 0.256 0.188 
Lambs born per ewe joined (LBJ) 0.938 0.928 
Lambs weaned per ewe joined 
(LWJ) 0.768 0.814 
   
Predicted mortality (0.1 single; 0.3 
twin) 0.15 0.14 
Actual mortality (LBJ-LWJ) 0.17 0.11 
 

The QPLU$ multi-trait selection demonstration flock was designed to demonstrate the 

response to selection occurring from different breeding objectives for CFW and fibre 

diameter, using three Merino bloodlines (Taylor and Atkins 1997). Examination of 

phenotypic relationships from QPLU$ lamb survival data revealed high CFW ewes 

reared fewer lambs in more years than not, but with a range 0% and 11% (Hatcher 

and Atkins 2007). Selection for CFW did not change the number of ewes pregnant 

(EP), or the number of lambs scanned or the number of lambs born. However, high 

CFW dams weaned 4% fewer lambs, similar values to those reported by Barlow 

(1974). This difference highlights a need to examine more closely causes of mortality. 

These might include colostrum quality, milk supply, milk intake, vulnerability to 

infection, predation and misadventure as well as parturient losses. Thompson et al. 

(2006) reported that selection for one or more wool characteristics affects genetic 

variability for lamb survival within a flock. In contrast, selection for increased body 

weight resulted in favourable reproduction outcomes, with increased fertility, 

increased lambs scanned, NLW and survival to weaning (Hatcher and Atkins 2007). 

 

Initial estimates on the two- to four-year-old ewes in the Turner flock, Young et al. 

(1963) found no significant genetic and phenotypic correlations between fleece 

weight and lambs born nor lambs weaned. The overall findings of Turner et al. (1972) 

are supported by Piper et al. (2007), who, in re-examining the data, found no 
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differences for lifetime reproduction. Figure 2.2 clearly shows divergence from the 

control line in response to CFW selection, while for NLW/EJ, the trends do not 

deviate from their baseline performance. The Piper paper was written as a direct 

response to Adams et al. (2006a) and found no genetic change in the number of lambs 

weaned per ewe joined, despite a strong negative genetic correlation (-0.42) with 

CFW and despite the flock being managed in harsh Queensland conditions. 

 

 

Figure 2-2. The genetic trends for NLW/EJ and CFW for two selections lines 
(MS and S) and the control line (C). Linear regression coefficients (b) are shown 
in the legend. Figure taken from Piper et al. (2007). 
 

Differences seem apparent between selection flocks for the reproduction response to 

increasing CFW. Piper et al. (2007) suggested that despite a strong negative genetic 

correlation between CFW and NLW, because the phenotypic correlation was close to 

nil, and thus the relationship should not be of concern. However, other studies 

examining lifetime production report an opposing outcome (Hatcher and Atkins 

2007). The association between selection for CFW and reduced NLW may be linked 

to physiological changes such as less body fat mobilization during pregnancy (Dwyer 

2003), but this has not been examined for high and low CFW selected flocks. The 

examination of high and low CFW ewes, at different levels of nutrition needs to occur 

to impose fatness reductions so as to examine the consequences for the components of 

reproduction. 
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2.4 Merino meat quality 

 

The contribution of wool to the proportion of income between 1990-91 and 2001-02 

fell from 90% to 60%, and sheep meat was the substitute, growing from 10% to 40% 

(Banks 2002). Such economic conditions will encourage adjustments to the national 

flock structure and to breeding objectives (Jardine et al. 1975a); thus a focus on 

reproduction, lamb survival and meat quality in the Merino is likely. 

 

While the Merino represents the majority of genes contributing to the sheep meat 

industry, through pure Merino lambs and dams as well as through the production of 

crossbred sheep (Apps et al. 2003; Fogarty et al. 2003), the breed has a poorer 

reputation for meat quality when compared to 1st and 2nd cross lamb. Fogarty et al. 

(2003) presented the case for selection emphasis on meat traits in Merino enterprises 

nearly a decade ago but until recently, there has been little meat research focused on 

pure Merino, although Hopkins et al. (2005a) provided some initial insight into 

Merino bloodline differences. Little is known of the potential correlations between 

meat quality and CFW and in particular the likely impact of CFW selection on 

metabolic traits that may alter meat quality and composition. Reductions in body fat 

may be a carcase benefit, but perhaps at the expense of meat quality through 

deleterious energy expenditure pre- or post-slaughter (Pethick et al. 2005a). In this 

regard the Merino is at particular risk as it suffers from a high pH syndrome (Hopkins 

and Fogarty 1998). For some cuts of meat, Merino does display less colour stability 

and in some instances have been shown to have reduced eating quality (Hopkins et al. 

2011). 

 

Some contradictions seem already apparent when the observed reductions in fatness 

in CFW selected lines have been inconsistent, thus it is not clear what effects 

selection for increased CFW will have on carcase quality attributes. Adams et al. 

(2005) reported high CFW sheep had the same fat and muscle depths, while Li et al. 

(2007) reported high CFW wethers were not different in fat depth from low CFW 

animals at low nutrition, but had greater muscle depth. At high nutrition the animals 

studied by Li et al. (2007) had greater fatness. 
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2.4.1 Genetic correlations of clean fleece weight with parameters of meat quality and 

meat production 

Despite early suggestions that the Merino may be called upon as a dual purpose breed 

(Dun 1961), there has been little research into the interactions between wool 

production and meat production or meat quality of the Merino. For all meat breeds the 

important traits include weight of carcase, muscularity and fat cover, and in Merinos 

estimates of moderate heritability have been shown for these traits (Ingham et al. 

2003). 

 

Fogarty et al. (2003) reported favourable heritability estimates for meat traits among 

fine, medium and strong wool Merinos, including liveweight (0.51), fat depth at the 

C-site (FatC) (0.20), fat depth at the GR-site (GR) (0.33), eye muscle depth (EMD) 

(0.27) and muscle pH (0.27). Safari et al. (2005a) reported heritability estimates for 

dressing percentage (0.42), FatGR (0.32), and meat pH (0.18). Greeff (2005a) 

reported a similar heritability for FatGR (0.27) and 0.41 for FatC. The phenotypic 

correlations between CFW and hogget weight (Safari et al. 2007b) are positive (0.36), 

and remain positive at adult weight (Safari et al. 2005a). Thus, improvements in 

carcase parameters could be made with correct selection (Greeff et al. 2008). 

 

The concern expressed by Adams et al. (2006) is that the high CFW Merino is a 

leaner animal with associated poorer meat characteristics. Table 2.4 is summarised 

from Safari et al. (2005a) and shows the genetic and phenotypic correlations between 

fleece weight and carcase measures. The genetic relationship with fat depth is 

negative, supporting the observations of Fogarty et al. (2003); Greeff (2005a) and 

Huisman and Brown (2005). Greeff et al. (2008) report negative genetic correlations 

for a range of fat measurements and each also has a corresponding weakly negative 

phenotypic correlation, which are also listed in Table 2.4. However, a moderate 

positive correlation between FatGR and EMD has been observed (Fogarty 1995), and 

Fogarty et al. (2003) suggested this is linked to differences in the sites of fat 

deposition in the Merino. 

 

Hopkins et al. (2005a) reported that superfine wool sheep, when adjusted to the same 

liveweight, are significantly fatter than fine and medium wool sheep, and have higher 

ultimate pH which reduces meat quality. Greeff et al. (2008) also showed that 
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selection for increased muscle depth was likely to increase muscle pH and the view of 

these authors was that selection for increased CFW and reduced fibre diameter will 

have little effect on body composition because of the low genetic correlations (Table 

2.4). 

 

Table 2-4. Heritability estimates (h2), genetic (rg) and phenotypic (rp) 
correlations in sheep for fleece weight (FW) and various carcass traits, including 
fat depth, eye muscle depth (EMD) and muscle pH and colour for sheep (Safari 
et al. 2005a) and for Merino rams (Greeff et al. 2008). 
Trait h 2 Safari et al. 

(2005a) r g 

Safari et al. 

(2005a) r p 

Greeff et al. 

(2008) r g  

Greeff et al. 

(2008) r p 

Fat depth (carcase) 0.30 -0.19 0.17 -0.11 to -0.22 -0.05 to -0.06 

EMD 0.24 0.23 0.02 -0.03 0.02 

Meat pH 0.18 0.05 0.03 0.19 0.03 

Meat colour (L) 0.16 0.13 -0.01 0.01 0.00 

 

Greeff et al. (2008) reported weak positive phenotypic correlations between CFW and 

EMD, with eye muscle width (EMW) and with eye muscle area (EMA), where EMA 

is equal to EMW multiplied by EMD. Ferguson et al. (2007) showed the probability 

of ewes giving birth to more multiple lambs increased with increasing hogget EMD 

breeding values. Thus, the phenotypic relationship between CFW and EMD needs to 

be better understood. 

 

2.4.2 Attributes of the Merino carcase 

The review by Warner et al. (2006) suggests that while the quality of Merino meat has 

not been shown to be inferior, aspects of Merino meat quality result in it being less 

tender, less acceptable to consumers based on smell and having a reduced shelf life. 

Consumer preferences are in favour of lamb, not older sheep meat, principally on 

grounds of tenderness and flavour (Pethick et al. 2005b). If the Merino breed was to 

adopt aspects of dual-purpose production, the challenge would be to match growth 

rates needed for prime lamb production systems. Improvements in carcase weight are 

important for market flexibility as both domestic and export markets are demanding 

large lean carcasses (Fogarty et al. 2000). Hopkins et al. (2005a) reported that Merino 

carcasses were leaner when GR measurements were adjusted to a common carcase 

weight, implying that the Merino lamb takes longer to attain heavier weights at the 
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same fat score. Fat coverage, while adding costs to carcase trimming when excessive, 

does have an important relationship with the rate of carcase cooling, which has 

implications for cold-shortening effects on meat tenderness. An accelerated rate of 

carcase cooling before the muscle pH has declined lower than pH 6.0 can increase 

cold shortening (Thompson 2002), affecting tenderness. Thus, carcases that are too 

lean have a higher risk of less tender meat. The effect of CFW on carcase temperature 

is unknown. 

 

Variation in meat quality also exists among Merino strains (Hopkins et al. 2005a), 

where strong wool sheep have better pH values than superfine wool sheep. In that 

study muscle enzyme activity also varied significantly between superfine and medium 

wool merinos for isocitrate dehydrogenase an indicator of aerobic cellular activity 

(Hopkins et al. 2005a). Despite strong negative relationships between fresh muscle 

colour and muscle pH (Greeff et al. 2008), strain effects of meat colour were reported 

to be non-significant (Hopkins et al. 2005a). Meat from Merino lambs with a higher 

ultimate pH had lower muscle glycogen levels and this was still in evidence after 

weeks of high nutrient pastures with lucerne hay supplementation (Hopkins et al. 

2005b). 

 

Arsenos et al. (2002) demonstrated that nutritional management can affect juiciness, 

tenderness and overall eating quality. Nutrition post-weaning is an important period, 

but the feed quality prior to slaughter has also been identified as crucial in its 

influence on eating quality. In a breed comparison for effects on eating quality 

(Hopkins et al. 2005c), consumers indicated that Merino lamb was tougher and less 

juicy. These Merino lambs had a higher ultimate pH, even after weeks on high energy 

intakes. 

 

Using in vivo muscle biopsies, Thomson et al. (2005) demonstrated that Merinos with 

a high fleece production relative to bodyweight exhausted their muscle glycogen 

levels faster during exercise. Dark-cutting meat results from low muscle glycogen 

levels at the time of slaughter. Variation in muscle pH and muscle glycogen levels can 

occur with variation in intake of supplementary feed (Hopkins et al. 2005b) and also 

seasonal influences (Knee et al. 2004). Within season, a low plane of nutrition results 

in leaner carcases and tougher loins, although best-practice processing can overcome 
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the influence of nutrition (Hopkins et al. 2005b). Taken together these effects suggest 

high CFW Merinos will require improved pre-slaughter nutrition. Martin et al. (2004) 

reported that sheep with increased muscle development need a higher nutritional input 

to achieve elevated glycogen stores within muscle. Sainz et al. (1994), for example, 

enhanced plasma glucose concentrations in crossbred lambs with cottonseed meal 

supplementation and Pethick et al. (2005a) reduced consumer scores for juiciness and 

liking of flavour in Suffolk x Merino lambs by feeding a low energy low crude 

protein diet that led to weight loss. Older animals also have a negative influence on 

sheep meat flavour because of subcutaneous and intermuscular fat (Pethick et al. 

2005b). This would suggest that as the Merino is going to be a slower growing and 

older animal at processing, its meat quality is likely to be inferior unless well finished 

and processed with best practice. 

 

The literature available on the quality of Merino carcases suggests that while some 

quality attributes are not greatly disadvantaged by the breed, aspects can be expected 

to receive a lower consumer preference. Further, the sensitivity of the high CFW 

Merino to varying planes of nutrition pre-slaughter are yet to be fully explored. 

Favourable heritability estimates show that genetic progress can be made with 

selection. What is required is an understanding of the relationships between wool and 

meat production traits and the correlations to other aspects of production, including 

reproduction. 

 

2.5 Research aims 

 

It would seem that selection for increased CFW can have a number of effects on the 

Australian Merino, but these have not been examined throughout a full cycle of 

reproduction. These effects include reductions in fatness of the adult ewe, which in 

turn may impact on components of reproduction. Given the importance of prenatal 

and postnatal nutrition in the neonate, the potential effects of nutrient partitioning in 

the dam may subsequently impact on progeny performance, in addition to the trait 

effects in those progeny. Furthermore, it seems likely that these effects will be 

compounded when adult breeding ewes are challenged by a lower plane of nutrition, 

which is often the case for Australian Merino ewes. 
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The experimental component of this thesis has five aims: 1) to examine the variation 

in fat levels and muscle depth in adult ewes selected for high or low CFW and 

bodyweight when held at different at rates of stocking pressure; 2) to examine the 

variation in reproductive performance of these ewes; 3) to examine the performance 

of offspring bred from the selected ewes for aspects of growth and wool production; 

4) to examine the potential of the selection and stocking rate treatments on aspects of 

Merino meat production and; 5) to examine the metabolic variation in twin bearing 

high and low CFW dams and their lambs to identify components contributing to 

reductions in lambs survival using controlled feed intake and individual animal 

housing. 

 

This thesis examines the hypothesis that breeding ewes, selected for high or low CFW 

and high or low body weight, and held at higher or lower levels of stocking rate, will 

partition nutrition differently with reductions evident in body fat and reproduction. 

Also examined are the effects on carcase quality, growth and fleece production in 

their weaned offspring, as well as metabolic differences in their neonatal lambs. 
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Chapter 3  General materials and methods 

 

The intention of this chapter is to provide in greater detail, the physical and 

procedural structures that have supported the experimental methods. Greater details 

are provided for the selection of the ewe base, their nutritional provisions and 

management, the sampling procedures for animal and wool-based measures, and the 

reproduction management.  

 

3.1 Location  

 

The field trial was undertaken at the New South Wales Department of Primary 

Industries (NSW DPI) Cowra Agricultural Research and Advisory Station (AR&AS). 

The station is located on the Central West Slopes region of NSW (33°48'S; 148°42'E). 

Agriculture in the Cowra region is typically mixed farming with sheep and wheat the 

major enterprises. The research station has an elevation of 360 m. The 1906 to 2003 

average rainfall is 615 mm per annum (± 178 mm), which is uniform in its monthly 

distribution and winter dominant in reliability. The soil is a red brown earth. 

 

3.2 Animals 

 

Three hundred and fourteen medium wool Haddon Rig Merino ewes were sourced 

from the NSW DPI Trangie Agricultural Research Centre-based QPLU$ project 

(Taylor and Atkins 1997). These ewes were bred at Trangie between 1997 and 2001 

and had been selected to remain in the QPLU$ breeding flock on the basis of their 

index rank, within one of the five selection lines (industry, 3%, 8%, 15% micron 

premiums and a randomly selected control). Individual ewes remained in the QPLU$ 

breeding flock for at least two but up to six consecutive mating opportunities. No 

deliberate selection was applied to reproduction, such that dry ewes, including repeat 

dry ewes, were retained in the flock as dictated by their clean fleece weight (CFW) 

and fibre diameter (FD). 

 

Ewes not selected as replacements for the QPLU$ breeding flock for the 2005 mating, 

were available as base ewes for the present experimentation. Individual adult ewes 

from this pool of available ewes were allocated to one of four phenotypic groups 
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representing those sheep classified as high for both CFW and bodyweight (BWT) 

(HH) to those classified as low (LL) as well as the two combinations in between (HL 

and LH) based on their hogget CFW and FD within a drop (Table 3.1). Each ewe was 

allocated to one of the four groups using an equal weights index of their standardised 

deviation (z-score = (x-x̄  )/σ), with a revolving pattern of allocation, as described by 

Hatcher et al. (2004). This ensured that the most suitable ewe was allocated to each 

phenotypic group (see Appendix Table A3.1). The selection method ensured each 

phenotype had similar fibre diameter. The adult ewes were between 4 and 8 years of 

age at the time of experimentation and were retained at Cowra AR&AS between 2005 

and 2007, after which some selected ewes were transported to the NSW DPI Orange 

Agricultural Institute for an individual feeding pens study in animal housing. 

 

3.3 Nutrition treatments 

 

Feed intake was controlled via stocking rate (dry sheep equivalents per hectare, 

dse/ha) and the ewes were randomly allocated in equal proportion to two feed intake 

groups, high (15 dse/ha) and low (10 dse/ha). Ewes were randomly allocated to one of 

two replicates within each stocking rate level. Table 3.1 describes the initial number 

of ewes that commenced the study, within each phenotype and describes their age 

distribution and stocking rate treatment allocation. 

 

Table 3-1. The number of ewes in each phenotype (HH, HL, LH, LL) and 
nutrition group (10 dse/ha, 15 dse/ha) by year drop, in 2005. 
Phenotype HH HL LH LL  
Stocking 
rate 

10 15 10 15 10 15 10 15 Total 

          
1997 7 9 9 4 5 3 6 5 48 
1998 4 9 6 7 9 4 10 9 58 
1999 22 9 15 21 9 20 12 10 118 
2000   1      1 
2001 10 10 16 15 8 8 9 13 89 
          
Total 43 37 47 47 31 35 38 36 314 
 
In 2006, 92 replacement ewes were introduced into the project to replace ewe losses 

and cull ewes (Table 3.2). At the end of year 1, some 92 ewes were assessed as being 

unlikely to rear further lambs and were replaced after the first shearing but before the 
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subsequent joining. Reasons for expulsion were based entirely on strutural failure of 

teeth, udders, teats ans hooves. The replacement ewes were selected using the same 

method as the original base ewe flock, assessing surplus QPLU$ 2000 drop ewes. 

Selected ewes entering the experimentation were included after mouthing, udder 

inspection and a review of their lifetime reproductive histories. This process ensured 

the most suitable substitutes as replacement ewes. 

 
Table 3-2. The number of ewes in each phenotype (HH, HL, LH, LL) and 
nutrition group (10 dse/ha, 15 dse/ha), by year drop, in 2006. 
Phenotype HH HL LH LL   
Stocking 
rate 

10 15 10 15 10  15 10  15 Total 

          
1997 4 6 7 2 3 2 2 4 30 
1998 4 8 4 7 7 4 4 6 44 
1999 11 8 6 12 9 15 10 7 78 
2000 12 10 16 15 11 7 15 7 93 
2001 8 7 12 9 5 6 9 13 69 
          
Total 39 39 45 45 35 34 40 37 314 
 
The same phenotypic selection process was used to allocate rams to each phenotypic 

group. Three rams were used per phenotype, creating 12 single-sire mobs of 23 to 30 

ewes for joining and lambing. A revolving pattern of four-way allocation was used to 

randomise the ewes after sorting in descending order by current weight and fat depth 

(ultrasound scanned). This process resulted in similar average liveweight and fat 

depth between each replicate at the start of the stocking rate treatment (Table 3.3). 

 

3.3.1 Stocking rates  

Stocking rates were assessed using GrassGro, Prograze and GrazFeed decision-

making tools (Freer et al. 1997). GrassGro rated the Cowra AR&AS long-term 

average stocking rate to be 10 dse/ha. To restrict average annual feed intake, an 

elevated stocking rate from the historic station average was chosen to be 15 dse/ha. 

To decrease feed intake during periods of rapid growth, fencing was used to restrict 

grazing area, slashing was employed to reduce pasture bulk and additional dry sheep 

were added to compete for the lush green feed. 
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Table 3-3.Initial liveweight (kg), fat score, fat depth (mm) and muscle depth 
(mm), for each nutrition treatment at the commencement of the study. 
Data Replicate 10 dse/ha 15 dse/ha 

Liveweight (kg) 1 62.5 62.2 

Fat score  3.1 3.1 

Fat depth (mm)  4.2 4.3 

Muscle depth (mm)  27.0 26.8 

    

Liveweight (kg) 2 62.1 62.4 

Fat score  3.1 3.2 

Fat depth (mm)  4.1 4.4 

Muscle depth (mm)  26.9 26.5 

    

Mean liveweight (kg) Overall 62.3 62.3 

Mean fat score  3.1 3.1 

Mean fat depth (mm)  4.1 4.3 

Mean muscle depth 

(mm) 

 26.9 26.6 

 

During the five-week mating period, the ewes were removed from the treatment 

paddocks and placed in single-sire joining groups. The preceding 10 days prior to 

lambing and continuing through to lamb marking, all ewes were withdrawn from 

stocking rate treatments so as to meet conditions set by the NSW DPI Animal Care 

and Ethics Committee (ORA/005). 

 

3.3.2 Pasture estimates 

Available herbage mass was estimated at 20 known points transecting each 

experimental paddock. A 30 cm x 30 cm quadrat was placed on the ground at the 

sample site and the total dry herbage mass was estimated to the nearest 0.5 t/ha. 

Estimates of the proportion of green feed were visually assessed. The accuracy of the 

visual estimate was calibrated using pasture cuts that were initially assessed visually 

and then weighed. Assessments were performed weekly, with calibration cuts 

collected fortnightly, or when seasonal changes encouraged growth. 
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3.3.3 Supplementary feeding 

Insufficient rain during the autumn experimental periods in both 2005 and 2006 

resulted in a heavy reliance on pasture estimates and supplementary feed during mid-

pregnancy. During 2005, supplementary feed was offered during late pregnancy 

through to the end of lambing from June 17 to September 14. The quantity of feed 

offered was determined using pasture estimates, simulated Grazfeed estimates 

(Freer et al. 1997), liveweight and pregnancy data. The ewes were fed to maintain 

maternal liveweight in the 15 dse/ha replicates (kg/hd/day as fed) while 10 dse/ha 

replicates were fed 1.5 times that amount (kg/hd/day as fed). Rations included 77 % 

oats and 20 % narrow leaf lupin grain (L. angustifolia), estimated to provide a total 

ration offering of 11.8 megajoules of metabolisable energy (MJME) and 14% crude 

protein (CP). Mineral supplements were also added, including 1 % lime, 1 % salt and 

1% bentonite. The total mixed ration was offered to the ewes using lick feeders (Holst 

et al. 1992; Holst and Hall 1994), which were supplied at a maximum density of 1 

feeder for 80 ewes. 

 

Ewes were removed from nutritional treatment 10 days prior to lambing and were 

drafted into 12 single-sire lambing groups. They were supplementary fed to maintain 

average maternal liveweight (63 kg) during this time; to supplement the green pick 

available (400 - 600 kgDM/ha). The total mixed ration was as previously described 

and was offered at 800 grams/hd/day through lick feeders. 

 

During 2006, from mid-January to early March, the supplementary rations were 

offered with the dry pasture on offer (800 - 1,300 kg DM/ha). Quantities offered again 

varied according to pasture quantity and the proportion of green feed. Given the 

pastures varied in quality, it was decided that the 15 dse/ha treatments were to be 

maintained (kg/hd/day as fed) and the 10 dse/ha treatments were fed 1.2 times that 

quantity (kg/hd/day as fed). 

 

During joining from early March to mid April 2006, all mobs were offered 140 

g/hd/day of L. albus (12 MJME, 36% CP), as the joining paddocks varied 

considerably in feed quantity and quality. The single-sire mating program made it 
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difficult to maintain the effects of the previous stocking rate treatments during the 

second year of joining and for the lambing to weaning period in both years. 

 

From May 10th 2006, ewes were re-introduced to supplementary grain, using 77% 

triticale and 20% lupins, estimated to provide a total ration containing 12.8 MJME 

and 15% crude protein, as well as 1% lime, 1% bentonite and 1% salt. After a 10-day 

introduction period, the full ration started at 500 g/hd/day in the 15 dse/ha replicates 

and 750 g/hd/day for the 10 dse/ha A replicates. Mid-pregnancy rations were 

increased to 1,000 g/hd/day and 1,500 g/hd/day, and pre-lambing through to the end 

of lambing rations were 1,300 g/hd/day for the 15 dse/ha replicates and 1,950 

g/hd/day for the 10 dse/ha replicates. During lambing in both years all ewes were 

offered 1kg/hd/day of a ration containing 80% triticale and 20% lupin. This ration was 

designed to supplement the green pick available in the 12 single-sire lambing 

paddocks, and was lower in quantity to avoid grain poisoning for those ewes 

previously conditioned to lower quantities of grain. Grains were offered every second 

day through lick feeders. 

 

Due to an ongoing drought the triticale supplies became insufficient to meet sheep 

requirements, and oaten silage (8.5 MJME, 13.2% CP) was offered from June 19th to 

July 31st at 80 % of the ration and supported with triticale at 20 % of the ration. The 

ration offered 9.8 MJME and 13% CP, plus 1 % lime, 1% salt and 1% bentonite. The 

ewes held at 10 dse/ha were supplied with 2.5 kg/h/day of the total ration, while the 

ewes at 15 dse/ha were offered 1.8 kg/hd/day. To minimise wastage, all grains were 

offered using sheep lick feeders and silage was offered in hay feeders. Grains were 

supplied twice weekly and silage as required. 

 

The final treatment period occurred from marking in early October to early February 

2007. During this period two rations were offered. The first ration was supplied in 

early October to weaning on the 14th November and consisted of oaten silage (8.5 

MJME, 13.2 % CP, 53 % DOMD, and 40.6 % DM) at 1.8 kg/hd/day for the 15 dse/ha 

and 2.6 kg/hd/day for the 10 dse/ha replicates. These rations were designed to 

maintain the 15 dse/ha ewes at 61 kg liveweight and the 10 dse/ha ewes at 66 kg. The 

second ration, supplied from the late November to the early February, consisted of 

oaten silage and triticale grain at 2.3 kg/hd/day for the 10 dse/ha, and 1.8 kg/hd/day 
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offered to the 15 dse/ha. Due to the worsening drought conditions, the decision was 

made to move the ewes post-weaning from the barren paddocks to a feedlot. The ewes 

remained in their four treatment groups and the rations continued to be offered as 

described for the final treatment period. 

 

3.4 Sampling and measurements 

 

3.4.1 Liveweight 

Liveweight measurements were collected using a Ruddweigh sheep handler weighing 

crate, Ruddweigh loadbars, Ruddweigh 700 indicator and My Scale Pro® software. 

Each ewe and lamb was identified electronically using either an ear radio frequency 

identification device (RFID) or a rumen dispensed half-duplex bolus (Rumitag). From 

the 4th October 2006, a Prattley weighing and drafting crate with a Tru-test indicator 

(XR 3000), loadbars (MP series) and Link 3000® software were used. 

 

Ewes were weighed fortnightly during the treatment periods, but not during joining or 

from lambing to marking. In 2005 and 2006, weighing commenced at the completion 

of joining and continued to August, prior to the commencement of lambing. After 

lamb marking, liveweight recording continued to pre-shearing in February. No fasting 

curfew was applied to the ewes before each weighing session. Each stocking rate 

group were weighed in the same paddock order as soon as they arrived to the sheep 

yards. 

 

3.4.2 Fat score 

At monthly intervals, coinciding with liveweight measurements, subjective estimates 

for fat score were assessed (Shands et al. 2009; White and Holst 2001). Fat depth at 

the GR site (Figure 3.1) was estimated using a 5-point scale at the 12th rib, 110 mm 

from the spine. Ewes assessed with a fat score of 1 were judged to have between 1-

5mm fat depth at the site, fat score 2 were 6-10mm, fat score 3 were 11-15mm, fat 

score 4 were 16-20mm and fat score 5 were >20mm. 
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Figure 3-1. The site of fat score assessment. Taken from White and Holst (2001). 
 

Hopkins (1988) has shown that repeatability among trained operators can be high, 

with variation existing between operators, suggesting fat scoring is a learned skill, 

influenced positively by experience. Fat scores were estimated using whole numbers 

by one trained operator, with no attempt to predict the mm of tissue depth. 

 

3.4.3 Ultrasonic Fat depth and muscle depth 

Fat depth and muscle depth measurements were assessed at the FatC site, over the 

loin (M. longissimus) above the 12th rib. Measurements were collected at key 

treatment times: the start and finish of a treatment period and at regular physiological 

intervals including: mid-pregnancy, pre-lambing, weaning and pre-joining. 

 

All sheep were scanned using a real-time scanner (Honda Electronics, Model HS-

1201) using a 5 MHz linear probe. Vegetable oil was used as the coupling medium 

and the probe was placed on the skin by parting the wool. The probe was placed 

perpendicular to the body surface over the 12th rib and the subcutaneous fat depth at 

the C-site was measured. The depth of the m. longissimus thoracis et lumborum at the 

same site was also measured. All scanning was undertaken by the same experienced 

commercial operator, which has been recommended (McLaren et al. 1991). 

 

3.4.4 Wool growth 

Dyebands were applied to each ewe at particular stages during the treatment period, at 

the start of treatment after joining, mid-pregnancy, pre-lambing, lamb marking and 

weaning. A 1% (w/v) solution of Durafur Black with 1 ml hydrogen peroxide/100 ml 
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Durafur solution was applied at approximately 10 cm band lengths (Fig 3.2) at the 

mid-side (Langlands and Wheeler 1968; Wheeler et al. 1977). Samples were collected 

prior to shearing using Oster clippers and were measured into respective intervals for 

length (mm) to identify the rates of growth along the staple, according to the effect of 

treatment and physiological status. 

 

For analysis, the data was collated into the periods of wool growth (Fig 3.2). In some 

cases the dyebands were not clear across all the staples for some of the growth 

periods. Those missing bands from such individuals were not removed from the data, 

but instead the information was accumulated in a total length grown for analysis of 

the physiological stages of: pregnancy; lambing and lactation; and then the post-

weaning recovery (Fig 3.3). For every mid side sample, five estimates of each 

dyeband length were made using Vernier callipers by measuring the relaxed staple 

lengths at room temperature. 

 

 

 

 

 

 

Figure 3-2.Dyebands applied to the mid-side at key reproductive stages record 
staple length growth according to physiological status and the effects of 
phenotype and stocking rate treatment. 
 

Weaning 
Marking 

Lambing 

Mid-pregnancy 

End of joining 
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Figure 3-3.Wool growth periods during the three different physiological states, 
including the dry ewe period (recovery), the pregnant ewe (pregnancy) and the 
high energy demand period (lambing and lactation). This particular dam was 
scanned with twins and weaned no lambs. 
 

3.4.5 Wool quality 

Greasy fleece weights, including bellies, were collected at shearing and weighed 

using a TruTest indicator (XR3000) and loadbars (MP series). Mid-side samples were 

collected pre-shearing and sent to Australian Wool Testing Authority Limited 

(AWTA, Yennora, N.S.W.) for determination of staple length, staple strength, fibre 

diameter and clean washing yield. Each sample was weighed, washed in hot water 

with detergent, rinsed and oven-dried at 105°C. The oven-dried weight was recorded 

and 16% regain used to calculate the washing yield (YLD). Ten staples were 

subsequently taken from each mid-side sample for measurement of staple length (SL) 

and staple strength (SS) using the Automatic Tester for Length and Strength 

instrument (ATLAS, AWTA Ltd, Melbourne, Vic., Australia). A Shirley Analyser 

(Jack Thompson & Co, Moorabbin, Vic, Australia) was used to card the dried scoured 

sample before conditioning at 20°C and 65% RH for 24 h, after which 2-mm snippets 

were sampled via mini-coring. The snippets were measured for mean fibre diameter 

(FD), FD standard deviation (FDSD), FD coefficient of variation (FDCV) and mean 

fibre curvature (CURV) by Sirolan Laserscan (AWTA Limited). 

 

 

Pregnancy 

Lambing/Lactation 

Weaning 
Post-weaning 
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3.5 Reproduction husbandry 

 

3.5.1 Joining 

Twelve mobs were created from the entire base flock. The ewes comprising each mob 

were the same phenotype (3xHH, 3xHL, 3xLH, 3xLL) and were randomly allocated 

into one of three joining groups. The procedure sorted the ewes on their initial weight 

and fat depth (ultrasound scanned), and allocated the ewes three-ways using a 

revolving number pattern. The 12 mobs were single-sire mated in both 2005 and 2006 

and all rams were fitted with raddle harnesses and different coloured Matingmark 

marking crayons (Stockguard Laboratories (NZ) Limited). Ewes were monitored three 

times each week of joining to count crayon scores and observe joining patterns. At the 

joining mid-point (day 17), all crayons were replaced with a different colour to 

distinguish any ewes that returned to service or joined late. All ewes were joined to 

rams of the same phenotype for a five-week single-sire joining. 

 

3.5.2 Pregnancy scanning 

At day 90 of gestation, as determined from the average joining date for each crayon-

scored ewe, all ewes were pregnancy tested using a linear array (Toshiba SAL 32B) 

portable realtime ultrasound by an experienced commercial sheep pregnancy scanner. 

Scanning aimed to determine the number of foeti and an estimate of foetal age, where 

foeti were classified as early or late gestational age. 

 

3.5.3 Lambing 

Prior to lambing, approximately 10 days before the first lamb was expected to be 

born, all ewes were drafted into single-sire lambing groups for mid-side number 

branding with Siro-Mark® paint for identification. Lambing data records included 

sire, dam, birth type, birth weight, sex, lamb identification, birth date, death date and 

additional comments including udder and teat condition, illnesses and mismothering 

records. During 2005 some lamb losses occurred as a result of structural udder 

failures. All ewes that were noted with the udder failure were culled and replaced the 

following year. 
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3.5.4 Post-mortem 

All deceased lambs found during lambing were examined for the cause of perinatal 

mortality. Post-mortem examinations were undertaken according to Holst (2004), 

where evidence including: the presence or absence of: milk in the stomach; 

subcutaneous oedema; and the presence or absence of lesions and haemorrhages in the 

cranium and spinal cord were primarily used to define the cause of death. All 

autopsies were undertaken in laboratory facilities using a standard boning knife and 

foot-paring hand shears. 
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Chapter 4  Liveweight, fat score, muscle and fat depth, and wool growth in adult 

ewes 

 

4.1   Introduction 

 

When the value of meat becomes more attractive to the commercial grower than that 

of wool, the relative importance of relationships between wool, body composition and 

reproduction traits change. Growth rate and the number of lambs weaned become 

more important production outcomes. This is particularly an issue for the Merino 

breed, where emphasis on increased CFW has been linked to leanness and reduced 

reproductive outcomes (Adams and Cronje 2003). Of concern is whether these 

relationships have an impact on the fitness of the Merino breed (Adams et al. 2007). 

 

In a review of weighted genetic parameter estimates, Safari et al. (2005a) reported a 

weak negative genetic relationship between CFW and fatness (-0.19), but a weakly 

positive (0.17) phenotypic correlation. Using young Merino wethers, Li et al. (2008) 

also describes increased fatness among genetically high CFW sheep. These findings 

are in contrast to those of Adams et al. (2006). Variation also exists between animals 

of different ages, for example Lee et al. (2002) reported that adult wethers had a very 

different phenotypic correlation (-0.03) compared to mixed sex young sheep (0.27). In 

hogget rams, Greeff et al. (2008) reported weak negative phenotypic correlations 

between CFW and ultrasound scanned fat depth (-0.04) and fat depths at the GR site 

(-0.05). However, it is among adult Merino ewes that the phenotypic relationships are 

of greatest interest because of the importance of fatness to reproduction (Oldham and 

Thompson 2004). 

 

Similarly to CFW and fatness, there are contrasting reports for the relationships 

between CFW and reproduction. For example, a number of negative genetic 

correlations between fleece weight and reproduction without any phenotypic 

relationship have been reported by Huisman and Brown (2009). In support, Ferguson 

et al. (2007) reported singleton lamb survival was reduced in genetically high CFW 

animals but not for twin born lambs. In contrast, Safari et al. (2005b) reported no 

genetic, yet weak negative phenotypic correlations. When the costs of previous 
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reproduction are carried forward to the next cycle they are likely to be exacerbated by 

conditions of low nutrition (Waters et al. 2000). 

 

These observations indicate unclear relationships between wool growth, nutrition and 

reproduction and the impacts on subsequent reproductive performance. It is also 

unclear what happens to body fatness when nutrition is restricted in reproducing adult 

ewes that have high or low CFW and BWT selection. A two year field experiment 

using mature reproductive Merino ewes of varying CFW and BWT phenotypes was 

initiated to examine changes in liveweight, fat score, ultrasound scanning fat depth 

and muscle depth. The hypothesis being tested was that dams selected for high CFW 

and high BWT, maintained at higher stocking rates, will be leaner than dams selected 

for low CFW or low BWT. 

 

4.2 Materials and methods 

4.2.1 Animals 

Three hundred and fourteen medium wool Haddon Rig Merino ewes were selected 

from the NSW DPI Trangie-based QPLU$ project (Taylor and Atkins 1997) in 2005. 

The experiment was conducted at the Agricultural Research and Advisory station at 

Cowra, N.S.W. The selected ewes were chosen to represent four phenotypes varying 

in CFW and bodyweight (BWT), respectively High CFW/High BWT (HH), HL, LH 

and LL. All phenotype groups had similar hogget fibre diameter. Ewes were allocated 

to the phenotypes using an index that ranked standardised deviations (z-scores) 

calculated from their hogget performance for CFW and off-shears BWT (Hatcher et 

al. 2004). Dams with positive index values were defined as High for the trait, and 

those with negative index values were defined as low. 

 

The allocation of the ewes to the nutrition treatment replicates involved a stratified 

randomisation. Ewes were sorted by liveweight and fat depth within each CFW/BWT 

phenotype and allocated to one of the four replicates (2 replicates for high stocking 

rate and 2 replicates for low stocking rate) using a revolving pattern of allocation. 

Revolving the allocation to replicate ensured that the heaviest and fattest animals were 

not selected to one replicate. This process resulted in similar mean liveweight (62.1 – 

62.5 kg), fat depth (4.1 – 4.4 mm), muscle depth (26.5 – 27.0 mm) and fat score (3.1 – 

3.2) between each replicate at the start of the stocking rate treatment. 
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4.2.2 Stocking rate treatment and nutrition 

Stocking rates were determined using GrassGro® (Moore et al. 1997), which 

calculated the long-term average stocking rate to be 10 dse/ha. The second stocking 

rate was designed to restrict average annual feed on offer and was set at 15 dse/ha. 

Table 4.1 describes the seasonal rainfall conditions and estimates of total pasture 

growth for each of the two years of the experiment. In Spring 2005, in the high 

stocking rate paddocks, the pasture height was reduced from 2000kg DM/ha to 1000 

kg DM/ha by slashing and additional sheep were introduced to restrict feed intake. 

Supplementation was required for all treatments from January 2006 to February 2007 

as pasture mass was limited to <500 kg DM/ha with minimal or nil pasture growth. 

The supplementary rations were designed to offer sub-maintenance rations, based on 

the mean liveweight of dams at high stocking rates. Dams at low stocking rate were 

subsequently offered rations 30-40% more than the high stocking rate dams. 

Calculations using Grazfeed (Freer et al. 1997) determined the sub-maintenance 

rations. Supplements included oat, lupin and triticale grain and during 2006, oaten 

silage was employed as the roughage base. 

 

Table 4-1.Descriptions for seasonal conditions and estimates of the total pasture 
growth for each year. 

 

During the 5 week joining and lambing periods, the ewes were removed from the 

treatment paddocks and placed in single-sire joining groups. For the 10 days 

preceding lambing through to lamb marking, three weeks after the last lamb was born, 

all ewes were withdrawn from the stocking rate treatment to meet conditions set by 

the Industry and Investment NSW Animal Care and Ethics Committee (ORA/005). 

Weaning occurred at thirteen weeks, when the average lamb was 89 days of age. At 

the end of year 1, some 160 ewes were assessed as being unlikely to rear further 

Season 2005 2006 

 Seasonal 

condition 

Pasture growth Seasonal 

condition 

Pasture 

growth 

Autumn Dry Nil Dry Nil 

Winter Average 1000 kg DM/ha Dry 800 kg DM/ha 

Spring Wet 2500 kg DM/ha Dry Nil 

Summer Dry Nil Dry Nil 
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lambs and were replaced after the first shearing but before the subsequent joining. 

Reasons for expulasion were based entirely on strutural failure of teeth, udders, teats 

ans hooves. 

 

4.2.3 Liveweight, fat and muscle depth scanning and fat scoring  

Ewe liveweight was collected fortnightly using radio frequency identification devices 

and electronic weighing apparatus. At monthly intervals, coinciding with liveweight 

measurements, subjective assessments of fat score were taken (Shands et al. 2009). 

Fat and muscle depth measurements were assessed over the loin (m. longissimus 

lumborum) above the 12th rib using realtime ultrasound (Honda Electronics, Model 

HS-1201) with a 5 MHz linear probe. Measurements were collected at key treatment 

times: the start and finish of a treatment period, and at regular intervals, including 

mid-pregnancy, pre-lambing, weaning and pre-joining. 

 

4.2.4 Wool growth and dyebanding 

Dyebands (Wheeler et al. 1977) were applied to each ewe commencing in the short 

wool after joining and coinciding with mid-pregnancy, pre-lambing, lamb marking 

and weaning. Samples were measured into respective intervals for length (mm) to 

identify the rates of growth along the staple. Vernier callipers were used to measure 

the relaxed staple lengths in an air conditioned room at 21°C. Mid side wool samples 

were collected prior to shearing, at the same time as dyeband sample collection. Mid 

side wool samples were analysed for mean fibre diameter (via Laserscan), clean 

washed yield and staple strength. 

 

4.2.5 Statistical analysis 

Fat depth, muscle depth and fat score data were analysed using linear mixed models 

in ASReml (Gilmour et al. 2002). In addition to the main effects of phenotype (CFW 

and BWT) and stocking rate, each model included the respective number of lambs 

weaned. Random terms included dam, sire (15), year (2005, 2006), paddock (4), 

replicate (4), randomisation group and their interactions. The day of the measurement 

was included as a covariate for the analysis of fat score, fat depth and muscle depth. 

The repeated measures data were fitted to a spline for the Julian date, which was 

allowed to vary from linear trends between the data points. Non-significant terms 
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were sequentially removed from the model. Maternal liveweight (fleece and 

conceptus free) was calculated by adjusting liveweights for fleece and conceptus 

growth information. Estimates for fleece weight increases over time were made using 

the previous fleece weight. Maternal liveweight (fleece and conceptus free) was 

calculated by adjusting liveweights for fleece and conceptus growth information. 

Estimates for fleece growth were made using the previous fleece weight. Further 

liveweight adjustments were made by including estimates of conceptus growth rates 

during pregnancy. The modelling software used was described by Geenty et al. (2007) 

and was based on algorithms developed by Freer et al. (1997). Maternal liveweight 

was used as a covariate for analyses of muscle and fat depths. For analysis of 

repletion of body reserves, those dams carried forward (n = 154) into the second year 

of the experiment were examined for the total differences in fat depth, fat score and 

muscle depth between weaning and the subsequent joining measures. This involved 

subtracting the measure recorded at joining from that recorded at weaning. 

 

Analysis of the dye band staple length intervals used a model that included the main 

effects of CFW, stocking rate and the number of lambs scanned, born or weaned. 

Random terms included dam, sire, year, paddock, replicate, randomisation group and 

their interactions. In total, 563 dyeband measurements were analysed. The number of 

lambs scanned was included as a main effect for analysis of staple length grown 

between joining and mid-pregnancy. The number of lambs born was included as a 

main effect for the staple length grown between mid-pregnancy and lambing. Number 

of lambs born was also included in separate analyses for the whole pregnancy and 

from joining to pre-lambing. The number of lambs weaned was used as a main effect 

from lambing to the next joining for the post-weaning ‘recovery’ period. 
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4.3 Results 

 

4.3.1 Maternal liveweight, fat depth, muscle depth and fat score 

 

Clean fleece weight selection 

Throughout the experiment, the high CFW phenotypes had heavier overall mean 

maternal liveweight (61.8 v 60.1 kg, l.s.d. 1.7, P < 0.01) and proportionately 

decreased muscle depth (23.7 v 24.4 mm, l.s.d. 0.5, P = 0.025) and fat depth (3.1 v 

3.4 mm, l.s.d. 0.2, P = 0.002). At the commencement of joining (D0), high CFW 

dams that were to wean twin lambs were the same weight as dry dams and heavier 

than low CFW twin weaning dams (P < 0.001). However, by lambing (D150), these 

dams were lighter than dry and high CFW single weaning dams and no longer 

signficantly heavier than low CFW twin weaning dams (Table 4.2). There were no 

significant interactions between CFW and time for effects on muscle depth. 

 

Table 4-2.Maternal liveweight (kg) throughout gestation, including joining (D0), 
lambing (D150) and pre-joining (D300), for each weaning status and high and 
low CFW group. 
Days from 

the start of 

joining 

CFW Dry Single Twin l.s.d. P 

D0 62.0 ef 62.8 f 62.3 ef 1.4 0.001 

D150 62.3 ef 62.1 ef 59.7 abcd   

D300 

High  

64.4 g 63.2 fg 58.8 ab   

       

D0 59.6 abcd 60.1 bcd 60.3 cd   

D150 59.4 abc 59.4 abc 58.6 a   

D300 

Low 

61.0 de 60.4 cd 58.6 a   
AValues with unlike superscripts denote significant difference between rows and 

columns 

 

High CFW twin weaning dams depleted fat score at a faster rate than low CFW twin 

weaning dams to D200 (Table 4.3) as indicated by fat score (2.3 v 2.5) and at D300 

these differences persisted (2.4 v 2.6, l.s.d. 0.15, P < 0.05). Overall, the rate of 
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repletion post-weaning tended to be influenced by CFW (P < 0.1). Dry high CFW 

dams also increased fat score faster between autumn and winter, which is equivalent 

to the stages of mid pregnancy (D90) and lambing (D150). Between weaning in year 

1 and joining in year 2, high CFW dams increased their fat score more than low CFW 

dams (0.52 v 0.15, l.s.d. 0.3, P = 0.026).  

 

Table 4-3.The annualised two year mean fat score of twin weaning dams for high 
and low CFW dams at equivalent gestation days, including joining (D0), lambing 
(D150) and pre-joining (D300). 
Days from the 

start of joining 

High CFW Low CFW l.s.d. P 

D 0 2.64 de 2.66 e 

D 50 2.35 bc 2.40 bc 

D 100 2.04 a 2.12 a 

D 150 2.49 cd 2.61 de 

D 200 2.29 b 2.45 cd 

D 250 2.38 bc 2.57 de 

D 300 2.35 bc 2.58 de 

0.15 0.035 

AValues with unlike superscripts denote significant difference between rows and 

columns 

 

Bodyweight selection 

Throughout the trial, the high BWT group had heavier overall mean maternal weight 

(63.8 v 58.4 kg, l.s.d. 1.7, P < 0.001) and proportionally smaller muscle depth (23.7 v 

24.3 mm, l.s.d 0.6, P = 0.013) and fat depth (2.9 v 3.5 mm, l.s.d. 0.2, P < 0.001). 

BWT had no effect on fat score (2.56 v 2.63). Twin weaning dams were the lightest in 

maternal weight within BWT group, while singles and dry dams were not 

significantly different (Table 4.4). High BWT dams were always heavier than low 

BWT, and twin weaning high BWT dams were at all times heavier than dry low BWT 

dams. 
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Table 4-4. Maternal weight (kg) of high and low BWT dams according to the 
number of lambs weaned. 
BWT Dry Single Twin l.s.d. P 

High 64.6 d 64.8 d 62.3 c 1.25 0.001 

Low 59.0 b 58.6 ab 57.7 a   
AValues with unlike superscripts denote significant difference between rows and 

columns 

 

Stocking rate 

Dams at the low stocking rate had a heavier overall mean maternal liveweight (62.0 v 

60.1 kg, l.s.d. 0.7, P < 0.001). Stocking rate was shown to have a significant effect on 

fat score (P < 0.05), where the ewes on low stocking rate were fatter (2.9 v 2.6, l.s.d. 

0.1, P < 0.001). When maternal liveweight was included as a covariate, no effects on 

stocking rate were observed for muscle or fat depth. 

 

Litter size 

Dams that were dry or weaned single lambs had the same mean maternal liveweight 

(61.8 v 61.7 kg) and twin weaning dams were significantly lighter (60.0kg, l.s.d. 0.4, 

P < 0.001). Changes in muscle depth were also observed according to rearing status 

with twin rearing dams having 0.4 mm less muscle depth before lambing (l.s.d. 0.4, P 

< 0.01). These differences were maintained from lambing at D150 to D300, with the 

twin weaning dams having 0.6 mm less muscle depth. Dry dams had the largest 

muscle depth, compared to single and twin ewes, respectively (24.5 v 24.1 v 23.8 mm, 

l.s.d. 0.3, P < 0.01). 

 

Fat depth was also reduced respectively from dry to single to twin rearing status (3.4 v 

3.2 v 3.1 mm, l.s.d. 0.1, P = 0.006), and changed significantly throughout the year. 

Those dams weaning twins were fatter than dry ewes at the commencment of joining 

(D0), but the leanest of all ewes by D150 (Table 4.5). At D200, each rearing status 

was significantly different (P = 0.008), and these differences were maintained to 

D300. Similarly fat score was also reduced, with dry, single and twin rearing status 

(2.80 v 2.66 v 2.40, l.s.d. 0.04, P < 0.001). 
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Table 4-5.Fat depth (mm) changes throughout the year according to the number 
of lambs weaned adjusted for maternal live weight. 
Days from the 

start of joining 

Dry Single Twin l.s.d. P 

D0 2.3 bc 2.5 bcd 2.6 df 0.18 0.001 

D50 3.5 jk 3.5 jk 3.6 k   

D100 3.3 hi 3.2 ghi 3.2 g   

D150 2.6 ef 2.5 ce 2.3 b   

D200 2.6 df 2.4 bc 2.1 a   

D250 4.2 m 3.8 l 3.4 ij   

D300 4.2 m 3.8 l 3.2 gh   
AValues with unlike superscripts denote significant differences within and between 

columns. 

 

4.3.1 Fleece growth 

Forty five percent of staple length was grown in the post weaning recovery period 

between weaning and the next joining (36.7 mm), while the length grown during 

pregnancy (18.2 mm) and lactation (27.1 mm) represented 22% and 33% respectively 

(l.s.d. 0.45, P < 0.001). 

 

Clean fleece weight selection 

The weight of the clean fleece was strongly influenced by the phenotype, where high 

CFW dams produced heavier fleeces (4.5 v 3.8 kg, l.s.d. 0.09, P < 0.001) that were 

broader in diameter (20.6 v 20.0 µm, l.s.d. 0.23, P = 0.012) and had a higher fibre 

tensile strength by 3.4 N/kT (l.s.d. 2.2, P < 0.01). Staple length was greater in the high 

CFW dams (86.6 v 83.6 mm, l.s.d. 0.84, P < 0.001) and Table 4.6 shows high CFW 

dams grew longer staples during pregnancy and the recovery period (P = 0.02). Table 

4.7 shows high CFW dams weaning twins produced heavier fleeces than low CFW 

dams that weaned either single or twin lambs (P = 0.03). High CFW dams weaning 

single lambs also produced a heavier clean fleece than dry low CFW dams. 

 

Bodyweight phenotype  

The high BWT group had lower staple length (83.9 v 86.3 mm, l.s.d 0.83, P = 0.007) 

but there were no significant differences for fleece weight, fibre diameter or staple 
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strength. The reduction in staple length occurred in the period between marking and 

weaning, where high BWT dams grew less wool (12.1 v 12.4 mm, l.s.d. 0.28, P = 

0.03). 

 

Stocking rate 

Low stocking rate had a moderate effect on total clean fleece weight (4.3 v 4.1 kg, 

l.s.d. 0.11, P = 0.022) while significant increases in length growth were also observed 

(Table 4.6) but only during pregnancy and not lactation or recovery (18.6 v 17.9 mm, 

l.s.d. 0.68, P = 0.03). Most of the difference at this time occurred between mid 

pregnancy and lambing (8.2 v 7.8 mm, l.s.d. 0.4, P < 0.01). 

 

Litter size 

Effects on fleece components were largely due to the effect of weaning twin lambs. 

Dry dams produced a heavier clean fleece than single and twin weaning dams, 

respectively 4.4, 4.2 and 3.9 kg (Table 4.6: l.s.d. 0.08, P < 0.001) and ewes weaning 

twin lambs were 0.5 µm finer compared to dry ewes (l.s.d. 0.32, P = 0.028). Dry dams 

had greater staple strength (29.8 N/ktex) than single and twin weaning dams, 

respectively (26.8 and 24.4 N/ktex) (l.s.d 0.26, P = 0.001). 

 

Table 4-6.Factors affecting mean dyeband staple length (mm) grown during the 
stages of reproduction. 

Trait  Pregnancy Lactation Recovery l.s.d. P 

High 19.0 b 27.5 c 37.7 d CFW 

Low 17.4 a 26.8 c 35.7 e 

0.71 0.02 

10 dse/ha 18.6 b 27.0 c 36.5 d Stocking rate 

15 dse/ha 17.9 a 27.3 c 36.9 d 

0.68 0.03 

Dry 19.1 b 28.1 d 35.8 e 

Single 18.1 a 27.4 d 37.0 f 

Lambs weaned 

Twin 17.5 a 25.9 c 37.2 f 

0.82 0.001 

AValues with unlike superscripts denote significant difference between rows and 

columns for each trait 

 

Ewes weaning twin lambs grew the shortest staple length (80.6 mm, l.s.d. 1.4P < 

0.01) but single (82.5 mm) and dry dams (83.4 mm) were not significantly different. 
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These length differences were apparent throughout the year (Table 4.7). During the 

recovery period, dry dams grew the least staple length (35.8 mm) compared those that 

weaned a single or twin lambs (37.0 and 37.2 mm, l.s.d. 0.8, P < 0.001). 

 

Table 4-7. Factors affecting mean clean fleece weight (kg), predicted with 
maternal weight as a covariate for effects of CFW, and the interaction between 
CFW and the number of lambs weaned. 

  CFW (kg) l.s.d. P 

High 4.48a CFW 

Low 3.83b 

0.17 0.001 

     

10 dse/ha 4.31a Stocking rate 

15 dse/ha 4.07b 

0.11 0.022 

     

Dry 4.42 a 

Single 4.23 b 

Wean 

Twin 3.91 c 

0.08 0.001 

     

CFW Lambs weaned    

Dry 4.80 e 

Single 4.54 d 

High 

Twin 4.18 c 

Dry 3.98 bc 

Single 3.88 b 

Low 

Twin 3.62 a 

 

0.23 

 

0.03 

AValues with unlike superscripts denote significant difference between rows for each 

trait 

 

At both stocking rates, the HH and HL phenotypes grew greater wool length during 

pregnancy compared to LH and LL dams, driven largely by CFW (Table 4.8). HH 

dams (HCFW, HBWT) at high stocking rate grew less wool length during pregnancy 

(P = 0.02). No other phenotypic combinations were affected by stocking rate. 
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Table 4-8. Staple length (mm) growth during pregnancy (D0 to D150) at two 
stocking rates (dse/ha). 
Phenotype 

(CFW,BWT) 

10 dse/ha 15 dse/ha l.s.d. P 

HH 19.9 d 18.3 ab 1.2 0.023 

HL 19.6 cd 19.5 bcd   

LH 17.7 a 17.8 a   

LL 18.7 abc 17.6 a   
AValues with unlike superscripts denote significant difference between rows and 

columns 

 

4.4 Discussion 

The effects of CFW phenotype on fatness in adult Merinos ewes are associated with 

small increases in maternal liveweight and decreases in muscle and fat depth. This 

contrasts with the findings of Hatcher et al. (2004), where there were no significant 

effects for CFW on fat depth, muscle depth and fat score for animals at 10 months of 

age. Such findings support the concerns that the high CFW Merino dams may be 

more vulnerable to severe nutritional stress, a consequence of the Merino’s history of 

selection for high CFW (Greeff et al. 2008). However, the size of the effect is not 

large, mostly a matter of 0.3 mm fat depth or 0.3 fat score. The seriousness of the 

potential effect on carcase attributes (Refshauge et al. 2008) or some measures of 

reproduction (Hatcher and Atkins 2007) may be relatively minor and yet may have 

the capacity to affect reproduction on a farm scale (Oldham and Thompson 2004). 

 

Based on the phenotypic correlations between wool weight and animal fatness (Safari 

et al. 2005a) it would be expected that the high CFW dams would be marginally 

fatter. In this study this expectation was true in two instances: for dams that failed to 

wean lambs, but only at times equivalent to mid pregnancy and lambing. The other 

instance occurred in the recovery period, where high CFW dams tended to replete 

their fat score faster than low CFW dams. This observation suggests a change in the 

partitioning of nutrition according to CFW selection. It also suggests that these ewes 

may be more efficient and, more likely, have a greater feed intake (Lee and Atkins 

1995), as their staple length growth was also greater at this time. Rates of depletion 
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and repletion indicate that high CFW dams are responsive to the demands of 

pregnancy and wool growth, regardless of the level of stocking rate. 

 

Dams weaning twin lambs had the least wool growth during pregnancy and lactation, 

but as with single weaning dams, the most growth was in recovery. It was during the 

recovery period that the majority of the fleece staple length (45%) was grown, and 

this pattern was also observed in 5 months over summer and autumn by Lee and 

Atkins (1995) and Waters et al. (2000). The effects of stocking rate were more 

apparent at the whole fleece level, where low stocking rate dams grew heavier fleeces, 

and some of the difference was due to length increases during mid pregnancy through 

to lambing. Although the effects of stocking rate treatment are minor they are 

consistent with other findings (e.g. Thompson et al. 1994). 

  

In studies using dry Merinos selected for high genetic wool growth, Li et al. (2007) 

reported greater rates of protein synthesis in animals superior for CFW at two levels 

of feed intake, and also suggested that the fractional synthesis rate in high CFW 

genotypes was more responsive to higher feed intake. Li et al. (2008) showed that 

genetic selection for wool growth increased the efficiency of dietary protein and 

energy use but may not have affected the maintenance requirement, and that there 

were no large trade-offs between nutrient deposition in the body and wool in high 

CFW genotypes. Our study supports that finding, where high CFW phenotypes 

constantly grow more wool yet experienced small declines in fat score in pregnancy 

and greater increases in fat score post weaning. This suggests that wool growth is 

more reliant on protein sources than energy sources and that selection for increased 

CFW may help to protect the traits under selection pressure from nutritional 

deprivation (Lobley 1998). 

  

Our findings also demonstrate that high CFW dams weaning twin lambs are most at 

risk of sub-optimal body condition, which is occurring without interaction at low 

stocking rate. This suggests that the effects on repletion and depletion are consistently 

applied across seasons and years. That supplementary feeding could not illicit a 

significant response in the stocking rate groups suggests that these animals were 

homogenous in their response and that the effects of CFW are minor relative to the 

effects of the season itself. 
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It can be concluded from this work that when stocking rate begins to limit wool 

growth, the highest production phenotype can experience limitations, although the 

size of the effect is small relative to the effects of increasing litter size. The overall 

difference in fat score between high and low CFW dams may have negative 

implications for reproduction, but only for twin rearing dams. Twin rearing, high 

CFW dams are most likely to experience limited fat reserves as they deplete faster 

through pregnancy and lactation, however, there was some evidence that they can 

replete faster when non-reproductive, suggesting an element of compensation post 

weaning. These same dams also have a higher maternal weight; produce heavier, 

although broader, fleeces of longer staple length and higher staple strength. 

  

The lack of interactions between stocking rate and CFW suggest that the effects of 

nutrient partitioning on body composition are small and not easily distinguished 

without severe restrictions, and also that these animals respond similarly at different 

levels stocking rates. For industry this means that management decisions, within the 

vagaries of any particular year, are not likely to penalise high CFW dams anymore 

than low CFW dams. During the two years of this experiment, only during pregnancy 

were the effects of stocking rate significantly different. And in that instance the 

interaction with high BWT was an additional draw on nutrition. 

  

The implications of these findings extend to discussion on fitness: the capacity to 

survive and to reproduce under varying conditions. The findings show that twin 

bearing, high CFW dams, lose the most amount of liveweight, muscle depth, fat score 

and fat depth while growing longer staples and heavier fleeces but that the effects on 

the body assessments do not linger. This suggests an ability to compensate fat 

reserves irrespective of the levels of nutrition on offer when the demands of 

pregnancy and lactation cease. The conclusion is that because the reductions in 

liveweight and fatness are small, selections for increased CFW should continue. It is 

not recommended to manage sheep according to their CFW performance but instead 

according to the level of fat reserves and their litter size. 
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Chapter 5  Ewe reproduction and lamb survival 

 
5.1 Introduction 

 

Interest has been renewed in Merino reproduction, with the improvement of lamb 

survival being identified as important (Paganoni et al. 2006). Selection for high CFW 

has been associated with decreased metabolic energy status and reduced fatness 

(Adams et al. 2006a) and there is concern in the industry that at low planes of 

nutrition, partitioning of scarce nutrients to wool production may deplete body 

reserves and result in decreased reproduction (Cronje and Adams 2001). A negative 

genetic correlation between CFW and the number of lambs weaned per ewe lambing 

has been reported as -0.10 (Safari et al. 2005a) and more recently reiterated (-0.11) 

(Safari et al. 2007b), while Piper et al. (2007) reports a strong negative genetic 

correlation of -0.4. The phenotypic correlation between CFW and the number of 

lambs weaned per ewe joined is -0.18 (Safari et al. 2007b). In South African Merino 

selection lines, Cloete et al. (2004) has reported no genetic correlation (-0.01 ± 0.22) 

or phenotypic correlation (-0.01 ± 0.02) between the number of lambs weaned and 

greasy fleece weight. The role of the phenotypic correlation is important to the 

commercial producer, particularly as Hatcher and Atkins (2007) have shown that 

phenotypic selection for high CFW reduces progeny survival to weaning by 4% 

compared to low CFW animals. The range of differences in that study was between 0 

and 11%, and influenced negatively by years of drought. There was no divergence 

between lines selected for CFW in a multitrait CFW selection flock re-evaluated 

recently by Piper et al. (2007), despite a strong negative (-0.42) genetic relationship. 

 

The fertility of the Merino is considered low compared to other breeds and Kleemann 

and Walker (2005) report that while fecundity of the Merino is not problematic and is 

sufficient to lift reproduction rates, the survival of Merino lambs is reported as low, as 

found by others (McGuirk 1982). The main source of reproductive wastage occurs at 

lambing (Kleemann and Walker 2005), where most losses are twin-born lambs (Holst 

et al. 1986), which is common across breeds (Atkins 1980). 

 

In a review of 18 years of commercial lambing data, Holst et al. (1988) highlighted 

the importance of nutrition during the previous year to be important to subsequent 
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twinning rates. Cumming et al. (1978) noted similar trends, where increases in 

liveweight were associated with increased fecundity. Changes in muscle and fat tissue 

are also influenced by the fertility and fecundity of the ewe (Lambe et al. 2004); 

barren ewes have greater liveweight and fatness as a result of their reproductive 

failure in the year the ewe was barren and in the following year. Conversely, those 

ewes that rear lambs to weaning exhibit reductions in liveweight and condition score 

in the following year (Lee and Atkins 1995; Waters et al. 2000). 

 

In addition to the effects of nutrition, genetic selection for rearing ability can lead to 

improvements in fertility, achieved through increases in the number of twin lambs 

born and their subsequent survival (Haughey 1984). The genetics of reproduction in 

the Merino are important to consider because while heritability and repeatability are 

low (Kennedy 1967; Lee et al. 2009; Young et al. 1963), aspects of reproductive 

performance are repeatable. For example, ewes failing to rear lambs (non-pregnant, 

dry ewes or ewes that lambed and lost) in one year are likely to wean fewer lambs the 

following year (Dun 1961; Lee and Atkins 1994; Lee et al. 2009). Despite the 

difficulties, it is possible to bring about change over time through accurate selection 

(Cloete et al. 2009). Hatcher et al. (2010) explain that this is because the main 

determinant of the repeatability of lamb survival is the permanent environmental 

component of the dam, where the factors that contribute to the survival or the 

mortality of the lamb operate most strongly in the first week after lambing. The 

contribution of the dam to a successful rearing outcome is paramount and this was 

well demonstrated by Kuchel and Lindsay (1999), where superfine-wool Merino 

embryos were transferred to medium-wool Merino ewes, which substantially 

improved rearing success of the transferred embryos, compared to the rearing success 

of the superfine-wool dams rearing their own lambs. Thus, bloodline differences may 

be important. 

 

The factors affecting lamb survival include birth weight, litter size, sex, ease and 

length of parturition, inclement weather and the development of the maternal bond 

with the dam. In diverse genotype studies, sire and sex have not been important 

factors for lamb survival (Fogarty et al. 1995). Murphy and Lindsay (1996a) found 

that the development of the maternal bond is critical during the first hour, and lambs 

that vocalised less and were less active had higher mortality rates. Nowak and 
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Poindron (2006) found twin lambs require six hours at the birth site to establish a 

good maternal bond. Although improved ewe nutrition in late gestation was able to 

increase activity and vocalisation, survival was not significantly improved (Murphy 

and Lindsay 1996b). 

 

The most important factor affecting post-natal lamb survival is the starvation, 

mismothering and exposure (SME) complex. This complex may claim up to 58% of 

postnatal mortalities while dystocia may account for around 18% (Luff 1979). 

Starvation is the reason most lambs die, however the cause of starvation may be more 

insidious. Cranial and central nervous system (CNS) lesions are commonly associated 

with the starvation symptom, and may account for up to half of all SME postnatal 

mortalities (Marchant 2004). Holst et al. (1997) and Holst et al. (2002) reported that 

66% of Merino, Merino 1st cross and 2nd cross lambs suffer from symptoms of 

dystocia, as characterised by cranial and CNS lesions. The factors affecting dystocia 

include litter size and birth weight (Hall et al. 1995). 

 

The type of birth accounts for most deaths through losses of twin lambs. Litter size 

has a large influence over birth weight, which has a very strong correlation to 

survival. The ideal birth weight for Merinos was proposed at 3.5 – 4.5 kg (McGuirk 

1982), yet concerns about the implications of increasing birth weight for all lambs has 

been raised by Atkins (1980) as a general increase would not improve survival of 

heavy single lambs nor address the needs of very light lambs. 

 

The manipulation of nutrition has been discussed as a tool for post-natal mortality 

management and mid-pregnancy has been identified as a period of importance. Holst 

et al. (1992) found no affect on birth weight of lambs after a 40 day below 

maintenance mid-pregnancy restriction. Yet, in other studies, despite achieving 

significant birth weight differences among progeny of dams subjected to a mid-

gestational feed restriction, Holst and Allan (1992) reported no differences in lamb 

survival among singleton lambs. In a smaller study, Kenyon et al. (2006) found that 

mid-pregnancy shearing of hogget dams can improve lamb birth weight in singles, not 

twins, but without an effect on survival. 
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The selection of non-pregnant, maiden Merino ewes for high CFW production has 

been shown to limit energy availability (Bermingham et al. 2004; Breigel et al. 2004; 

Adams et al. 2006a) and consequently, at levels of low nutrition, such conditions are 

exacerbated (Adams et al. 2006a). The impact of the lowered circulating energy and 

fat reserves on reproduction is expected to be negative in pregnant high CFW ewes, 

and more so in dams pregnant with, and rearing twin lambs, but has not been 

examined. Thus, it is important to observe the reproductive performance of high and 

low CFW Merinos with respect to their capacity to be fertile and fecund, and their 

capability to rear lambs. Given the importance of cranial and CNS lesions to the 

identification of the cause of death, it is also important to observe if the distribution of 

cause of death differs between high and low CFW lines. The hypothesis examined in 

this experiment was that because selection for increased CFW is likely to reduce lamb 

survival to weaning, it will also increase postnatal lamb mortality, particularly so in 

dams held at higher stocking rates. 

 

5.2 Materials and Methods 

 

5.2.1 Ewes 

A description of the ewes used in the breeding experiment has been covered in 

Chapter 3. To summarise, medium wool Merino ewes were selected on their hogget 

performance for CFW and BWT using standard deviations within each year drop. The 

ewes were identified to be high or low for the two traits. This selection identifies four 

groups, being HH, HL, LH and LL for CFW and BWT respectively. 

 

The ewes were randomised into single-sire groups and mated to like phenotype rams, 

for a 5 week period, commencing in March and completing in April. Each phenotype 

(HH, LH, etc) were mated in three groups consisting of between 22 and 30 ewes (3 x 

HH, 3 x LH, etc), thus 12 separate paddocks were employed for mating and lambing. 

Mating occurred in paddocks outside the treatment plots, thus the nutrition treatments 

ceased at this time. Further to this, the ewes were removed from the stocking rate 

treatment plots 10 days prior to lambing, and did not return to the treatment plots until 

lamb marking had occurred. 
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5.2.2 Nutrition 

A description of the nutritional design and conditions have been described in Chapter 

3. Briefly, four paddocks were employed to support the ewes during physiological 

periods of pregnancy, lactation and weaning to the subsequent joining. Two paddocks 

were stocked at 10 dse/ha and two paddocks at 15 dse/ha, thus each stocking rate 

treatment was replicated once. Excessive pasture growth during spring 2005 was 

controlled by additional sheep stocking, slashing of the pasture and reducing the 

physical area using fencing to limit intake. During winter 2005 and all of 2006, 

drought conditions severely restricted pasture growth and supplementary feeding was 

used to further control feed intake. The ewes were not exposed to the stocking rate 

treatment during mating or during lambing and early lactation because the dams were 

mated in single-sire groups, to assist pedigree accuracy of progeny. Single-sire mating 

also permitted line breeding of the CFW and BWT phenotypes and so sire effects 

could be included in analyses. 

 

5.2.3 Ewe reproduction 

All dams were fat scored (White and Holst 2001) at day 90 of gestation (mid-

pregnancy) and again 10 days prior to lambing (pre-lambing). The mid-pregnancy 

ultrasound scanning data collected was recorded as scanning percentage for each 

treatment. All dams were placed in single-sire lambing paddocks pre-lambing and 

during the lambing period, the number of ewes lambing were recorded. At weaning, 

the number of lambs weaned per ewe joined and per ewe lambing were recorded. 

 

5.2.4 Lamb survival 

Data were analysed from 940 lambs born during 2005 and 2006. Lambing data 

records were collected during daily paddock inspections. Data included dam, litter 

size, birth weight, sex, lamb identification, birth date, death date and other additional 

comments. All deceased lambs that were found were examined for the cause of 

perinatal death. Post-mortem examinations were undertaken according to method of 

Holst (2004), which identifies ten causes of death, including three categories for 

dystocia, being typical dystocia (lambs stuck in the birth canal), stillborn lambs with 

evidence of cranial and central nervous system lesions, and lambs with the cranial and 

CNS lesions but that have lived long enough to metabolise their perirenal fat. The 

autopsy protocol also identifies lambs having died from starvation/mismothering, 
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predation, prematurity, cold exposure, infection and other causes. Due to insufficient 

numbers in each category of death, data were pooled to create an ‘other’ causes group 

that included prematurity, predation, infection and cold exposure. Pooling the data 

created three dystocia categories, starvation/mismothering and ‘other’. 

 

5.2.5 Weaning rate 

All lambs were weaned at around 13 weeks post-partum. The numbers of lambs 

present at weaning, their identity and weaning weight were recorded. The measures 

for the analysis of weaning rate included ewe liveweight and fat score, which was 

recorded at mid-pregnancy and pre-lambing, pregnancy scanning, lambing and 

weaning. 

 

5.2.6 Data analysis 

Factors affecting the number of lambs scanned at mid-pregnancy and the number of 

lambs weaned were analysed using ASReml (Gilmour et al. 2006). Terms included in 

the model were CFW group, BWT group, stocking rate, joining fat score, mid-

pregnancy fat score, pre-lambing fat score, litter size, birth weight, birth weight 

deciles and all interactions. Random terms included sire, dam, paddock, replicate, 

randomisation groups and their interactions. 

 

Lambing lasted 40 days in both years, thus the midpoint of lambing was 20 days 

following the birth of the first lamb. Dams lambing before the midpoint were 

categorised as ‘Early’ and dams lambing later than the midpoint were categorised 

‘Late’. Chi-square analysis (Snedecor and Cochran 1971) was used to compare the 

number of dams lambing early or late. Chi-square statistics were also used to analyse 

causes of mortality data. Variates including year, sex, CFW, BWT, the interaction of 

CFW x BWT and nutrition contained sufficient observations for examination. 

 

The probability of being pregnant, being non-rearing after lambing and non-rearing at 

weaning, was examined using logistic regression in ASReml (Gilmour et al. 2006). 

The analyses retained all mated ewes in the data. At each time point, status was 

converted to binary datum (wet = 1, dry = 0). Main effects in the model included 

CFW, BWT, stocking rate, age of the dam and their interactions. Random effects 

included sire, dam, paddock, replicate, year, dam randomisation blocks and their 
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interactions. Probabilities of conceiving a single lamb and in separate models, 

multiple lambs, were also examined. 

 

ASReml (Gilmour et al. 2006) was also used to transform binary post-natal mortality 

data to form an analysis of deviance, which was performed on data only from 

pregnant ewes. The values for deviance were used in chi-square probabilities for the 

cumulative upper quartile. Post-natal mortality traits were analysed using models 

including birth weight, litter size, CFW, BWT, CFW x BWT, mid-pregnancy fat 

score, pre-lambing fat score, stocking rate, year and sex. Random effects included 

sire, dam, paddock, replicate, dam randomisation groups and their interactions. Non-

significant fixed and random effects were dropped from the final models and the 

remaining random terms were fixed by their component values. Birth weight was 

fitted to a quadratic polynomial curve. 

 

5.2.7 Data manipulation 

From the 940 lambs born in the experiment, 11 were born with no dam available to 

assign pedigree, or were missing birth weight data, and were removed from all 

analyses. Significance was considered to be ≤5% and differences between the main 

effects were determined using the least significant difference. Probability data 

presented are retransformed means. Data presented are least squares means with 

standard errors (± s.e.), unless otherwise specified. 

 

5.3 Results 

 

5.3.1 Ewe reproduction 

In total, 940 lambs were born in the project over the two years. Of these 160 (17%) 

were born as singletons, 712 (76%) were born as twins and 66 (7%) were born as 

triplets, while four lambs were born with unknown litter size. 

  

The average fat score at joining was 2.9 (± 0.6 s.d.). At mid-pregnancy the fat score 

for the dams averaged 2.3 (± 0.7 s.d.), while at pre-lambing the dams were in fat score 

2.3 (± 0.8 s.d.). The distribution of fat scores at mid-pregnancy and again at pre-

lambing is shown in Figure 5.1. The proportion of ewes recording lower fat scores 

during the final trimester increased in both years of treatment. Also shown is the low 
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number of dams at fat score 4. The importance of this raw data graph relates to the 

context for the results observed in section 5.3.4 of this chapter. 

 

 

Figure 5-1. The distribution of fat score among all dams at each reproductive 
stage. 
 

In 2005, there were 520 lambs scanned (166%) from the 314 ewes joined, 487 (155%) 

were born and 309 (98%) were weaned. In 2006, from 314 ewes joined, 480 lambs 

(153%) were scanned, 453 (144%) were born and 307 (98%) were weaned. Table 5.1 

shows the effect of CFW, BWT and stocking rate on the reproduction figures, all of 

which were not significant. 

 
Table 5-1. The number of lambs per ewe pregnant for each stage of 
reproduction. No significant differences were observed between the treatments. 
 Trait Lambs scanned Lambs born Lambs weaned 
High CFW 1.56 1.44 0.95 
Low CFW 1.61 1.51 0.97 

s.e. 0.04 0.05 0.05 
    
High BWT 1.58 1.46 0.96 
Low BWT 1.60 1.49 0.96 

s.e. 0.04 0.05 0.05 
    
High nutrition 1.57 1.48 0.96 
Low nutrition 1.60 1.47 0.96 

s.e. 0.04 0.05 0.05 
 

High CFW ewes were no more likely to be non-pregnant at scanning than low CFW 

dams (P = 0.27). There were also no differences between high and low BWT dams 

(P = 0.9) and between stocking rates (P = 0.4). The probability of all ewes being non-

rearing by the end of lambing showed similar results for CFW (P = 0.4), BWT 
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(P = 0.2) and stocking rate (P = 0.3). The subsequent probability of all ewes in the 

experiment being non-rearing by weaning was similarly not significantly different for 

CFW (P = 0.4), BWT (P = 0.6), and stocking rate (P = 0.3). Table 5.2 reports the 

probabilities for each treatment group. 

 

The probability of a pregnant high CFW ewe bearing a single lamb was the same 

probability for low CFW ewes (0.27). Likewise, the probability of a pregnant high 

CFW ewe bearing twin lambs (0.69) was not different to low CFW ewes (0.70). More 

high CFW ewes had triplets but again the probabilities were not significantly different 

(P > 0.05) between high (0.03) and low CFW ewes (0.02). 

 

Table 5-2. The probability outcomes for: the number of ewes pregnant; being 
dry after lambing; and being dry at weaning for all ewes and years, all terms 
were not significant. 

Trait Probability of 
being pregnant 

Probability of rearing 
after lambing 

Probability of 
rearing to weaning 

High CFW 0.91 0.84 0.73 
Low CFW 0.93 0.87 0.77 
High BWT 0.92 0.83 0.74 
Low BWT 0.92 0.87 0.76 
10 dse/ha 0.93 0.84 0.73 
15 dse/ha 0.91 0.87 0.77 
  
 

5.3.2 Date of birth 

Of all lambs born, 75% were born in the first 20 days of lambing, with the remaining 

25% born in the second 20 days. The mean date of birth was 15.0 (± 7.5 s.d.) days 

from the start of lambing. Later born lambs had heavier birth weights (P < 0.001), 

where a 2 kg lamb was predicted to have an average birth date of 14.0 (±1.8) days, 

while a 7 kg lamb had an average birth date of 15.7 (±1.9.) days. An interaction 

between CFW and litter size (P < 0.001) occurred where high CFW singleton and 

triplet lambs (n=39) were born at a significantly earlier date than low CFW singleton 

and triplet born lambs (n = 27; Table 5.3). 
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Table 5-3. Predicted mean (± s.e.) date of birth, in days from the start of 
lambing, for litter size and CFW treatments.  
Litter size High CFW Low CFW 

Single 13.2 (±1.9) ab 17.7 (±1.9) cd 

Twin 14.4 (±1.8) bc 15.8 (±1.8) bc 

Triplet 10.0 (±2.2) a 19.6 (±2.2) d 

aSuperscripts with different letters denote significant differences within and between 
the rows. 
 

Significantly more high CFW dams lambed in the first 20 days of lambing (Table 5.4) 

compared to low CFW dams (P < 0.001). 

 

Table 5-4. The number of ewes lambing in the first 20 days (Early), or second 20 
days (Late) of lambing within each treatment. Chi-square distribution of 
expected number in parentheses. 
Treatment Early Late 
  HCFW* 230 (214) 58 (74) 

LCFW  172 (188) 81 (65) 

     

HBWT 189 (187) 63 (65) 

LBWT 213 (215) 76 (74) 

     

10 dse/ha 207 (207) 72 (72) 

15 dse/ha 195 (195) 67 (67) 
* P = 0.001 (χ2 = 9.95, df = 1) 
 

 

5.3.3 Birth weight 

Given relationships with the date of birth, CFW and litter size, being born early or late 

was included in the models for birth weight. Table 5.5 reports the least squares for the 

treatments. Selection for BWT (P = 0.18), CFW (P = 0.5) and nutrition (P = 0.5) had 

no effect. Significant main effects (P = 0.001) on birth weight included litter size and 

sex. 
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Table 5-5. Predicted mean (± s.e.) birth weight (kg) according to litter size and 
CFW, BWT and nutrition treatments. 
 Single Twin Triplet 

Birthtype 5.55 (± 0.1) a 4.51 (± 0.1) b 3.72 (± 0.2) c 
    

 Male Female  
Sex 4.71 (± 0.1) a 4.46 (± 0.1) b  

    
 High Low  

BWT 4.66 (± 0.1) 4.50 (± 0.1)  
    

 High Low  
CFW 4.63 (± 0.1) 4.55 (± 0.1)  

    
 High Low  

Stocking rate 4.62 (± 0.1) 4.55 (± 0.1)  
aSuperscripts with different letters denote significant differences along the rows. 
 

A significant interaction was observed between CFW, stocking rate and the date of 

birth for birth weight. High CFW lambs from dams held at higher stocking rates had a 

significantly heavier birth weight (P = 0.002) when born late than when born early 

(Table 5.6). Low CFW lambs from dams stocked at lower rates were significantly 

heavier than all early born lambs. 

 

Table 5-6. Predicted mean (± s.e.) birth weight (kg) for CFW and nutrition 
treatments that lambed in the first 20 days of lambing (Early) or the latter 20 
days (Late). 
 Stocking rate Early lambing date Late lambing date 
High CFW 10 dse/ha 4.65 (±0.13) ab 4.83 (±0.16) bc 
 15 dse/ha 4.61 (±0.13) ab 5.39 (±0.17) d 
Low CFW 10 dse/ha 5.03 (±0.13) c 5.12 (±0.16) cd 
 15 dse/ha 4.55 (±0.14) ab 4.33 (±0.16) a 
aSuperscripts with different letters denote significant differences within and between 

the rows. 

 

5.3.4 Postnatal lamb mortality 

A total of 255 dead lambs were autopsied, with 249 yielding complete data sets. The 

average age at death was 2.3 days (± 3.5 s.d.), including lambs between 15 to 20 days 

post-partum. The mortality of lambs changed significantly (P < 0.001) across the 

range observed for birth weight and in interaction with litter size (P < 0.001). Figure 
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5.2 shows the mortality across the birth weight range and Figure 5.3 shows the 

mortality probabilities for litter size across the birth weight range. 
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Figure 5-2. Distribution of neonatal mortality (± se) across the birth weight 
range.  
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Figure 5-3. Neonatal lamb mortality (± se) for each litter size across the birth 
weight range. 
 

Table 5.7 reports the mortality rate for each litter size, year, and the non-significant 

effects of CFW, BWT and nutrition. The mortality was lower in singletons, while for 

twin and triplets the difference was not significant, and in this instance the mortality 

of the triplets was quite low. More lambs died in the second year, and over both years 
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there was a tendency for fewer lambs from high CFW dams (P = 0.059) to be found 

dead and presented for autopsy. As ewe fat score at mid-pregnancy increased, 

postnatal mortality declined linearly and this relationship was highly significant (P = 

0.003). Table 5.7 shows the effects of increasing fat score on post-natal mortality. Fat 

score at lambing had no association with lamb mortality. 

 

Table 5-7. The percentage of post-natal mortality for litter size, year, CFW, 
BWT and nutrition. Significance (P value) is reported. 

  
Birth weight 

(kg) P 
Post-natal 
mortality P 

Litter size 
Single 5.55 ± 0.09 c 0.001 0.09 ± 0.03 a 0.001 
Twin 4.51 ± 0.07 b  0.21 ± 0.03 b  

Triplet 3.72 ± 0.14 a  0.27 ± 0.07 b  
Year  2005 4.49 ± 0.08 0.003 0.15 ± 0.03 0.008 

2006 4.69 ± 0.08  0.20 ± 0.04  
CFW H 4.63 ± 0.09 n.s. 0.16 ± 0.03 0.059 

L 4.55 ± 0.09  0.19 ± 0.04  
Fat score MP  

1 4.59 ± 0.10 n.s. 0.26 ± 0.05 d 0.003 
2 4.59 ± 0.08  0.19 ± 0.04 c  
3 4.59 ± 0.08  0.14 ± 0.03 b  
4 4.59 ± 0.12  0.10 ± 0.03 a  

Fat score LP  
1 4.70 ± 0.09 d 0.024 0.19 ± 0.04 n.s. 
2 4.59 ± 0.07 c  0.17 ± 0.03  
3 4.48 ± 0.09 b  0.16 ± 0.04  
4 4.36 ± 0.12 a  0.15 ± 0.04  

Sex M 4.71 ± 0.08 0.001 0.20 ± 0.04 n.s. 
F 4.46 ± 0.08  0.15 ± 0.03  

BWT  H 4.66 ± 0.10 n.s. 0.17 ± 0.04 n.s. 
L 4.50 ± 0.10  0.18 ± 0.04  

Stocking rate 
H 4.62 ± 0.10 n.s. 0.19 ± 0.04 n.s. 
L 4.55 ± 0.10   0.16 ± 0.04   

aSuperscripts with different letters denote significant differences between the rows 
and limited to the trait observed. 

 

5.3.5 Autopsy 

There were no significant differences for the cause of death between CFW, BWT and 

stocking rate groups (P > 0.05). The major causes of death were dystocia and 

starvation, with dystocia accounting for 61% of all deaths. Starvation/mismothering 

accounted for 24%, yet 92% of lambs that had a stomach present at post-mortem did 

not have milk present in their stomach. Primary predation was limited to 3%, with 
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secondary predation at 57%. Among the factors affecting dystocia; more male lambs 

suffered from dystocia and fewer from starvation and ‘Other’ causes of death 

(P < 0.10). The high stocking rate treatment increased the number of deaths in 

dystocia (category 1 and 2) and fewer died from starvation/mismothering, although 

the differences were not significant (P < 0.15). Figure 5.4 shows that year had a large 

effect on the category of death (P < 0.005). An important observation was that litter 

size had no effect on category of death. 
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Figure 5-4. The proportion of deaths within death category over two years. 
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5.4 Discussion 

 

5.4.1 Ewe reproduction 

The overall fertility of the flock was satisfactory with 92% of joined ewes being 

pregnant, which was not affected by CFW or BWT selection, nor by stocking rate. 

Furthermore, the number of ewes that did not rear a lamb after lambing or by weaning 

was also not different between CFW, BWT or stocking rate. The NLW/EJ at 98% is 

better than regional figures for NSW offered by Rose (1987), where the regional lamb 

marking averages for regions near Cowra ranged between 77% and 90%. Selection of 

ewes for high CFW is expected to decrease body fatness and through this relationship, 

reductions may occur in fertility (Hatcher et al. 2005; Oldham and Thompson 2004), 

in foetal weight (McNeill et al. 1998) and the vigour of newborn lambs (Dwyer 

2003). In that regard, it seems unusual to have investigated a Merino flock of high or 

low CFW selected ewes and observe high levels of fecundity. Hatcher and Atkins 

(2007) observed no differences in the ability of the high CFW ewes to conceive or 

litter size, but high CFW ewes weaned significantly fewer lambs. In the present study, 

the high CFW ewes completed the experiment rearing fewer lambs per ewe joined, 

but not significantly less. It may be that with a larger experimental scale this 

difference would have been significant. The fecundity of the flock was high in both 

years, ranging from 153% to 155% lambs scanned per ewe joined, with 76% of lambs 

born being twins, thus the opportunity for the high CFW ewes to express an inability 

to rear lambs was available, but the differences were not apparent. This finding 

supports Piper et al. (2007), who found no significant divergence between the fleece 

weight selection and control lines for the number of lambs weaned in a long-term 

breeding and selection flock selected for high CFW, plain body and fibre diameter. 

 

It was unexpected to observe an increase in the number of high CFW ewes that 

lambed within the first 20 days of lambing. This is likely to be indicative of improved 

fertility, and indicates that in a two-cycle mating period, the high CFW ewes are 

cycling, conceiving and maintaining those pregnancy at least as well as, if not better 

than ewes selected for low CFW. 
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5.4.2 Lamb mortality 

In this study, as with others, birth weight had a major affect on lamb mortality (Curll 

et al. 1975; Fogarty et al. 1992; Fogarty et al. 2000; Hall et al. 1995). In all studies, 

litter size had the largest effect on birth weight, where single lambs are heavier and 

enjoy higher survival rates. Twin and multiple lambs suffer the greatest losses (Butler 

1987) and are lighter in birth weight. In studies involving mid-pregnancy nutritional 

restrictions, similar to our experimental design where different potential feed intakes 

(Holst et al. 1986; Kleemann et al. 1988) were limited, birth weight of lambs 

increased in dams subsequently fed well in late gestation. Kleemann et al. (1988) 

found that survival of twin lambs increased in association with birth weight increases. 

Dove et al. (1994) and Fogarty et al. (1992) reported that nutritional treatment in mid-

pregnancy had no effect on birth weight. It would seem that the impacts of nutrition 

on birth weight and survival occur earlier than mid-pregnancy and that improved 

nutrition in late pregnancy does not adequately overcome the differences established. 

 

Despite no significant relationship with birth weight, fat score at mid pregnancy (MP) 

had a significant impact on mortality, with lambs from thinner ewes more likely to 

die. This suggests that MP fat score is not a useful indicator of birth weight, but of 

likely mortality. King et al. (1990) reported similar relationships between condition 

score and lamb survival, where improved condition score increased twin-lamb 

survival to weaning. In contrast, fat score at late pregnancy (LP) was related to birth 

weight without affecting mortality – fatter ewes at lambing had lighter lambs, but 

their mortality was not increased. This may be partly explained by the increase in the 

number of ewes with lower fat scores closer to lambing, as these ewes had higher fat 

scores at MP. Those ewes shifting from fatter to leaner bring with them higher birth 

weight and better survival rates, which are already established through improved 

nutritional status by early-mid gestation, potentially mediating the effects observed 

early between MP and birth weight, and LP and mortality. The fact that the fatter 

dams had lighter lambs may involve over-nourishment relationships that have been 

observed in adolescent ewes, affecting the development of placental size and 

subsequent birth weight (Wallace et al. 2003). However, McNeill (1999) found twin 

bearing ewes that were fatter in early to mid gestation had heavier lambs. The 

relationship between nutrition or nutritional indicators at MP and LP do not always 

affect birth weight (Dove et al. 1994). Ferguson et al. (2004) reported an increase in 
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birth weight of 0.2 kg per 1 unit increase in MP condition score and yet, for single 

lambs in that study, condition score at MP was not related to mortality. Kelly (1992) 

also reported that an increase in liveweight at MP was associated with increased lamb 

survival, with higher rates of survival for twin bearing ewes. 

 

At 61 %, the proportion of dystocia in the flock was within the range of other studies 

(Fogarty et al. 2000; Hall et al. 1995; Holst et al. 2002) and is as significant and as 

important in other studies (Cloete and Scholtz 1998). More needs to be understood of 

the factors affecting dystocia and programs that aim to lift weaning rates need to take 

into account postnatal losses. Fogarty et al. (1992) states that much of the potential to 

lift weaning rates through fecundity is lost through lower lamb survival of twins, but 

genetic selection may offer reasonable opportunities of improvement. Although the 

heritability of lamb survival is low (Apps et al. 2003; Brien et al. 2009; Hatcher et al. 

2010; Olivier et al. 1998; Safari et al. 2007a), favourable responses to selection for 

multiple-rearing ability in weaning rates are observed (Cloete and Scholtz 1998), 

largely driven by improved survival of twin lambs. Snowder and Fogarty (2009) 

recommend a trait of total ewe productivity, which is the total weight of lamb weaned 

in a lifetime, as the trait requires favourable improvements in each of the components 

of reproduction. 

 

Examination of the factors affecting all possible causes of death was constrained by a 

lack of scale for a chi-square analysis. Chi-square analysis requires minimum counts 

of 5 per variate and our calculations suggest that comprehensive autopsy studies 

require a minimum of 1000 ewes lambing per variable with the lowest proportion 

likely to be lambs dying from infection. To reach a count of 5 deaths due to infection 

requires 217 autopsies per variate. Sufficient numbers were available to examine 

dystocia, stillborn, birth injury and starvation. It is apparent that year also has an 

effect, and sex may be important for all categories of dystocia. 

 

Selection for increased lean tissue in Scottish Blackface sheep, Dwyer et al. (2001) 

showed that lambs from dams selected for increased carcase leanness were more 

likely to suckle and play in the first two hours post-partum, and had a higher rate of 

sucking over the first three days, than lambs from dams selected for a fatter carcase. 

No significant differences were reported for lamb survival between the selection lines, 
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but within the lines, the fastest lambs to successfully suckle had significantly higher 

survival rates, while all lambs failing to suckle in the first three days died. Dwyer 

(2003) also found that ewes that mobilise less fat during their pregnancy had lambs 

that stood and sucked more quickly and were more active over the first three days. 

Thus, the fatness of the ewe has important relationships with lamb vigour and the 

likelihood of lamb survival in the postnatal period, the period that records the greatest 

reproductive wastage. Holst et al. (1996) reported that colostrum viscosity had a large 

influence on sucking behaviour of the lamb, and was related to dry matter. In that 

study, litter size also had a large effect on colostrum, disadvantaging the twin-born 

lambs. 

 

In the present study, the finding that CFW had a small but positive effect on neonatal 

lamb survival is in contrast to the literature that examines lifetime performance 

(Hatcher and Atkins 2007). Fewer high CFW lambs were presented for autopsy and 

the small advantage this created was has contributed to the lack of significant 

differences in lambs survival to weaning. 
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5.5 Conclusions 

 

While this study has not examined the fertility and weaning success of this flock 

throughout its lifetime, during the two years these ewes were examined at two levels 

of stocking rate, no reductions in fertility or weaning rates were found. While the 

probabilities of reproductive failure in conception, postpartum and by weaning were 

higher in high CFW ewes, the statistical significance was not achieved. This study has 

highlighted that among pregnant ewes, the high CFW ewes conceived and lambed 

earlier than low CFW ewes, which is indicative of fertility. The author is not aware of 

previous reports on this matter. 

 

No differences were observed for the cause of death between the CFW lines, despite 

the fact that fewer high CFW lambs were presented for autopsy. The small advantage 

created in the postnatal period may have helped minimise the difference in weaning 

rates. An examination of milk quality and milk supply, or milk intake, between high 

and low CFW ewes is necessary to complete the study of the contribution of selection 

for higher CFW on weaning rates. 

 

This study has emphasised the importance of two well known reproductive 

management strategies: that ewes in better condition have improved reproductive 

outcomes and; birth weight is important for improving postnatal lamb survival. Dams 

at most risk of losing lambs are twin- and multiple-bearing. These lambs are lighter in 

birth weight, and as such demand identification and separation of their ewes for more 

specific nutritional management is necessary. Mid-pregnancy ultrasound scanning and 

separate management of twin- and multiple-bearing ewes should be a widely adopted 

industry standard. Further to this, the incorporation of CFW information into 

precision management systems does not appear warranted. 
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Chapter 6  Progeny growth and wool production 

 
6.1 Introduction 

 

Selection for increased CFW results in reductions in body fatness and potentially 

components of reproduction, culminating in a reduction in the number of lambs 

weaned across a lifetime (Hatcher and Atkins 2007). There is evidence that the impact 

of selection for increased CFW relates to energy partitioning under conditions of low 

nutrition, such that reductions in fatness may be brought about by altered 

concentrations of circulating glucose and insulin (Adams et al. 2006a; Bermingham et 

al. 2004; Briegel et al. 2004). The implication of lowered circulating energy and 

energy reserves is suggested to lower reproduction in breeding ewes (Adams et al. 

2005), although these effects have not been specifically examined in the context of 

contrasting nutritional profiles. Low nutrition can impact on heritability estimates as 

they have been shown to decrease during drought (Dominik et al. 1999; Hatcher and 

Atkins 2007), thus the effect of high nutrition on production traits has an effect of 

scale (McGuirk 2009); increasing differences between superior and inferior animals. 

If this is correct, then under conditions of low nutrition it can be expected that high 

fleece weight sheep will continue to grow heavier fleeces, but the differences won’t 

be as large (Woolaston 1987). Likewise, reductions in body fat may be more 

pronounced at lower nutrition. 

 

Contrasting post-natal nutritional environments have been used to examine the effects 

of high and low nutrition on weaners (Allden 1968; Dominik et al. 1999; Hopkins and 

Tulloh 1985; Krausgrill et al. 1997; Langlands et al. 1984a; Schinckel and Short 

1961). The findings of Allden (1968; 1979), Kelly et al. (1996, 2006), Langlands et 

al. (1984a) and Schinckel and Short (1961) have shown that the effects of severe 

nutrition deprivation in the prenatal period has much larger effects on progeny 

performance than do postnatal nutrient restrictions, and the effects may last a lifetime, 

but with a larger effect in the early in life years. Such is the importance of prenatal 

nutrition on lifetime performance, it could be expected that reductions in circulating 

energy reserves in high CFW dams may affect progeny performance, particularly for 

twin born animals. Kelly et al. (2006) inferred that the effects observed in single 

lambs would be exacerbated in twin born lambs. 
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The liveweight and fat depth of yearling Merinos, at the start of their first mating, is 

important for fertility (ewes pregnant/ewe joined) and liveweight appears to be the 

most important factor affecting fertility in hoggets, while fatness of maidens at joining 

has effects on subsequent litter size (Hatcher et al. 2007). 

 

High CFW ewes experience a degree of nutrient partitioning that supports fleece 

growth and results in lowered fat reserves. How this relationship affects prenatal 

nutrition is not known. It is hypothesised that limiting intake of high CFW ewes 

during pregnancy may affect progeny growth rate to weaning and post weaning, and 

may affect components of fleece production to a greater degree than in progeny from 

low CFW selected ewes. To examine this hypothesis, progeny were bred from a flock 

of ewes selected for high or low CFW and high or low BWT. These ewes were 

stocked at 10 or 15 dse/ha to impose intake restrictions. 

 

 

6.2 Methodology 

 

6.2.1 Animals 

The selection of the dams has been described in Chapter 3. 

 

In 2005, the dams were exposed to a stocking rate treatment from joining to lambing 

and from lamb marking to weaning. The stocking rate treatments were to maintain a 

stocking density (dry sheep equivalents per hectare, dse/ha) of 10 dse/ha or 15 dse/ha, 

with half of the ewes in each treatment. Each stocking rate treatment was replicated, 

thus four paddocks were used, containing one-quarter of the ewes in each. The ewes 

were joined to like-phenotype rams, where high CFW and high BWT ewes were 

joined to the same phenotype ram. The ewes were single-sire mated for 5 weeks in 

March and April 2005. The progeny were born in August and September 2005. 

Weaning occurred at thirteen weeks of age, in November 2005. The weaners were tip-

shorn in November 2005 and retained in one mob until April 2005, when the wether 

portion was separated for finishing in preparation for slaughter and carcase 

assessment (see Chapter 7). Thus, the progeny were exposed to the stocking rate 
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treatments during gestation, and for six weeks between marking and weaning. The 

experiment was repeated in 2006, as described in Chapter 3. 

 

The 2005 drop lambs (n = 315) were weaned on to a high density legume pasture 

which was visually estimated to offer 1000 kg dry matter per hectare (DM/ha). The 

weaners grazed these pastures for three weeks. Due to limited pasture growth, 

supplementation commenced for 120 days with a final mixed ration consisting of 70% 

oats and 30% lupins, offering 1000 g/h/d, with 1% w/w added minerals (limestone, 

1% w/w salt and 1% w/w bentonite). In April 2006, at seven months of age, 

supplementation with oats and lupins ceased. The ewe portion (n = 147) was 

subsequently offered a ration consisting of triticale (470 g/h/d) and lupin (180 g/h/d) 

plus the 1% minerals, aimed to maintain weight. In early June 2006, supplementation 

ceased and the ewe hoggets were offered mixed perennial and annual grass pastures, 

at 400-600 kg DM/ha. The wether portion (n = 144) were finished to slaughter at 10 

months of age on a pelleted ration (see Chapter 7), commencing in April 2006 (Fig 

6.1). All maintenance, growth and finishing rations were calculated using Grazfeed 

(Freer et al. 1997). 

 

Mid-side wool samples were collected from the ewe hoggets (n = 147) in the week 

before shearing, which occurred on the 29th of November 2006. The hoggets were 462 

days of age (± 7 s.d.) (14.5 mo). Mid-side samples were sent to the AWTA (Yennora, 

N.S.W.) for determination of staple length, staple strength, fibre diameter and clean 

washing yield. Each sample was weighed, washed in hot water with detergent, rinsed 

and oven-dried at 105°C. The oven-dried weight was recorded and 16% regain used 

to calculate the washing yield (YLD). Ten staples were subsequently taken from each 

mid-side sample for measurement of staple length (SL) and staple strength (SS) using 

the Automatic Tester for Length and Strength instrument (ATLAS, AWTA Ltd, 

Melbourne, Vic., Australia). A Shirley Analyser (Jack Thompson & Co, Moorabbin, 

Vic, Australia) was used to card the dried scoured sample before conditioning at 20°C 

and 65% RH for 24 h, after which 2-mm snippets were sampled via mini-coring. The 

snippets were measured for mean fibre diameter (FD), FD standard deviation (FDSD), 

FD coefficient of variation (FDCV) and mean fibre curvature (CURV) by Sirolan 

Laserscan (AWTA Limited). Additional data associated with these procedures 
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included spinning fineness (SFine), comfort factor (the percentage of fibres <30 µm) 

(CF), and the proportion of breaks in the tip, mid section and base of the staple. 

 

The ewe hoggets were weighed off-shears (OS LWT), assessed for fat score (OS FS) 

(White and Holst 2006) and fat (FDUS) and muscle depth (MDUS). Fat score was 

assessed by manual palpation over the 12th rib, 110 mm from the midline, using a 1-5 

scale, where 1 score sheep are emaciated and 5 score are obese. Fat and muscle depth 

measurements were assessed by an experienced commercial operator, over the loin 

(m. longissimus lumborum) above the 12th rib using realtime ultrasound (Honda 

Electronics, Model HS-1201) with a 5 MHz linear probe. 

 

Ewe hoggets at pasture to shearing

Ewe weaners 470 g Triticale 180 g lupin

Wether weaners on pellets to slaughter

Weaners on 700 g oats 300 g lupin

Weaners on HDL pasture

Nov  05 Dec  05 Jan  06 Feb  06 Mar  06 Apr  06 May  06 Jun  06 Jul  06 Aug  06 Sep  06 Oct  06 Nov  06 

Figure 6-1. Schematic of the nutritional profile of the weaned lambs to slaughter 
(for wether lambs) and to shearing (ewe hoggets). Lambs commenced weaning 
on high density legume (HDL) pastures. 
 

 

6.3 Statistical methodology 

 

The base model for all analyses included as main effects: CFW, BWT, nutrition, age 

of the dam and rear type. Analysis was undertaken using linear mixed models in 

ASReml (Gilmour et al. 2006). Random terms included dam, sire (15), paddock (4), 

replicate (4), randomisation group of the dams and their interactions. Models 

examining repeated measures of post-weaning growth rate included the animal as a 

random term. Calculation of average daily weight gain involved the subtraction of 

birth weight from the weight, which was then divided by the age of the animal in 

days. Date of weighing was used as a covariate and fitted to a spline. The lambs born 

in 2006 are included in the analyses for weaning weight (n = 607). Subsequent lamb 

growth rates considered only the 2005 drop progeny (n = 315). Lamb growth rates 

were analysed in parts reflecting the nutritional program (Fig 6.1): all weaner data 

were analysed together to the start of April; wether lamb data were analysed from 

April to June; ewe lamb data were analysed when animals were supplemented with 
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triticale grain and then separately while at pasture. Each period was analysed 

separately because different growth rates were achieved on each ration. 

 

In addition to the base model, analyses of muscle depth, fat depth and fat score were 

undertaken with and without off-shears liveweight (OS LWT) as a covariate. Age of 

the hogget was tested as a covariate in all models, except those involving the growth 

rate per day. Age of the lamb ranged by 34 days and was not uniformly distributed, 

where more high CFW lambs were born earlier in lambing (see Chapter 5). If a main 

effect or a first order interaction was non-significant (P > 0.05) it was sequentially 

removed from the model, leaving only main effects and significant first order 

interactions. 

 

Statistical significance was considered achieved at P ≤ 0.05 and differences between 

main effects were identified using the least significant difference. Results are 

presented as least squares means (± s.e.). 

 

6.4 Results 

 
6.4.1 Growth to weaning 

High CFW lambs were not significantly different to low CFW lambs in daily growth 

rate to weaning (162 vs 167 g/d, P = 0.19) or weight at weaning (19.2 vs 19.6 kg, 

P = 0.22). Average daily gain to weaning was affected by rearing type (P < 0.001), 

age of the lamb at weaning (P < 0.001), birth weight (P < 0.001) and BWT 

(P = 0.007), which resulted in higher liveweight at weaning. Lambs born as singles 

were the heaviest at weaning (21.2 ± 1.3 kg), compared to twins (19.3 ± 1.3) and 

triplets (17.7 ± 1.6). Older lambs at weaning were heavier (P < 0.001) for each 10 

days increase in weaning age, lambs were 2.5 kg heavier. Lambs that were 1 kg 

heavier at birth were 1.4 kg heavier at weaning (P < 0.001). High BWT lambs were 

heavier (l.s.d. 0.6, P = 0.006) at weaning (20.0 ± 1.4 kg) than low BWT lambs (18.8 ± 

1.4). 

 

High stocking rate of the dam did not significantly decrease daily growth rate to 

weaning, compared to low stocking rate (155 vs 173, P = 0.22), or weight at weaning 



Chapter 6 Progeny growth and wool production  79 

(18.6 vs 20.2 kg, P = 0.25) and there were no significant interactions. Male lambs 

tended to be heavier (P = 0.076) at weaning (19.6 vs 19.2 kg). 

 

6.4.2 Post-weaning growth for all progeny 

No significant differences were apparent in growth rate between high and low CFW, 

nor the stocking rate groups (P > 0.5). Lambs that had higher liveweight at weaning 

continued to grow at greater daily rates (P < 0.001). Growth rates increased between 

weaning and 7 months of age (P < 0.001) and were higher in wethers compared to 

ewes (149 ± 3 vs 145 ± 3 g/day, P < 0.001). High BWT weaners grew faster to 

weaning that low BWT weaners (Fig 6.2; P = 0.002). 
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Figure 6-2. Post-weaning growth (g/d) increased over time and at greater rates in 
high BWT weaners. 
 

6.4.3 Growth supplemented at maintenance for ewe hoggets 

There were no significant differences between high and low CFW ewe hoggets. The 

ewe hoggets that had heavier liveweight at weaning maintained higher growth rates 

(P < 0.001). High BWT ewe hoggets maintained higher growth rates 140 (± 4 g/day) 

compared to low BWT (129 ± 4 g/day, P = 0.002). Maternal stocking rate groups had 

no significant effects on growth rate. 

 

6.4.4 Growth at pasture without supplementation for ewe hoggets 

After supplementary feeding ceased and the ewe hoggets were supported wholly by 

pasture, liveweight losses occurred. No significant differences occurred between the 
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high and low CFW ewe hoggets. High BWT progeny had lower rates of liveweight 

loss throughout the entire period (P = 0.036) than the low BWT ewe hoggets. Figure 

6.3 shows that there was an average liveweight loss through winter, which was a 

larger loss of weight in hoggets that were heavier at the start of winter, and that 

growth rates improved by shearing at the end of spring (P < 0.001). Growth rates 

from October were similar for all groups. 
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Figure 6-3. Liveweight change (g/d) from early winter (June) to late spring 
(November), for a range of live weights observed in the ewe hoggets at the start 
of winter. 
 

6.4.5 Growth of wether lambs to slaughter 

The effects of CFW group and stocking rate were not significantly different. Factors 

affecting growth rate of the wethers to slaughter included weight at weaning 

(P < 0.001) and BWT phenotype (P = 0.002). Wethers that were heavier at weaning 

grew marginally faster than lighter lambs (P < 0.001). Wethers born from high BWT 

parents continued to have greater daily growth rates compared to low BWT wethers 

(156 ± 2 g vs 144 ± 2, P = 0.002). 

 

6.4.6 Ewe hogget liveweight, fat score and ultrasound measures 

Off-shears liveweight was not different between high or low CFW groups and the 

high CFW hoggets were also not significantly different in less muscle depth (P = 0.1) 

or fat score (P = 0.08). Compared to low BWT, the high BWT ewe hoggets (Table 

6.1) had greater rates of daily growth, which led to a heavier OS LWT (P < 0.001) 
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post-shearing. The stocking rate treatment of the dam had effect on ewe hogget 

progeny. 

 

Table 6-1. Summary effects (± s.e.) of nutrition, CFW and BWT of the dams on 
off-shears liveweight (OS LWT, kg), ultrasound scanned muscle depth (MDUS, 
mm), ultrasound scanned fat depth (FDUS, mm) and off-shears fat score (OS 
FS). OS LWT was used as a covariate for analyses of MDUS, FDUS and OS FS, 
adjusted for a 41.6 kg animal. 
 Treatment OS LWT MDUS FDUS OS FS 

10 dse 41.5 ± 0.7 23.8 ± 0.2 1.22 ± 0.08 1.40 ± 0.07 
15 dse 41.4 ± 0.7 24.2 ± 0.2 1.17 ± 0.08 1.39 ± 0.07 
P value 0.99 0.28 0.62 0.99 

     
High CFW 41.6 ± 0.8 23.7 ± 0.2 1.20 ± 0.08 1.32 ± 0.06 
Low CFW 41.4 ± 0.8 24.3 ± 0.3 1.19 ± 0.08 1.47 ± 0.07 

P value 0.88 0.10 0.98 0.08 
     
High BWT 44.6 ± 0.8 24.0 ± 0.3 1.25 ± 0.09 1.37 ± 0.07 
Low BWT 38.3 ± 0.8 24.1 ± 0.3 1.14 ± 0.09 1.42 ± 0.07 

P value <0.001 0.74 0.42 0.67 
 

Including OS LWT as a covariate (Table 6.2) explained much of the variation in 

muscle depth (P < 0.001), fat depth (P = 0.003) and fat score (P = 0.002). Without 

OS LWT as a covariate, high BWT hoggets had greater muscle depth (24.7 vs 23.3, P 

= 0.024), were fatter for FDUS (1.37 vs 1.02, P = 0.04), with no significant effect on 

fat score. 

 

Table 6-2. Summary effects (± s.e.) for off-shears liveweight (OS LWT, kg) as a 
covariate on ultrasound scanned muscle depth (MDUS, mm), ultrasound 
scanned fat depth (FDUS, mm), off-shears fat score (OS FS).  

OS LWT MDUS FDUS OS FS 
26.5 20.5 ± 0.6 0.60 ± 0.20 0.94 ± 0.15 
31.5 21.7 ± 0.4 0.80 ± 0.14 1.09 ± 0.11 
36.5 22.9 ± 0.3 1.00 ± 0.08 1.24 ± 0.07 
41.5 24.0 ± 0.2 1.20 ± 0.06 1.39 ± 0.05 
46.5 25.2 ± 0.3 1.40 ± 0.09 1.55 ± 0.07 
51.5 26.4 ± 0.4 1.60 ± 0.14 1.70 ± 0.11 

P value < 0.001 0.003 0.002 
 

 

6.4.7 Fleece weight production 

CFW as a main effect did not affect hGFW (Table 6.3), but because of a higher YLD 

(P = 0.04) the fleece from high CFW hoggets tended to be heavier than those from 
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low CFW hoggets (P = 0.1). BWT and nutrition had no significant effects. The 

inclusion of hogget age in the model explained most of the variation for hGFW (P = 

0.008) and hCFW (P = 0.007), but not YLD. Each 10 day increase in age at shearing 

resulted in 210 g increase in hCFW. Tables 6.3 and 6.4 present the summaries on 

results for fleece weight. 

 

Table 6-3. Summary effects (± s.e.) of nutrition, CFW and BWT of the dams on 
hogget greasy fleece weight (hGFW, kg), hogget clean fleece weight (hCFW, kg) 
and yield (YLD, %).  

 Treatment  hGFW YLD hCFW  
10 dse 5.61 ± 0.11 68.8 ± 0.6 3.86 ± 0.08 
15 dse 5.61 ± 0.11 69.6 ± 0.6 3.90 ± 0.08 
P value 1 0.28 0.69 

    
High CFW 5.72 ± 0.13 70.1 ± 0.6 4.01 ± 0.10 
Low CFW 5.50 ± 0.12 68.4 ± 0.6 3.76 ± 0.10 

P value 0.25 0.04 0.10 
    

High BWT 5.65 ± 0.13 69.7 ± 0.6 3.94 ± 0.10 
Low BWT 5.57 ± 0.13 68.7 ± 0.6 3.83 ± 0.11 

P value 0.69 0.29 0.45 
 

There was a significant interaction between CFW and BWT for YLD, where low 

CFW hoggets with low BWT (LL) had a significantly lower clean washing yield 

(66.5% ± 0.8), compared to LH (70.3% ± 0.8), HL (71.0% ± 0.8) and HH (69.2% ± 

0.8) (P = 0.009). 

 

Table 6-4. Summary effects (± s.e.) of hogget age as a covariate on hogget greasy 
fleece weight (hGFW, kg), hogget clean fleece weight (hCFW, kg) and the 
percentage of fibre breaks in the staple tip. 

Age hGFW hCFW TIP 
447 5.20 ± 0.17 3.57 ± 0.13 8.5 ± 6.9 
452 5.34 ± 0.13 3.68 ± 0.10 11.6 ± 6.1 
457 5.48 ± 0.10 3.78 ± 0.08 14.6 ± 5.5 
462 5.61 ± 0.09 3.88 ± 0.07 17.7 ± 5.3 
467 5.75 ± 0.10 3.99 ± 0.08 20.7 ± 5.5 
472 5.89 ± 0.14 4.09 ± 0.10 23.8 ± 6.1 

P value 0.008 0.007 0.042 
 

6.4.8 Fleece quality parameters 

There were no significant effects of CFW or BWT on the fleece quality 

characteristics, although high CFW hoggets had fewer breaks in the TIP of the staple 



Chapter 6 Progeny growth and wool production  83 

(P = 0.05). The effects of stocking rate treatment on the dams were apparent for fibre 

comfort factor, where hoggets reared by dams held at higher stocking rates had 

slightly more fibres <30 µm in diameter. As hogget age increased a favourable 

increase in the proportion of breaks in the TIP was revealed (P = 0.04; Table 6.4). 

Table 6.5 presents summary results for the fleece characters. 
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Table 6-5. Summary effects (± s.e.) of nutrition, CFW and BWT of the dams on fibre diameter (FD, µm), coefficient of variation of FD 
(CVFD, %), fibre curvature (CURV, degrees/mm), spinning fineness (SF, µm), comfort factor (CFac, %<30 µm), staple length (SL, 
mm), staple strength (SS, N/kt) and the position of staple breaks at the top (TIP, %), middle (MID, %) and base of the staple (BASE, 
%). 
 Treatment FD CVFD CURV SF CFac SL SS TIP MID BASE 

10 dse 18.6 ± 0.4 21.1 ± 0.6 57.6 ± 1.0 18.2 ± 0.4 98.52 ± 0.25 100.5 ± 2.7 22.5 ± 1.6 17.6 ± 5.6 74.9 ± 3.7 7.5 ± 3.6 

15 dse 18.8 ± 0.4 22.0 ± 0.6 56.7 ± 1.0 18.5 ± 0.4 97.98 ± 0.25 99.5 ± 2.6 21.8 ± 1.6 17.6 ± 5.7 74.0 ± 3.7 8.1 ± 3.6 

P value 0.55 0.08 0.40 0.24 0.04 0.50 0.65 1 0.84 0.8 
           
High CFW 18.6 ± 0.4 21.9 ± 0.7 56.2 ± 1.2 18.3 ± 0.4 98.2 ± 0.3 99.1 ± 3.5 20.9 ± 1.8 11.5 ± 5.9 77.6 ± 4.3 9.4 ± 3.7 

Low CFW 18.8 ± 0.4 21.2 ± 0.7 58.1 ± 1.1 18.3 ± 0.4 98.3 ± 0.3 100.9 ± 3.4 23.4 ± 1.8 23.7 ± 6.0 71.3 ± 4.1 6.3 ± 3.7 

P value 0.83 0.50 0.25 0.98 0.70 0.70 0.20 0.05 0.32 0.33 
           
High BWT 18.4 ± 0.4 22.2 ± 0.7 57.2 ± 1.1 18.1 ± 0.4 98.2 ± 0.3 97.6 ± 3.4 20.9 ± 1.8 17.1 ± 5.9 74.6 ± 4.2 7.9 ± 3.7 

Low BWT 19.0 ± 0.4 20.9 ± 0.7 57.1 ± 1.1 18.5 ± 0.4 98.3 ± 0.3 102.4 ± 3.4 23.5 ± 1.8 18.2 ± 5.9 74.3 ± 4.2 7.7 ± 3.7 

P value 0.26 0.22 0.98 0.44 0.90 0.30 0.18 0.85 0.95 0.95 
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6.5 Discussion 

 
6.5.1 Weight, growth, muscle depth and fatness 

CFW dam group did not have any large effect on their progeny in terms of growth 

rates, muscle or fat depth. In the present study, off-shears muscle depth and fat score 

indicate a degree of undernourishment of the ewe hoggets, which occurred during 

winter when supplementation ceased. The year 2006 was a severe drought year and 

feed quality and quantity were limited for all livestock, particularly during winter and 

early spring. Although off-shears liveweight was the same between high and low 

CFW lines, muscle depth and fat score tended to be lower in the high CFW progeny, 

indicating less fat and less lean tissue at the same weight. Studies of genotype x 

environment interactions suggest that while high CFW animals continue to grow more 

wool at lower nutrition, the scale of the difference between the high and low CFW 

groups is reduced (Woolaston 1987). 

 

The high BWT progeny continued to grow faster, and lose less weight when 

undernourished. High BWT progeny had greater muscle depth and were fatter when 

the off-shears liveweight covariate was not included in the model. Including the off-

shears liveweight covariate resulted in no differences for muscle and fat depth 

between the BWT groups, indicating that the high BWT ewe hoggets were not 

proportionately different to low BWT hoggets. In the present study, large variation 

existed between the stocking treatment weaning weights because, even with a 

difference of 1.6 kg between the stocking rate treatments the difference was not 

significant. It is possible that more replication of the nutrition treatments may have 

reduced the variation observed. 

 

Severe nutritional impositions have been applied to single born Merino sheep (Allden 

1968) and it has been shown that such impacts on growth can be overcome given 

sufficient time, although ‘generous’ feeding during the 6 months preceding post-natal 

undernutrition was unable to overcome the differences already established. In the 

present study no effects of the maternal stocking rate differences were apparent in the 

progeny, nor were the effects of CFW selection group. Importantly, the interaction of 

high CFW ewes held at higher stocking rates did not result in any production 

difference in their progeny. This observation is particularly important because many 
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of the lambs were born as twins, where greater nutritional deprivation was likely, but 

appears that partitioning nutrients did not differ between the CFW groups, even under 

these circumstances. 

 

Thomspon et al. (2006) found that progeny of ewes held in lower condition score 

during their gestation and pre-weaning, had no difference in scanned fat or muscle 

depth compared to progeny from well-fed ewes, but that there was less whole body fat 

and lean tissue. In the present study, the trend towards reduced fat score in high CFW 

ewes may indicate that the distribution of body fat around the body is important, and 

that utilisation of fat reserves may occur at different rates at different depots across 

the body. A reduction of whole body fat remains a possibility and can only be 

confirmed through computed tomography scanning. 

 

The present study suggests that high CFW hoggets are not likely to be penalised to a 

greater degree than low CFW hoggets in terms of pregnancy rates or litter size 

because their liveweight and fat depth at the C-site did not differ significantly. It is 

also interesting to note that the high CFW hoggets tended to be leaner in fat score 

while their C-site fat depth was not different. Associated with the high CFW are 

reductions in fat score in the ewe lambs in a pattern similar to that observed in their 

dams (Refshauge et al. 2010, Chapter 4). The experiment on the dams of these 

progeny revealed that fat score was reduced in ewes bearing twin lambs and the 

difference between dry ewes was minimal. The importance of growth rate in Merino 

weaners to hogget age is important for survival (Hatcher et al. 2010), carcase 

production (Fogarty et al. 2000) and also for the number of lambs scanned and reared 

to marking (Hatcher et al. 2010). Favourable positive phenotypic correlations exist 

between hogget weight and the number of lambs born per ewe joined (0.58), and 

between the number of lambs weaned (0.12) (Safari et al. 2005a) and the total weight 

of lambs weaned (0.18) (Cloete et al. 2002). For early joining programs, the same 

relationships exist between weight at joining and fertility, where Merino ewes that 

conceive at mating when eight months of age are heavier (Tyrrell 1976). 

 

Growth rates up to joining have been shown to have an important influence on 

fertility in Border Leicester x Merino ewe lambs (McGuirk et al. 1968), and in 

Merino ewe lambs (Barlow and Hodges 1976). Reaching a particular critical weight 
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was not considered to be essential by Watson and Gamble (1961) as variation exists in 

age and weight when oestrus is first detected and also when conception occurs; 

although these authors conclude that ewe lambs need to be well grown. In maiden 

Merinos, liveweight at weaning has been shown to be positively associated with 

scanning percentages and rearing success (Hatcher et al. 2010), while at joining 

heavier liveweight improves pregnancy rate and fatter maidens have an increased 

litter size (Hatcher et al. 2007). From the present study no differences were found in 

liveweight and a tendency for reduced fat score, which indicates that fertility is not 

likely to be reduced. 

 

Studies examining severe undernutrition revealed no reductions in lifetime 

reproduction in ewes that were undernourished for the first 12 months of life, despite 

persisting reductions in adult size (Allden 1979). However, if weaning weights and 

subsequent growth rates are improved, there are benefits for the number of lambs 

reared in maidens (Hatcher et al. 2010). The favourable relationships between high 

BWT and progeny growth rates to weaning and post-weaning are important for 

subsequent reproduction and CFW selection is not expected to alter this association. 

 

6.5.2 Fleece production 

High CFW hoggets tended to grow more wool than low CFW hoggets, but a statistical 

difference was not apparent (Table 6.3). McGuirk (2009) discussed genotype x 

environment interactions and affirmed that the better the environment, the bigger the 

differences in wool growth between high and low fleece selected genotypes. In certain 

years high production animals have their CFW superiority enhanced in scale but not 

by rank (Hatcher and Atkins 1998) and the same has been observed when animals are 

taken to different environments (Hatcher et al. 1999). However, in the present study, 

the post-weaning growth rates exhibited between weaning (November) and June were 

high, compared to those necessary for weaner survival, reported by Hatcher et al. 

(2008; 2010), indicating that nutrition was sufficient for differences in CFW groups to 

be expressed in the ewe hoggets. 

 

The absence of a significant interaction between stocking rate and wool production 

suggests maternal nutrition during pregnancy and lactation was not limited 

sufficiently by the higher stocking rates to impact wool production. Allden (1968) 
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found the effects of nutritional deprivation on fleece weight were most apparent at the 

first shearing and diminished by the second shearing, while no difference arose in 

lifetime wool production. Similarly, Langlands et al. (1984a) reported that the effects 

of undernourishment on progeny do not persist over time, while Kelly et al. (2006) 

found some lasting effects on liveweight. Thus, where the findings of the present 

study show little effect of nutritional restriction in the first year of the ewe hoggets’ 

life, then lifetime differences in this instance are not going to occur. 

 

Of the lambs born in this study, 79% were from multiple born litters. It is reasonable 

to conclude that maintaining dams at 10 or 15 dse/ha during pregnancy and lactation 

has not affected the production of the ewe hogget progeny. Kelly et al. (1996) 

proposed that the effects of a nutritional restriction should be larger for twin-born 

lambs and despite the high litter size of both stocking rate treatments in the present 

study, there were no differences in any wool production traits due to birth type or in 

the interaction with stocking rate. It may be that the difference between the two 

stocking rates was too small to create the opportunity for a significant interaction, 

indicating that more severe nutritional deprivation is required to show any effect on 

fibre production. In the context of commercial Merino production systems, occasional 

severe restrictions in nutrition can be expected but cannot be expected to persist 

indefinitely. While the twin bearing high CFW ewes were shown to be leaner from 

lambing to weaning (Chapter 4), there were no significant differences in nutrient 

partitioning between high and low CFW dams during pregnancy. Therefore, the 

prenatal nutritional environment is not likely to have been affected. 

 

BWT group did not differ in fleece characteristics, which contrasts with the findings 

of Hatcher et al. (2004), who reported that as young animals the dams used in the 

present study, showed BWT had improved hCFW, fibre diameter and staple length. In 

the study of Hatcher et al. (2004) high BWT Merinos had 0.29 kg heavier clean fleece 

weights, had a fibre diameter 1.07 microns broader and a 2.8 mm shorter staple 

length. The present study identified differences that were in a similar direction but 

were not significant. A low correlation between body and fleece traits has been 

observed previously (Mortimer and Atkins 1989).  
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6.6 Conclusions 

 

The effects of CFW group on muscle and fat score are minor and not significant; 

although the differences are in a similar direction to those observed in the dams. The 

size of the effect is either not real or so small that it is unlikely to pose a threat to 

progeny survival post weaning or to subsequent reproductive success. There were also 

no effects of stocking rate on liveweight growth, nor on fleece characters. The 

hypothesis therefore, is rejected. 
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Chapter 7  Carcase attributes in wether lamb progeny 

 

7.1 Introduction 

 

Genetic selection for increased fleece weight is suspected to alter nutrient partitioning. 

The genetic relationship between fleece growth and body fat is weakly negative 

(Safari et al. 2005a), so that selection for increased clean fleece weight (CFW) 

generally decreases body fat. However, the range of phenotypic estimates include 

weakly positive (Fogarty 1995; Safari et al. 2005a) and weakly negative correlations 

(Greeff et al. 2007). Sheep that produce high CFW have lower plasma insulin, insulin 

growth-like factor I, lower plasma leptin and glucose levels and higher non-esterified 

fatty acids, blood urea nitrogen and growth hormone levels (Adams et al. 2002a; 

Adams et al. 2006a) and different plasma amino acid concentrations (Li et al. 2006a). 

These differences suggest an alteration to the partitioning of energy, and an increased 

reliance on fat metabolism to meet energy deficits. Sheep experiencing such 

metabolic conditions are similar to undernourished animals (Sosa et al. 2006). 

 

Selection for wool growth appears to have made protein synthesis in muscle more 

sensitive to low planes of nutrition (Cronje and Adams 2001; Li et al. 2006b). The 

implications of different energy partitioning and sensitivity to plane of nutrition may 

extend to factors affecting meat quality. This hypothesis is supported by the results of 

Thomson et al. (2005), who reported that high CFW Merino rams depleted more 

muscle glycogen under exercise than rams with a lower CFW to bodyweight (BWT) 

ratio. 

 

The quality of carcasses and meat is determined by weight, muscle depth, fat cover, 

muscle glycogen stores, the rate of pH decline, colour and ultimate pH. In a study 

examining meat quality between Merino bloodlines it was shown that considerable 

variation existed between the bloodlines for traits such as fatness, muscle pH and 

enzymatic activity (Hopkins et al. 2005a). Much of the work on the quality of sheep 

meat has focussed on breed differences, while none have studied the factors affecting 

Merino meat quality after fleece-based selection. This led to our examination of 

carcass quality within one Merino bloodline, among progeny from ewes selected for 

the extremes of phenotypic hogget CFW and BWT performance. Our hypothesis 
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states that Merino wether lambs, from dams selected for high CFW phenotype and 

stocked at higher intensity, will have an inferior meat quality. 

 

 

7.2 Materials and Methods 

All procedures reported in this paper were conducted according to the guidelines of 

the Australian Code of Practice for the Use of Animals for Scientific Purposes and 

received approval from the NSW Department of Primary Industries Orange 

Agricultural Institute’s Animal Ethics Committee. 

 

7.2.1 Dams 

Three hundred and fourteen medium wool Haddon Rig Merino ewes were selected 

from the NSW DPI Trangie-based QPLU$ project (Taylor and Atkins 1997). The 

adult ewes were between six and eight years of age. The selected ewes were chosen to 

represent four high (H) and low (L) phenotypes varying for CFW and BWT, 

respectively HH, HL, LH and LL, for example HH refers to high CFW and high 

BWT. The selection method ensured each phenotype had similar fibre diameter. Ewes 

were selected within drop using an equal weights index of their standardised deviation 

with a revolving pattern of allocation based on hogget CFW and BWT (measured off-

shears) Hatcher et al. (2004). The standardised values were calculated by subtracting 

the average of the drop from an individual ewe’s measurement and dividing the 

difference by the standard deviation of the drop. Table 7.1 reports the hogget trait 

selection means and adult liveweight means at the start and end of the treatment 

period relevant to this analysis. 
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Table 7-1.  Means (± s.d.) for clean fleece weight (CFW), fibre diameter (FD) and 
bodyweight (BWT) measures for each ewe phenotype, HH, HL, LH and LL 
according to the combination of CFW and BWT. Hogget means include data 
collected at the first shearing of the dams. Treatment means are included for 
stocking rate treatments at joining and at weaning of the 6-8 y.o. dams. 
Liveweight of the dams at joining and weaning are adjusted for wool weight. 
 HH HL LH LL 
Hogget CFW (kg) 5.3 ± 0.4 5.1 ± 0.5 4.3 ± 0.7 4.0 ± 0.6 
Hogget FD (µm) 20.1 ± 1.4 20.1 ± 1.7 20 ± 1.8 20.4 ± 1.7 
Hogget BWT (kg) 51.9 ± 4.0 43.3 ± 4.0 49.3 ± 3.5 41.7 ± 3.4 
     
Joining 10 dse (kg) 67.1  ±  5.2 61.1  ±  5.2 63.0  ±  5.9 58.3  ±  5.0 
Joining 15 dse (kg) 67.2  ±  5.8 61.1  ±  5.2 62.5  ±  5.3 58.5  ±  4.3 
Weaning 10 dse (kg) 63.2  ±  6.3 56.4  ±  5.8 60.3  ±  5.6 54.8  ±  5.6 
Weaning 15 dse (kg) 59.3  ±  4.9 54.2  ±  5.9 58.0  ±  4.8 52.4  ±  5.3 
 

 

7.2.2 Breeding 

In 2005, 12 single-sire mating groups were used to breed the wethers for this 

experiment, with three rams used per phenotype. The rams were selected for breeding 

on the basis of their within-year standardised value for each of the four phenotypes, as 

described for ewe selection. The rams were joined to type, so that a HH ram was 

joined to HH ewes. All rams were of the same year drop. The number of ewes joined 

to each ram varied from 23 to 30. Within each phenotype, sires and dams were 

randomly allocated to one of three joining groups, creating the 12 joining groups. 

Joining lasted five weeks during March and April 2005. Lambing began in August 

2005 and the lambs were weaned in November 2005, when the average lamb age was 

13 weeks (91.3 ± 7.1 days.). Lambing paddocks were checked once or twice daily. 

New born lambs were identified to the dam, when birthweight, birth type, sex and ear 

tag were recorded. 

 

7.2.3 Nutrition 

After joining, the dams were randomly allocated into two replicated stocking rate 

treatments designed to impose feed intake restrictions. The stocking rates were chosen 

to minimise environmental risk (Alcock 2006) and cost for the Cowra Agricultural 

Research Station and included the Station average stocking rate, 10 dse/ha (low 

stocking rate) and 15 dse/ha (high stocking rate). The dams were exposed to the 

stocking rate treatments from joining to lambing and from lamb marking to joining. 
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The ewes were removed from treatment ten days prior to the commencement of 

lambing, when they were regrouped into their single-sire groups. All progeny were 

exposed to the stocking rate imposition during gestation, and for six weeks between 

marking and weaning. Weaning occurred at 13 weeks of age. 

 

The lambs were weaned on to high density legume pasture for three weeks and then 

supplemented for 120 days with a mixed ration consisting of 70% oats and 30% 

lupins. The 144 wether lambs were finished on a pellet ration for 53 days prior to their 

slaughter at 10 months of age. The pellet contained 30% wheat, 30% lucerne hay, 

20% oats and 20% lupins. FEEDTEST™ analysis showed the pellets contained 12.7 

MJME/kg DM, 20.5% CP, 90.5% DM with a digestibility (DOMD) of 77.9%. The 

wethers were offered 630kg/hd/day to ensure a minimum growth rate of 70g/hd/day, 

as determined by Grazfeed (Freer et al. 1997). 

 

7.2.4 Slaughter management and measurements 

The lambs were yarded and held for 1.5–2 h before weighing the day before slaughter, 

then allowed to drink for 2–4 h before trucking to the abattoir, a trip of 185 km. At the 

abattoir the animals were held in yards overnight with access to water. Animals were 

randomly divided into two slaughter groups and slaughtered within 1 h of each other. 

The slaughter group randomisation process sorted the wethers on liveweight and 

assigned every second wether to each slaughter group. All animals were electrically 

stunned (head only) in a commercial manner and trimmed according to the 

specifications of AUS-MEAT (Anon 1992). There were eight carcasses that were 

trimmed during slaughter and they were removed from general analysis where the 

sampling site was affected by the trimming. 

 

The abattoirs’ post-dressing electrical stimulator was disabled for this experimental 

slaughter group to encourage variation in pH and pH decline. Hot carcass weights 

were recorded and tissue depth at the GR measured (total tissue depth over the 12th 

rib, 110 mm from the midline) using a GR knife. Samples (about 5g) of M. 

longissimus thoracis et lumborum (LTL) muscle were taken on all carcasses below 

the 12th rib on entry to the chiller. Samples were taken within 1 h of death, frozen in 

liquid nitrogen and held at -80°C until assayed for selected enzyme activity. To assess 
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the rate of decline, pH and temperature measurements were taken in the left portion of 

the LTL at the caudal end over the lumbar-sacral junction. A section of the 

subcutaneous fat over the M. gluteus medius was cut away to expose the LTL and 

after each measurement the area was resealed with the overlaying tissue. Carcass pH 

and temperature measurements were taken within 30 mins of death and then measured 

every hour after that with each carcass measured seven times using a WPS meter with 

temperature compensation (TPS, WP-80, PTS Pty Ltd, Brisbane) with a 

polypropylene spear-type gel electrode (Ionode IJ 44). A 24 h post-mortem pH (pHu) 

and temperature measurement was also recorded after calibrating the meter at chiller 

temperature. 

 

After overnight chilling (4–5°C) the carcasses were cut between the 12-13th ribs and 

the LTL was exposed to the air at chiller temperature for 30 min. The meat colour was 

measured on the cut surface using a Minolta Chromameter (Model CR-300) set on the 

L*, a*, b* system (where L* measures relative lightness, a* relative redness and b* 

relative yellowness). The chromameter was operated using Illuminant C and a white 

tile standard (Y = 93.1, x = 0.3135, y = 0.3197). Special effort was made to avoid 

areas of connective tissue and intramuscular fat. The pH of the LTL was measured at 

the same site as the colour measurement and the pH of the M. semitendinosus (ST) 

and M. semimembranosus (SM) also measured. Fat depth overlaying the LTL at the 

12th rib was measured (FatC), as were the dimensions of the LTL including eye 

muscle depth (EMD) and width (EMW). The cross-sectional area (EMA) of the LTL 

was estimated by multiplying the depth by width by 0.8. 

 

For the assay of muscle enzymes, samples from all carcasses were taken to cover the 

entire range in values. Before homogenisation, the muscle was pulverised at the 

temperature of liquid nitrogen and then homogenised using a Polytron at full speed in 

20mM triethanolamine, 280mM sucrose, 1mM ethylenediamine tetra acetic acid, 

1mM dithiothretiol, 100 µM phenylmethanesulphonylfluoride inhibitor, 2% Triton at 

pH 7.4. Samples were homogenised for 30 s. Lactate dehydrogenase (LDH) activity 

(µmoles/min.mg protein) was determined according to the procedure of Ansay (1974) 

and isocitrate dehydrogenase (ICDH) activity by the method described by Briand et 

al. (1981). 
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7.2.5 Statistical analysis 

Linear mixed models using restricted maximum likelihood (REML) were used to 

analyse these data using ASReml (Gilmour et al. 2002). Birth type, rearing type, hot 

carcass weight (HCW) were included, where relevant, among the main effects of 

stocking rate (10 dse/ha vs. 15 dse/ha) and phenotype (CFW, BWT). Three wethers 

were born as triplets and two were reared as triplets, these animals were described as 

multiples and their data pooled with the twin-born and reared animals. Random 

effects in the model included sire, treatment paddock, treatment replicate, 

randomisation group and their interactions. Also included in the random effects were 

kill group, which accounted for the slaughter group randomisation process. HCW was 

included as a covariate for analysis of FatC, GR and eye muscle dimensions. The 

analyses for the colour measures L*, a* and b* included loin pH and age as a 

covariates. Terms were ordered in the model according to the size of their effect and 

significance on the trait and those that were shown to have no significant relationship 

with the variate were dropped. Significant effects were examined using the least 

significant difference. 

 

A matrix of correlations was generated, using GenStat (2006), between colour 

measures L* , a* and b*, LDH, ICDH, LDH:ICDH, LTL pHu, GR and FatC to 

estimate the size of relationships between these traits and linear regression was 

applied to account for the proportion of variance explained in these traits by relevant 

correlated traits. On the strength of the correlations, LTL pH and GR were 

subsequently included in analysis of the enymatic activity. 

 

7.3 Results 

The animals used in this experiment were 10 months of age with a mean pre-slaughter 

empty liveweight of 47.0 ± 5.2 kg. Table 7.2 presents a summary of means for each 

carcass trait. Where reported in the text, least squares are supported with a standard 

error (s.e.). 
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Table 7-2. Means (± s.d.) of all traits for the phenotypes HH, HL, LH and LL 
according to the combination of clean fleece weight (CFW) and bodyweight 
(BWT).  
Trait HH HL LH LL 
Count (n) 31 39 31 35 
Birthweight (kg) 5.2  ±  0.8 4.7  ±  0.9 5.0  ±  1.1 4.6  ±  0.9 
Wean weight (kg) 21.9  ±  4.1 19.5  ±  3.5 22.0  ±  3.5 19.0  ±  3.5 
Birth type (No.) 1.81  ±  0.5 1.77  ±  0.4 1.74  ±  0.4 1.80  ±  0.5 
Rearing type (No.) 1.68  ±  0.6 1.56  ±  0.5 1.48  ±  0.5 1.57  ±  0.5 
Age at slaughter (d) 287  ±  6.4 288  ±  5.4 286  ±  5.7 285  ±  8.9 
Dressing (%) 43  ±  2.0 42  ±  2.0 43  ±  2.0 42  ±  2.0 
HCW (kg) 22.1  ±  2.1 18.9  ±  2.5 21.1  ±  2.4 18.2  ±  2.4 
GR (mm) 14.7  ±  2.9 13.2  ±  3.2 15.0  ±  3.5 13.2  ±  3.3 
FatC (mm) 4.3  ±  1.5 3.1  ±  1.4 3.9  ±  1.7 3.8  ±  1.8 
EMD (mm) 26.2  ±  2.0 25.6  ±  2.9 27.0  ±  2.9 25.3  ±  3.1 
EML (mm) 60.3  ±  2.7 60.2  ±  3.6 59.7  ±  3.5 57.0  ±  3.3 
EMA (cm2) 15.8  ±  1.6 15.4  ±  2.1 16.2  ±  2.3 14.7  ±  2.2 
SM pH 5.9  ±  0.2 5.9  ±  0.1 5.9  ±  0.2 5.9  ±  0.2 
ST pH 6.4  ±  0.4 6.4  ±  0.3 6.4  ±  0.3 6.5  ±  0.4 
LTL pH 5.8  ±  0.2 5.8  ±  0.1 5.7  ±  0.1 5.8  ±  0.2 
L* 36.0  ±  2.0 36.3  ±  2.3 36.1  ±  2.6 35.8  ±  2.3 
a* 18.7  ±  1.9 18.0  ±  2.0 18.5  ±  2.2 18.1  ±  2.3 
b* 7.7  ±  1.2 7.5  ±  1.3 7.8  ±  1.6 7.5  ±  1.4 
LDH 
(µmol/min.mg.protein) 

12.7  ±  1.4 12.9  ±  1.3 12.6  ±  1.0 12.0  ±  1.1 

ICDH  
(µmol/min.mg.protein) 

0.10  ±  0.01 0.09  ±  0.01 0.09  ±  0.01 0.10  ±  0.01 

LDH:ICDH 134.6  ±  23.1 145.3  ±  27.5 136.1  ±  22.3 128.3  ±  24.1 
Rate of pH decline -0.19  ±  0.05 -0.21  ±  0.05 -0.19  ±  0.05 -0.20  ±  0.04 
Temperature at pH 6.0 
(°C) 

10.8  ±  2.1 11.1  ±  2.2 11.2  ±  2.7 11.4  ±  2.8 

 

7.3.1 Hot carcass weight 

Lambs from ewes with a high BWT had carcasses that were 2.9 ± 0.52 kg heavier (P 

< 0.001) than those from low BWT ewes. There were no other significant effects 

when weaning weight and birthweight were excluded from the model. 

 

7.3.2 Fat depth and LTL dimensions 

Lambs from high BWT ewes (P < 0.05) were leaner at the GR site than those from 

low BWT phenotypes and single-born wethers (P < 0.01) were leaner than twin-born 

wethers (Table 7.3). GR fat depth increased (P < 0.001) by 1.01 ± 0.07 mm for every 

1 kg increase in HCW. 
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Stocking rate and BWT interacted (P < 0.05) for fat depth at the FatC site, where high 

BWT wethers recorded a 0.99 ± 0.37 mm lower fat depth than low BWT wethers 

when they were the progeny of dams at higher stocking rates. For each 1 kg increase 

in HCW, fat depth at the FatC site increased (P < 0.001) by 0.38 ± 0.05 mm. 

HCW significantly affected EMD, EMW and EMA (P < 0.001). For each 1 kg 

increase in HCW, EMD increased by 0.47 ± 0.95 mm, EMW increased by 0.63 ± 0.11 

mm and EMA increased by 0.34 ± 0.54 mm. There were no other significant effects 

on muscle dimensions. 

 

Table 7-3. Least squares (Av s.e.d.) for HCW (kg) and GR (mm) according to 
bodyweight (BWT) and birth type. 
 BWT Birth type 
  H L Sig. Mean 

s.e.d. 
Single Twin Sig. Mean 

s.e.d. 
HCW 21.4 18.5 *** 0.54     
GRA 12.9 14.3 * 0.55 13.0 14.2 ** 0.42 
A Adjusted to a HCW of 19.96 kg, *P < 0.05; **P < 0.01; ***P < 0.001 
 

 

7.3.3 The rate of pH decline and the temperature at pH 6.0 

Fifteen carcasses with an ultimate LTL pH greater than 6.0 were dropped from the 

data for the prediction of temperature at pH 6.0 and pH decline, leaving 121 for 

analysis. The rate of pH decline (Table 7.4) was only affected by birth type (P < 

0.05), where carcasses from twin-born wethers exhibited a slightly faster rate of 

decline than carcasses from single-born wethers. 

 

The predicted temperature at pH 6.0 was significantly affected by HCW and BWT (P 

< 0.001) and CFW (P < 0.05). Progeny of high CFW and BWT phenotypes recorded 

a lower temperature at pH 6.0 (Table 7.4), even though the high BWT carcasses were 

heavier. Much of the effect on temperature at pH 6.0 can be explained by HCW, for 

each 1 kg increase in HCW, temperature at pH 6.0 increased by 0.47 ± 0.08°C. There 

was a trend for the BWT phenotype to have a decreased rate of pH decline (P = 0.08) 

and an increased rate of temperature decline (P = 0.07). The slower rate of 

temperature decline coupled with slower rates of pH decline resulted in lower carcass 

temperatures at pH 6.0 in the high BWT carcasses. As for the rate of pH decline, the 

rate of temperature decline was largely affected by HCW (P < 0.001). High CFW 
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animals also recorded a lower temperature at pH 6.0, even though CFW had no effect 

(P > 0.1) on either rate of pH or temperature decline. 

 

7.3.4 Ultimate muscle pH 

There were no significant effects on LTL pHu. Single-reared wethers from low CFW 

ewes recorded a marginally lower SM pH (P < 0.05; Table 7.5), while single-reared 

wethers from high BWT ewes recorded a higher ST pH than single-reared wethers 

from low BWT ewes (P < 0.05; Table 7.5). Twin-reared wethers from low BWT ewes 

also had a significantly higher ST pH than single-reared wethers from low BWT 

ewes.  
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Table 7-4. Least squares (Av s.e.d.) for pH decline (h-1) and temperature at pH6.0 (°C) according to bodyweight (BWT), birth type and 
clean fleece weight (CFW). 
 

 
 
 
 
 
 

*P < 0.05; ***P < 0.001 
 
 
Table 7-5. Least squares (Av s.e.d.) for the effect of rearing type on semimembranosus (SM) and semitendinosus (ST) pH, enzymatic 
activities (LDH, and ICDH) and the ratio LDH:ICDH f or longissimus thoracis et lumborum muscle according to clean fleece weight 
(CFW) and bodyweight (BWT). 
 

 Single-reared Twin-reared   
 H L H L Sig. Mean s.e.d. 
 CFW   
SM pH 5.9 5.8 5.9 5.9 * 0.01 
LDH (µmol/min.mg.protein) 12.9 12.1 12.5 12.4 * 0.27 
LDH:ICDH 141.3 125.5 136.4 134.5 * 6.1 
 BWT   
ST pH 6.4 6.3 6.3 6.5 * 0.10 
LDH (µmol/min.mg.protein) 13.1 11.8 12.2 12.7 *** 0.28 
ICDH (µmol/min.mg.protein) 0.093 0.097 0.096 0.092 * 0.003 
LDH:ICDH 143.8 123.0 130.6 140.3 *** 6.1 

*P < 0.05; ***P < 0.001 

 

 BWT   Birth type   CFW   
 H L Sig. 

Mean  
s.e.d. 

Single Twin Sig. 
Mean 
s.e.d. 

H L Sig. 
Mean 
s.e.d. 

pH decline     -0.18 -0.20 * 0.01     
Temp pH 6.0 10.1 12.0 *** 0.48     10.7 11.5 * 0.41 
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7.3.5 Colour 

Muscle lightness, L*  (P < 0.01), redness, a* and yellowness, b* (P <0.001), were 

reduced by LTL pHu. A whole unit increase in LTL pH decreased L*  by 3.85 ± 1.22, 

decreased a* by 4.79 ± 1.07 and decreased b* by 3.49 ± 0.66 units. The correlations 

between the LTL pHu and colour measures were: L*  (-0.37), a* (-0.41) and b* (-0.49) 

respectively. Lightness, L* , values were reduced by age (P < 0.001), as were a* 

values (P < 0.05). Correlation coefficients between age and L*  were -0.09 ± 0.03 and 

with a* were -0.06 ± 0.02. There were no other significant effects (P > 0.05) on 

colour measures. 

 

7.3.6 Enzymatic activity 

One outlier with an elevated LDH value (+ 4.4 s.d.) was removed from the LDH and 

ratio of LDH to ICDH (LDH:ICDH) data. 

 

LTL pHu was correlated with ICDH activity (-0.20), accounting for 3.2% of the 

variance in activity (P < 0.05) but was only weakly (0.11) correlated with the 

LDH:ICDH ratio and not with LDH activity (-0.03) or GR (0.06). Correlations with 

GR existed for ICDH activity (0.27), accounting for 6.1% of the variance in activity 

(P < 0.01), and also with the LDH:ICDH ratio (-0.21) and L*  (-0.23) but not with 

LDH activity (-0.03). 

 

There was an interaction between BWT and rearing type (P < 0.001), where increased 

LDH activity was observed in single-reared wethers from high BWT ewes compared 

to singles from low BWT ewes and twins from high BWT ewes (Table 7.5). Single-

born wethers from high CFW ewes also recorded higher LDH activity (P < 0.05) than 

those from low CFW ewes (Table 7.5). An interaction occurred between BWT and 

LTL pHu (P < 0.05) where, curiously, animals from low BWT ewes recorded 

declining LDH activity with increasing LTL pHu (Fig. 7.1). BWT also interacted with 

GR (P < 0.05), where animals from low BWT ewes had decreasing LDH activity with 

increasing fat depth (Fig. 7.2). 
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Figure 7-1. Least squares (± s.e.) for LDH (µmol/min.mg.protein) activity 
according to the interaction between bodyweight (BWT) and LTL pHu ( P = 
0.019).  
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Figure 7-2. Least squares (± s.e.) for LDH (µmol/min.mg.protein) activity 
according to the interaction between bodyweight (BWT) and GR (P = 0.046).  
 

ICDH activity increased (P < 0.05) in single-reared lambs from low BWT ewes 

compared to those from high BWT ewes (Table 7.5). As fat depth increased (P < 

0.01) ICDH activity increased, and as LTL pHu increased, ICDH decreased (P < 

0.05). 

 

Single-reared wethers from high BWT ewes recorded a 17% higher LDH:ICDH ratio 

(P < 0.001) than single-reared wethers from low BWT ewes (Table 7.5) and single-

reared wethers from high CFW ewes recorded a 12% higher ratio than single-reared 

wethers from low CFW ewes (Table 7.5). Wethers from low BWT ewes recorded a 
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12% higher LDH:ICDH ratio (P < 0.05) at six mm of GR fat depth and 17% lower 

ratio at 20 mm GR depth (Fig. 7.3). There was an interaction between BWT and LTL 

pHu (P < 0.05) with wethers from high BWT ewes having significantly higher 

LDH:ICDH ratio levels at higher LTL pHu than wethers from low BWT ewes (Fig. 

7.4). 
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Figure 7-3. Least squares (± s.e.) for the LDH:ICDH ratio according to the 
interaction between bodyweight (BWT) and GR. 
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Figure 7-4. Least squares (± s.e.) for the LDH:ICDH ratio according to the 
interaction between bodyweight (BWT) and LTL pHu. 
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7.4 Discussion 

 

7.4.1 Carcass traits 

CFW did not have any significant effect on FatC or GR, where BWT, HCW and birth 

type accounted for the variation. The phenotypic correlations between CFW and 

fatness highlight variation around the sign, where a positive phenotypic correlation 

(0.17) with fat depth (Safari et al. 2005a) and a weak negative (-0.05 to -0.08) 

correlation between GR, FatC and CFW have been reported for Merinos (Greeff et al. 

2007). This experiment demonstrates that phenotypic CFW selection on the sire and 

dam, will not have any sizeable effect on carcass fatness in the progeny. Much of the 

effect on fatness is driven by HCW, where high BWT phenotypes have an additional 

and favourable effect, making those carcasses leaner at the slaughter weight used in 

this experiment. Furthermore, the interaction between BWT and stocking rate 

suggests that the general trend of fatness reductions at the FatC site through BWT 

selection can be further enhanced when the dams are stocked at higher rates during 

pregnancy and to weaning. This interaction infers some role of prenatal programming 

(Bell 2006) whose effects are not overcome by sufficient nutrition between weaning 

and slaughter. 

 

Moderate, positive, phenotypic correlations have been reported between liveweight 

and EMD, EMW and EMA (0.32, 0.25 and 0.28 respectively) and no (0.02) 

phenotypic correlation between CFW and EMD (Safari et al. 2005a) or other LTL 

muscle dimensions (Greeff et al. 2007). The results reported here support those 

observations where phenotypic CFW selection had no significant influence on LTL 

muscle dimensions, with the most influential trait being HCW. 

 

The finding that HCW was increased in animals with a high BWT is logical and 

consistent with the results of Greef et al. (2007). Improvements in HCW are 

important for market flexibility as both domestic and export markets are demanding 

large lean carcasses (Fogarty et al. 2000). Phenotypic emphasis on this trait is likely 

to have positive benefits and should be pursued where carcass value represents an 

important economic contribution to the Merino enterprise. 
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7.4.2 Meat quality traits 

No differences were observed in the pH decline that were attributable to CFW or 

BWT, while twin born wethers exhibited a marginally faster rate of decline. The rates 

of decline were similar to other observations for Merino and cross-bred sheep 

slaughtered by Hopkins et al. (2005c). In Merino wethers of similar HCW, Daly et al. 

(2006) related faster rates of pH decline to greater muscle glycogen stores and 

Hopkins et al. (2005b) found the rate of decline in LTL pH was slower in carcasses 

with a low pre-slaughter nutritional background. Given the fatness at both FatC and 

GR sites (Tables 7.2 and 7.3), it could be argued that the background nutrition of the 

animals in the current study was more than sufficient to achieve a positive energy 

balance and that the reported values for pH, pH decline and temperature at pH 6.0 are 

related to the Merino breed rather than nutrition. In these circumstances, stress would 

more likely have affected muscle glycogen levels than nutrition. 

 

The carcass temperatures at pH 6.0 were lower at the same HCW than those observed 

by Hopkins et al. (2005c) and were, reflective of the slower rate of pH decline, 

whereas when stimulation is applied the temperature at pH 6.0 will be much higher 

(Toohey et al. 2006). Given the strength of the relationship between HCW and 

temperature at pH 6.0 (Thompson et al. 2006) as found in this study, it was a curious 

observation, that when adjusted for HCW, the wethers from high BWT ewes had a 

lower temperature at pH 6.0, particularly when high BWT animals had heavier 

HCW’s. This occurred because these animals recorded a slightly slower rate of pH 

decline coupled with a marginally faster rate of temperature decline, which enabled 

the carcasses to cool to lower temperatures before reaching pH 6.0. The implication of 

this effect is an increased risk of cold shortening (Thompson 2002) affecting 

tenderness. However, all of the carcasses in this study had temperatures at pH 6.0 that 

were below the ideal (Hopkins et al. 2005b) and under other circumstances the 

application of electrical stimulation could be applied to alleivate this effect. High 

CFW animals also recorded lower temperature at pH 6.0, despite not showing any 

differences in the rate of pH or temperature decline, which makes it difficult to 

explain. 

 

The sheep meat industry aims to achieve a pH less than 5.8 because of its importance 

for keeping quality (Egan and Shay 1988). The longer it takes for a carcass to reach 
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this pH, then more time is required to keep the carcass in cold storage, or food safety 

risks will increase. While the rate of pH and temperature decline may indicate 

important information about the risks of cold shortening and carcass logistics inside 

an abattoir, the lack of differences between the phenotypes for LTL pHu, and for the 

colour measures L* , a*, and b*, is also relevant to the Merino sheep meat producer. 

This finding is supported by limited genetic correlations (Fogarty et al. 2003), where 

the phenotypic correlation between CFW and LTL pHu was 0.03. That the actual pH 

achieved by these non-stimulated animals in the current study was at the sheep meat 

eating quality (SMEQ) benchmark, of pH 5.8, reinforces the issue that Merino meat is 

susceptible to a high pH. Thus, there is room to improve pH levels in Merinos, given 

the within-breed variation (Hopkins et al. 2005a). The LTL pHu levels were similar to 

exercised second cross lamb (Warner et al. 2005), lower that those reported for 19 

month Merino rams (Fogarty et al. 2003) and higher than others (Hopkins et al. 

2005c). Pethick et al. (2005) reported higher muscle glycogen values for Merino cross 

lambs fed high energy pellets during feeding, but lower levels than pasture-fed lambs 

at slaughter, indicating a greater loss of glycogen in lambs on high energy 

supplements between farm and slaughter. Gardner et al. (1999) reported increased 

rates of glycogen depletion in Merinos after exposure to pre-slaughter stress. The pH 

values, especially those in the ST muscle observed in this experiment, are not 

altogether uncommon for Merinos but are high, infering some pre-slaughter stresses 

were imposed on the wethers or that they depleted glycogen to a greater extent. 

Sampling using in vivo muscle biopsies, Thomson et al. (2005) demonstrated that 

Merinos with a high fleece production relative to bodyweight exhausted their muscle 

glycogen levels faster during exercise, supporting an alteration in metabolism, and 

perhaps it is the proportion of CFW relative to BWT that should be considered in 

future evaluations of fleece-based selection on carcass effects. That the animals in the 

current study were handled according to commercial standards is important for 

industry interpretation and strengthens the conclusion that pH is not affected by 

phenotypic CFW or BWT selection in commercially handled animals. 

 

The correlation analysis provided useful information on the relationships between 

LTL pHu and GR with the markers of enzymatic activity. There was a weakly-

moderate negative correlation between both LTL pHu and GR with ICDH and no 

correlations with LDH. That the correlations between LTL pHu and GR with ICDH 
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are significant but, respectively, only account for 3% and 6% of the variation, 

demonstrates that factors other than LTL pHu and GR affect ICDH activity. 

 

The values for both ICDH and LDH were higher in 19 month-old wethers (Hopkins et 

al. 2005a) than found here. Variation in LDH, an indicator of anaerobic glycolysis, 

has been shown to exist among breeds and slaughter groups (Gardner et al. 2007). 

This study has shown that changes in LDH are evident for both CFW and BWT 

selection. When LDH activity was elevated in Border Leicester x Merino lambs that 

were nutritionally restricted (Gardner et al. 2006), it was suggested that a shift 

towards a more glycolytic, less efficient metabolism may have occurred – resulting in 

less ATP per glucose molecule. It follows that animals that are leaner are more likely 

to have elevated LDH activity and higher LDH:ICDH ratios, while fatter animals on 

the same ration will have lower LDH and higher ICDH activity. Figures 7.2 and 7.3 

support this contention, where the fatter (Table 7.3) low BWT wethers had lower 

LDH activity, and were therefore more aerobic (Fig. 7.2), and they also had improved 

ICDH activity, which further lowered the LDH:ICDH ratio (Fig. 7.3). However, as 

expected from the correlations, the strength of the relationships between LTL pHu 

and GR with LDH activity are low, suggesting that the use of LDH as an indicator of 

nutritional or pre-slaughter handling stress is likely to be of little use. A more helpful 

indicator of oxidative-glycolytic shifts may be observed with the LDH:ICDH ratio, 

because of the improved correlations with ICDH and LTL pHu and the number of 

significant interactions with the ratio, in contrast to ICDH. 

 

It can be seen from Fig. 7.3 that fatter wethers from low BWT ewes have a more 

aerobic energy metabolism at slaughter than fatter high BWT counterparts. This is 

best demonstrated in Fig. 7.4, where high BWT wethers with a higher LTL pHu, 

which are animals more likely to have been stressed, exhibited an elevated 

LDH:ICDH ratio. This suggests that selection for BWT has altered the manner by 

which LTL muscle tissue operates glycolytically or oxidatively, and may relate to 

changes in fibre type (Greenwood et al. 2007) as a consequence of phenotypic BWT 

selection. 
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7.5 Conclusions 

For Merino breeders to increase their share of the lamb slaughter market, heavier 

carcass weight will be essential. Phenotypic selection for BWT will have favourable 

effects on carcass attributes including weight, fatness and LTL dimensions, with the 

exception of temperature at pH 6.0. The only effects of increasing dam stocking rates 

was to decrease fat depth in high BWT progeny. The increase in LDH activity is 

indicative of a metabolic adjustment to CFW selection, suggesting that there is a 

compromise in the ability to service fleece growth, but the effects of BWT selection 

are of more importance. The relative value of these relationships are unknown, yet it 

certainly supports the theory that metabolic adjustments have occurred in the Merino 

after CFW and BWT selection and may involve changes in the distribution of muscle 

fibre types across the oxidative-glycolytic range. Further, it suggests that the 

glycolytic change has occurred without observable effects on LTL pH. The literature 

is without much focus on meat quality variation amongst only Merinos. This 

experiment shows that while variation does exist within a bloodline, it is clear that 

managing dams at two stocking rate levels and applying phenotypic selection towards 

increased CFW is not likely to have largely deleterious impacts on measures of meat 

quality, encouraging our conclusion to reject the hypothesis that CFW selection may 

affect carcass qualities. 
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Chapter 8  Metabolic study of twin bearing ewes 

 

8.1 Introduction 

The selection of Merino sheep for heavier fleece weight is possible because of its 

favourable heritability (Safari et al. 2005b; 2007) and the ease of measurement. 

However, creating change in one direction can result in changes of other measureable 

parameters associated with the trait under selection. Therefore, it is important to be 

‘certain of the real desirability of the characteristic’ under selection (Morley 1955). 

The consequences of selection for a heavier clean fleece include genetic reductions in 

both fatness and also the components of reproduction, including the number of lambs 

born and lambs weaned per ewe joined (Safari et al. 2005a). In this regard, high clean 

fleece weight Merinos are more likely to be leaner, particularly when offered low 

quality feeds (Adams et al. 2004a; 2006). Such reductions in body fatness are thought 

to contribute to lower rates of reproduction (Adams and Briegel 1998; Oldham and 

Thompson 2004), particularly the number of lambs weaned. 

 

Wool production differences may also be due to differences in voluntary feed intake; 

because of differences in the efficiency of conversion of feed into wool; or because of 

an interaction of these two factors (Williams 1979). When offered reasonable quality 

nutrition, high CFW animals have been shown to consume more feed, but when 

offered lower quality nutrition they consume the same amount (Adams et al. 2006a). 

However, when fed a ration of lower protein and digestibility, high CFW animals 

depleted more of their fat energy stores (Adams et al. 2004a; 2006). Differences in the 

concentrations of metabolites and hormones were reported in these particular animals, 

providing an explanation for the leanness associated with high CFW. When fed at the 

same level (1.2xM), high CFW sheep had lower plasma concentrations of glucose, 

insulin and IGF-1 and higher growth hormone and non-esterified fatty acids (Adams 

et al. 2006a). Lents et al. (2005) suggests that nutrient intake has a greater influence 

than body energy reserves on IGF-1, insulin and leptin in the plasma of pregnant beef 

cows. Therefore, changes to the biology of the sheep, at the cellular and hormonal 

levels, support increased fleece production but with negative consequences for 

fatness, and hence energy reserves, particularly when nutrition or intake is limiting. It 

is suggested that the changes in protein partitioning towards the skin reduces the 

quantity of amino acids made available for energy production, via gluconeogenesis 
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(Bermingham et al. 2004) and that through this mechanism reductions in body fatness 

may occur. 

 

However, published reports of reductions in fatness with increased CFW are 

inconsistent. Adams et al. (2005) reported high CFW sheep had the same fat and 

muscle depths as low CFW sheep whereas Li et al. (2007) reported high CFW 

wethers were not different to low CFW sheep in fat depth but had increased muscle 

depth at low nutrition, while at high nutrition they were fatter with greater muscle 

depth. Reported differences in feed intake are also equivocal across studies but 

corrections for liveweight nullify the effect of high CFW. Therefore, high CFW tend 

to be heavier and eat more as a result. The phenotypic correlations between CFW and 

feed intake are low to moderate but positive (0.07) (Fogarty et al. 2009). Safari et al. 

(2005a) reported CFW had weak to moderate positive phenotypic correlations 

between CFW and fat depth, while eye muscle depth had no phenotypic correlation. 

Results from a two-year field experiment, Refshauge et al. (2010) indicated 

ultrasound scanned muscle depth and fat depth were lower in high CFW ewes, while 

fat score reductions were limited to those bearing twins and occurred only between 

lambing to post-weaning. 

 

There are many useful indicators of metabolic activity (Caldeira et al. 2007), 

including hormones (insulin, leptin, thyroxine and triiodothyronine and metabolites, 

glucose, lactate and non-esterified fatty acids). Each of these either relate to or 

support energetic homeostasis and many have been used to assess the differences 

between sheep selected for higher or lower CFW (Adams et al. 2006a; Hough et al. 

1988). 

 

The involvement of insulin in mechanisms contributing to wool growth rate provides 

an explanation of how wool growth may be related to energy-driven functions such as 

reproduction and fatness. Oddy and Lindsay (1986) provide evidence that insulin 

increased as wool growth rate increased. Insulin is an especially powerful mediator of 

many different regulatory effects, most of which serve to maintain metabolic 

equilibrium in the face of short-term variations in nutrient supply and demand (Bell 

and Bauman 1997). However, Adams et al. (2004b) reported lower rates of insulin in 

high fleece weight Merinos and suggested this contributed to higher whole-body 
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protein turnover and, in that study, increased protein degradation rate but did not 

discount the possibility that other hormones were involved. Low CFW wethers 

responded to higher nutrition (higher amino acid supply) by reducing the rate of 

protein degradation without altering the synthesis rate, whereas high CFW wethers 

increased both protein degradation and synthesis rate when on high nutrition (Adams 

et al. 2004b). Lobley (1998) suggests that this may be more energetically expensive 

than a reduction in protein degradation, because protein synthesis and protein 

degradation both involve the use of ATP. However, Li et al. (2008) reported that high 

CFW sheep had lower whole-body energy expenditure, thus in those Merinos, 

selection for high CFW increased the efficiency of dietary protein and energy use for 

wool production and body-tissue growth, thus minimising wool growth effects on fat 

and muscle deposition. 

 

Ruminants are at all times reliant on hepatic gluconeogenesis for their glucose supply 

(Bell and Bauman 1997). The additional demand for protein from skin, draws on the 

amino acid pool otherwise available for gluconeogenesis (Bermingham et al. 2004). 

Briegel et al. (2004) considered that lower plasma insulin in high CFW sheep, 

coupled with reduced glucose production rate (Bermingham et al. 2004) was 

sufficient to lower plasma glucose. Insulin also plays a key role in fat mobilisation 

and reproduction as increased metabolism of lipid substrates serves to spare maternal 

utilisation of glucose for use by the conceptus (Bell 1995). Husted et al. (2007) 

showed that lambs born of undernourished dams had lower birth weight, continued to 

be lighter over time, and at 19 weeks, secreted less insulin, released more NEFA and 

tended to have lower leptin during fasting. Such conditions are similar to those 

described by Adams et al. (2006). The Husted et al. (2007) lambs had less insulin-

secretory capacity, which was compensated for by increased tissue sensitivity and 

increased adipose lipolytic capacity during fasting. McNeill et al. (1994) 

demonstrated that dams kept in lean condition from mating to D146 of gestation had 

similar placental size and similar foetal weights but the lambs had less proportional 

fatness than dams held in medium condition. It is possible that the involvement of 

insulin in mechanisms contributing to wool growth rate may have energy-limiting 

effects on intrauterine conceptus growth and lactogenesis. 
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Thompson et al. (2006) suggested that selection for one or more wool characteristics 

affects genetic variability for lamb survival within a flock. In an across-flock 

compilation of genetic parameters for Merino sheep, using data from 7 research flocks 

across Australia, Safari et al. (2007) shows CFW has negative genetic correlations for 

fertility (-0.21), lambs born per ewe joined (-0.11) and lambs weaned per ewe joined 

(-0.26). Litter size was found to have a positive correlation (0.04). 

 

The findings of Safari et al. (2007) also show negative phenotypic correlations for 

fertility (-0.17), litter size (-0.08), lambs born per ewe joined (-0.17) and lambs 

weaned per ewe joined (-0.18). Hatcher and Atkins (2007) found high CFW ewes 

reared 4% fewer lambs in a 10 year study, with a range of differences between 0% 

and 11%. However, the number of lambs that died at lambing and were autopsied 

tended to be fewer in the study of high CFW ewes (Refshauge et al. 2007). This may 

indicate that more lambs from high CFW dams perish between the neo-natal period 

and weaning, which Hatcher and Atkins (2007) identified as the most critical period. 

 

It is during the neonatal period that up to 90% of mortalities occur (Haughey 1983). 

The period at birth and immediately postpartum is a time of rapid development, a 

transition from uterine to independent postnatal life, and follows a series of 

maturational processes in the foetal lamb before birth (Mellor 1988). Ewes that 

mobilise less body fat during pregnancy produce lambs that stand and suckle quickly, 

and are more active over the first 3 days of life (Dwyer 2003), thus it follows that 

where high CFW ewes have less fat, then the neonatal period remains to be a critical 

time to examine. 

 

Haughey (1980) suggests that 20-60% of neonatal lamb deaths, pathologically 

categorised as having died from the starvation/mismothering/exposure complex 

(SME), are a consequence of birth stress. Haemorrhage and lesions in the brain and 

spinal cord resulting from hypoxia/hypoxaemia may be the cause of the majority of 

deaths (Dutra et al. 2007). Lambs that are born with either brain injuries, low birth 

weight, or are born immature, or experience starvation, struggle to thermoregulate 

(Eales et al. 1982). Prolonged labour increases the possibility of brain trauma and 

hypoxia in the neonate (Haughey 1993), resulting in impaired sucking, locomotor 

activity and thermoregulation (Dwyer and Lawrence 2005; Eales et al. 1982; Haughey 
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1980). Lambs requiring assistance in delivery are slower to perform all neonatal 

behaviours than unassisted lambs, and are less active over the first 3 days post-partum 

(Dwyer 2003). Haughey (1983) states that much perinatal loss results from repeated 

rearing failure by a minority of ewes. Breeding ewes can be characterised into 

quartiles based on lifetime reproductive rate and Lee et al. (2009) show that the 

bottom 25% of ewes rear just 8% of lambs weaned by the flock; these ewes only 

conceive every second year, have lower fecundity and rear only 50% of the lambs 

born. Haughey (1983) states that such performance is repeatable and Lee et al. (2009) 

and Hatcher et al. (2010) provide supporting evidence. 

 

Barlow et al. (1987) reports placental insufficiency is involved in 24% of deaths; 

acute hypoxaemia at birth accounted for 35%, inadequate thermogenesis for 12% and 

starvation for 13%. Physiological parameters proposed as indicators of causes leading 

to hypothermic death, rely on differences in glucose and lactate levels (Eales et al. 

1982). Elevated lactate levels indicate placental insufficiency, intrapartum 

hypoxaemia and dystocia (Mellor 1988). Acute hypoxaemia is associated with 

elevated glucose, whereas maternal underfeeding and starvation of the newborn are 

associated with depressed glucose levels, and foetal hypoglycaemia is associated with 

reduced insulin (Mellor 1988). Foetuses exposed to intrauterine growth restriction 

have been shown to be both hypoxic and hypoglycaemic and thus have reduced 

insulin, IGF-1 and elevated lactate (Wallace et al. 2005). Lactate is a useful 

postpartum indicator of birth stress because levels remain elevated for a prolonged 

period during recovery (Hooper 1995). 

 

Hepatic glucose synthesis in the ewe, during late pregnancy and early lactation, is 

increased to accommodate uterine or mammary demands even when the supply of 

dietary substrate is inadequate. At the same time, glucose utilisation by adipose tissue 

and muscle is reduced. These responses are exaggerated by moderate undernutrition 

and are mediated by reduced tissue sensitivity and responsiveness to insulin (Bell and 

Bauman 1997). Insulin resistance during late pregnancy (Petterson et al. 1993) is 

exacerbated by undernutrition (Bell and Ehrhardt 2000), and manifests itself as 

diminished sensitivity to insulin and decreased insulin responsiveness of lipolysis and 

NEFA mobilisation (Petterson et al. 1994). Thus, in sheep, fat mobilisation during 

late pregnancy is facilitated by the decreased ability of insulin to promote lipogenesis 
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and oppose lipolysis. Early lactation is characterised by a moderate degree of insulin 

resistance in adipose tissue and muscle, thereby promoting the mobilisation of NEFA 

and amino acids and sparing glucose, which may be most exaggerated immediately 

after parturition (Bell 1995). Udder development is enhanced by a number of 

hormones, including growth hormone and insulin (Mellor 1988). The impact of high 

CFW on insulin, glucose and NEFA metabolism may negatively impact on udder 

development as well as the onset and duration of lactation in older ewes. This may 

explain the lower weaning rates of high CFW ewes. 

 

Brown fat is highly thermogenic and plays a critical role in maintaining thermal 

stability in the neonate (Bell 1993), and is an indicator of foetal maturity (Mellor 

1988). Perirenal adipose tissue in the lamb is considered to be the primary source of 

circulating leptin (Ehrhardt et al. 2002; O'Connor et al. 2007). In the adult, leptin acts 

centrally via receptors within the hypothalamus and caudal brain stem to induce 

satiety and increase energy expenditure to counteract increases in energy intake (Barb 

1999; Grill et al. 2002). Henry et al. (2008) demonstrate a post-prandial, facultative 

thermogenic effect of leptin when infused into the brain to act on the hypothalamus. 

Morton (2007) argues insulin signalling in the CNS, via the arcuate nucleus and the 

ventromedial nucleus of the hypothalamus, regulates both body weight and glucose 

metabolism. Therefore, difficulty in parturition that results in lesions or congestion in 

the brain and CNS may affect satiety, glucose homeostasis and thermoregulation 

signals in the lamb. 

 

If selection for heavier CFW impacts on body fatness, energy metabolism and NLW, 

it becomes important to examine these relationships in pregnant ewes. To study the 

effects of selection on feed intake, energy metabolites and hormones, cause of 

neonatal death and milk quality, twin-bearing ewes phenotypically selected for high 

and low CFW were housed for their second and third trimester. The hypothesis 

examined was that at the same level of feed intake, high CFW dams would have 

different levels of circulating energy metabolites and hormones, less body fat, longer 

parturition, lower milk production and poorer lamb survival. 

 

 



Chapter 8 Metabolic study of twin bearing ewes  114 

 

8.2 Methodology 

 
8.2.1 Ewes 

The ewes were medium-wool Peppin Merinos, Haddon-rig bloodline from the 

QPLU$ project (Taylor and Atkins 1997). At the conclusion a field trial (see Chapter 

4) (Refshauge et al. 2010), 173 February-shorn ewes were selected on the basis of 

their age (5-8 y.o.), structural soundness, reproductive history and relative body 

condition. Ewes that were included had sound udders and teeth, had weaned a lamb to 

weaning in 2006, and were preferred when not below fat score two (Shands et al. 

2009; White and Holst 2006). On the 7th of February 2007, the ewes were relocated 

from the Agricultural Research and Advisory Station, Cowra, N.S.W. to the Orange 

Agricultural Institute, Orange, N.S.W. for the animal house study. The ewes were 

subsequently managed in three groups to either; gain weight; maintain weight, or lose 

weight. The aim was to improve the uniformity of fatness of the ewes. 

 

On the 21st of March 2007, the ewes were fat scored, weighed and prepared for the 

artificial insemination program (AI) with the application of progesterone sponges. All 

sponges were successfully retained in the ewes during the 12 days, being removed on 

the 2nd of April 2007. Pregnant Mare Serum Gonadotrophin (Pregnecol PMSG, 

Bioniche) was diluted to 200 i.u./mL and injected into each ewe (1.2 – 1.75 mL) after 

the sponge was removed. 

 

AI was undertaken on the 4th of April, 2007. All ewes were injected with Xylazil 

(Ilium, 100mg/mL, diluted in saline to 4mg/mL) 15 minutes prior to insemination. 

The semen used in the program was from one sire, a QPLU$ ram (504748-2004-

247367) who was a trait leader for clean fleece weight (+26.2), with a low fibre 

diameter (-1.6) and trait-leading index values 

(http://sheepgenetics.org.au/MERINOSELECT/). 

 

Pregnancy scanning was undertaken at day (D) 51 after AI. The ewes were scanned to 

determine litter size using real time ultrasound by an experienced commercial 

operator. The average pregnancy rate (lambs scanned/ewe joined) was 136%, with 44 

(26%) dry, 37 (22%) singleton bearing, 73 (43%) twin-bearing and 16 (9%) triplet-

bearing ewes identified. Table 8.1 describes the mean relative performance of the 
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twin-bearing ewes that entered the animal house trial, including their hogget clean 

fleece weight (HCFW), hogget bodyweight (HBWT) and hogget fibre diameter 

(HFD). Standardised deviations, z-score = ((x-x̄  )/σ), were calculated for each ewe on 

the basis of their HCW, HBWT and HFD and is calculated within each age group, 

thus removing the effects of year. The data (Table 8.1) shows that the mean z-score of 

the high CFW ewes were 1.6 standard deviations from the mean CFW of the low 

CFW. There only minor body weight differences, less than 0.12 deviations, and there 

were no relative differences in fibre diameter (0.02). The mean number of lambs 

weaned per ewe, averaged from their performance in the field experiment (described 

in Chapter 4) was 140% for the high CFW dams and 136% for the low CFW dams. 

 

Table 8-1. Mean standardised deviation (z-score) for the CFW groups for traits 
recorded on the animals at hogget age, including clean fleece weight (CFW), 
body weight (BWT) and fibre diameter (FD). 
Hogget trait High CFW Low CFW 
CFW z-score 0.70 -0.91 
BWT z-score -0.15 -0.03 
FD z-score -0.08 -0.10 
 

 

8.2.2 Nutrition 

One month prior to the commencement of the animal house trial the ewes were 

introduced and adjusted to the base pellet ration, consisting of 40% wheat, 25% oats, 

35% lucerne hay plus 1% limestone and salt. The FeedTestTM feed values were 95% 

DM, 75% DMD, 11.5 MJME and 13% CP. While remaining on short pasture, the 

ewes were supplemented with 450g/hd/day of the pellet. In the final week prior to the 

animal house introduction the ewes were offered 600g/hd/day plus lupins at 

50g/hd/day, which was determined using Grazfeed (Freer et al. 1997) to maintain a 

maternal liveweight of 63kg twin-bearing ewes at D45 gestation. After the first seven 

days in the animal house three ewes were not eating their entire daily ration and one 

of these ewes stopped eating. Replacements were selected from 13 spare ewes, which 

had been fed an average ration outside the animal house to maintain the maternal 

liveweight of the group. 

 

Once adjusted to their total rations, 30 ewes of each CFW group were offered daily 

rations at a low (0.9xM) or a high nutrition level (1.2xM). Grazfeed (Freer et al. 
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1997) was used to provide levels of feed offered based on a calculation of the 

maternal liveweight maintenance requirement of each ewe (M) at five day gestation 

intervals. Maternal liveweight (fleece and conceptus free) was calculated by adjusting 

liveweights for fleece and conceptus growth information. Estimates for fleece growth 

were made using the fleece weight from the previous shearing. Further liveweight 

adjustments were made by including estimates of conceptus growth rates during 

pregnancy. The modelling software used was described by Geenty et al. (2007) and 

was based on algorithms developed by Freer et al. (1997). The weight of refused 

rations were weighed and recorded daily and calculated as a percentage of the ration 

offered. For analyses of feed intake, the weight of ration refused was used to 

determine the proportion of maintenance requirement consumed. For example, when a 

dam was offered 1.2xM and refused 30% of her ration, her intake was 0.9xM. 

 

The week prior to lambing all ewes were removed from the animal house and housed 

in larger individual pens, on sawdust and under an awning for shelter. This created 

more room and a warmer and softer surface for each ewe. Daily feed refusals 

continued to be collected and recorded up to 24 h after the birth of the second lamb. 

 

8.2.3 Parturition 

At the first clear sign of parturition, which was considered to be either obvious 

contractions or the expulsion of the amniotic sac, the ewes had their rectal 

temperatures recorded and a jugular blood sample taken. Blood was collected using 

19 gauge needles and 10ml lithium heparin vacutainers. The sample vacutainers were 

immediately labelled and stored on ice. After the second lamb had been measured for 

rectal temperature and its blood sample collected, a second blood sample and rectal 

temperature was collected from the dams. 

 

8.2.4 Animal house plasma metabolites 

Plasma samples were collected from all 60 housed ewes and the 13 spare ewes. Blood 

was collected using 19 gauge needles and 10 mL lithium heparin vacutainers. The 

sample vacutainers were immediately labelled and stored on ice for 20 minutes, until 

half of the ewes had been bled, at which time they were centrifuged for 20 minutes 

and stored in ice. After all samples had been collected and centrifuged, the plasma 

supernatant was decanted into 5 mL storage containers and stored at -20°C. 
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Table 8.2 lists the number of metabolites and hormones investigated, and includes the 

number of animals sampled for each assay, at what stage of gestation, at the 

commencement and conclusion of each dam’s lambing, and at weaning. Table 8.3 

lists the number of samples analysed for each metabolite and hormone. The samples 

were collected at birth, two hours post partum and at weaning. Figure 8.1 shows the 

timing of the plasma assays relative to the feed intake of the dams. 

 

Beta hydroxybutryrate (BHB) is an accepted indicator of ketosis, a metabolic disorder 

also known as pregnancy toxaemia and twin lamb disease. Ketone bodies consist of 

acetone, acetoacetic acid, BHB and isopropanol, of which BHB is the most common 

ketone (Robertson and Thin 1953). Given the difficulties of hypophagia experienced 

in the later stages of the experiment (Fig 8.1), an opportunity was presented to 

observe the factors affecting variation in BHB. 

 

Table 8-2. The list of plasma metabolites and hormones measured in the dams, 
for each stage of gestation and at parturition and weaning including the number 
of samples analysed. 
 D 84 D 98 D 125 D 140 Pre-

partum 
2 h post- 
partum 

Weaning 

Glucose 
(mg/dL) 

58 60 59 54 38 42 39 

Insulin 
(µIU/mL) 

58   54 36   

Leptin 
(ng/mL) 

58  59 54 38 41  

NEFA 
(mmol/L) 

58 60 58 54 38 42 39 

BHB 
(mmol/L) 

58  59 54 38   

Total 290 120 235 270 188 125 78 
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Table 8-3. The list of plasma metabolites and hormones measured in the lambs, 
at their birth, two hours postpartum and at weaning. 
 Partum 2 hr post partum Weaning 
Glucose (mg/dL) 78 78 56 

Insulin (µIU/mL)  53  

NEFA (mmol/L) 78 78 56 

Leptin (ng/mL) 78 78  

Lactate (mmol/L) 78 77  

Total 312 364 112 
 

 

8.2.5 Body composition analysis 

Newly purchased oxide of deuterium (D2O) was injected intramuscularly into all 60 

trial ewes and 12 back up ewes on D68 to estimate the composition of lean and fatty 

tissue. Ewes were fasted off all feed and water overnight. Blood samples were taken 

prior to injections to establish a baseline body-water concentration. Each ewe was 

injected with 3 mL of D2O intramuscularly in the rump muscles, at one injection site. 

All syringes and needles were used once. Each syringe and needle were weighed with 

the D2O (to 3 d.p.) and reweighed again after injection, to determine the exact weight 

injected. All ewes remained without feed or water for a further six hours, after which 

they were blood sampled and weighed. The blood samples were centrifuged for 20 

minutes at 2000 rpm. The plasma supernatant was extracted using single-use 

disposable pipettes. The plasma and a 5 mL vial of D2O were stored at -20°C. 

Subsequent analysis of D2O revealed no differences between the baseline body-water 

concentrations and treated samples. No data are presented from this treatment. 
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Figure 8-1. Mean feed intake for all ewes and the dates selected to evaluate the 
metabolic profile are indicated by arrows. 
 
 
8.2.6 Colostrum and milk samples and milk intake 

After birth, colostrum was expressed by hand milking of ewes and without treatment 

with oxytocin. Oxytocin was not used to enhance milk secretion because of the 

potential to bias lamb survival. In most instances milk was expressed around 2 hours 

post-partum, however further attempts to milk individual ewes were undertaken up to 

12 hours post-partum in order to express enough colostrum for analysis. Some ewes 

failed to supply any colostrum (n=4). In total, 20 mL of colostrum was collected from 

each ewe, mixed with a preservative (50 µL of 10% potassium dichromate) and stored 

for later analysis of lactose, protein and fat. Samples were sent to Dairy Express, 

ABRI, Armidale, N.S.W. for protein, fat and lactose analysis using a Bentley 200 

(Bentley Instrument Inc, USA). A substantial error was made by the Dairy Express 

technicians during preparation of the samples for measurement. Instead of diluting 

very thick colostrum samples, such samples were discarded, which resulted in the loss 

of 23 samples of the 32 provided. 

 

At 11 days postpartum milk was again collected by hand milking and estimates of 

lamb milk intake were also made. Samples also were sent to Dairy Express, ABRI, 

Armidale, N.S.W. for protein, fat and lactose analysis. The ewes and lambs were 

isolated in sheep yards and separated from one another for a four hour off-feed 

curfew. The lambs remained off-feed during the entire treatment, while access to 
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water was provided for the ewes through drinker nipples. At the conclusion of the 

four hour curfew, and before the lambs were re-mothered, the 20 ml of milk was 

taken for protein, fat and lactose analysis and mixed with a preservative (50 µL of 

10% potassium dichromate). After milk samples were collected, all lambs were fitted 

with nappies (Walkers 13-18 kg, Huggies) and ram lambs were fitted with additional 

absorbent products (Goodnights, Extra long maternity pads, Libra) to prevent the loss 

of urine and faeces. Each lamb was then enveloped in a baby jumpsuit (Sizes 0000, 

000, 00, 0 and 1) to help retain the nappy and additional urine loss (Fig 8.2). Each 

lamb was weighed (to 3 d.p.) after the fitting of the absorbent products and jumpsuit 

and re-mothered for four hours (Fig 8.3). The lambs were re-mothered in individual 

pens to ensure the correct lambs suckled their dam. At the conclusion of the four hour 

re-feeding treatment the lambs were weighed (to 3 d.p.) and the difference between 

before and after weights was considered to be total milk intake. 

 

  

Figure 8-2. Lamb with the nappy and 
jumpsuit used to provide estimates for 
milk intake. 

Figure 8-3. Weighing of lambs to 
estimate milk intake. 
 

 
8.2.7 Lamb data sampling  

All lambs were handled at birth for ear tagging, the recording of rectal temperature 

and the collection of a 5 mL blood sample by jugular venipuncture. The lambs were 

bled within 2 minutes of birth, after the ewe had been given the chance to smell and 

lick the newborn. Two hours post-partum a second blood sample was taken and 

another rectal temperature recorded. Blood was collected into a 10 mL vacutainer 

with lithium heparin which was labelled and immediately stored in ice. The stored 

blood samples were then centrifuged for 30 minutes at 3,000 rpm and the plasma 

decanted into 5 ml storage tubes, labelled and frozen. At the second blood collection 
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the lamb was tagged, weighed to 3 d.p. and sex was recorded along with a second 

rectal temperature. All lambs that died ante-partum and in the following five days 

were autopsied. The autopsy was undertaken following the procedures outlined by 

Holst (2004). Comparisons were made between necropsy-determined cause of death 

and the physiological-determined cause of death, as outlined by Eales et al. (1982) 

and also by Mellor (1988). 

 
The ewe and lambs were returned to pasture where they remained until weaning. 

During this time the ewes were grazing a mixed perennial pasture sward consisting of 

phalaris (Phalaris aquatica), cocksfoot (Dactylis glomerata), fescue (Festuca 

arundinacea), subterranean clovers (Trifolium subterraneum), Patterson’s Curse 

(Echium plantagineum) and Chickweed (Stellaria media). The pasture sward was 

visually estimated to have 1500-2000 kg DM/ha of green feed. 

 
8.2.8 Metabolic methods 

Assays were performed on all plasma samples available for each ewe and, when 

tested, her lambs, together. For example, a dam may have glucose processed for D84, 

D98, D125, D140, pre-partum, post-partum and weaning with the glucose samples of 

her twin lambs collected at partum and 2h post-partum and weaning. In essence, the 

family unit were processed together. This resulted in a high range within and between 

processing batches, which are reported with the assay description. The variation is due 

to the physiological changes in many metabolites that occur naturally during late 

pregnancy and at parturition. The assays were performed at the Animal Science and 

Physiology laboratories located at the University of New England, Armidale, N.S.W. 

 

Insulin concentrations were determined by radioimmunoassay (RIA) specific for 

insulin. Guinea pig antiserum (Sigma Aldrich Pty Limited) raised against bovine 

insulin was used as an antibody and bovine insulin (Sigma Aldrich Pty Limited, 

Castle Hill, NSW 1765, Australia) as standard. Insulin concentration of the plasma 

samples were calculated in µIU/ml using a linear equation derived from log/logit 

transformation of the RIA standard curve. Insulin data ranged from 0.001-98.8 

µIU/mL, with an overall average of 6.1 µIU/mL and an overall coefficient of 

variation (c.v.) of 1.22 (122%). Family unit c.v. ranged from 0.09-1.80. 
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Leptin was measured using the ELISA method described by Kauter et al. (2000). The 

assay sensitivity was 0.5 ng/ml with intra- and inter-assay variations of 4.5% and 

8.3%, respectively. Leptin data ranged from 0.1-23.8 ng/mL, with an overall average 

of 5.9 ng/mL and an overall coefficient of variation (c.v.) of 0.51 (51%). Family unit 

c.v. ranged from 0.01-0.89. 

 

Glucose lactate and β-hydroxybutyrate were analysed using a DADE clinical analyser 

(DADE-XL, Dupont, USA). The glucose method is an adaptation of the hexokinase-

glucose-6-phosphate dehydrogenase method and this method is more specific than 

general reducing sugar methods (Kunst et al. 1983). The lactate method uses a 

modification of that described by (Marbach and Weil 1967) which employs the 

oxidation of lactate to pyruvate. Beta-hydroxybutyrate was analysed using the method 

previously described (Galan 2001). Glucose data ranged from 0.2-15.4 mmol/L, with 

an overall average of 3.5 mmol/L and an overall coefficient of variation (c.v.) of 0.5 

(50%). Family unit c.v. ranged from 0.03-1.08. Lactate data ranged from 1.0-29.0 

mmol/L, with an overall average of 7.9 mmol/L and an overall coefficient of variation 

(c.v.) of 0.46 (46%). Family unit c.v. ranged from 0.03-0.84. 

 

NEFA was analysed using a kit from Wako (Wako Diagnostics, Richmond VA USA) 

which is an enzymatic method utilizing the acylation of coenzyme A (CoA) by the 

fatty acids in the presence of added acyl-CoA synthetase (ACS). The acyl-CoA thus 

produced is oxidized by added acyl-CoA oxidase (ACOD) with generation of 

hydrogen peroxide, in the presence of peroxidase (POD) permits the oxidative 

condensation of 3-methy-N-ethyl-N(β-hydroxyethyl)-aniline (MEFA) with 4-

aminoantipyrine to form a purple coloured adduct which can be measured 

colorimetrically at 550 nm. The standard curve ranged from 1.0 to 0.01 mmol/L with 

a sensitivity of 0.02mmol/L. NEFA data ranged from 0.05-3.1 mmol/L, with an 

overall average of 0.8 mmol/L and an overall coefficient of variation (c.v.) of 0.65 

(65%). Family unit c.v. ranged from 0.04-1.15. 

 

Including re-tests, 694 glucose, 238 lactate, 753 NEFA, 470 leptin, 227 insulin and 

211 BHB tests were undertaken. Where the clinical analyser failed to estimate the 

concentration of glucose, samples were retested (n = 57). Where a coefficient of 

variation between NEFA sample replicates exceeded 10% samples were retested (n = 
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42). For those NEFA samples with mean concentrations exceeding the standard curve, 

a 1/3 sample dilution was used to fit within the standard curve. A total of 146 samples 

were diluted and re-tested. 

 
8.2.9 Statistical methods 

 
The statistical design was a 2x2 randomised block, where the two CFW phenotypes 

were fed one of two levels of nutrition. To randomise the treatment groups, the ewes 

were sorted into blocks of four animals, according to their maternal liveweight and fat 

scores, within each high and low CFW phenotype. Body fatness was determined as 

the average fat score (White and Holst 2006) from the assessment of three trained fat 

score operators. The lightest and leanest pair of ewes for each CFW phenotype were 

assigned to the group 1. The second lightest and leanest were then assigned to group 

2. This process continued until all 72 ewes were assigned to 18 groups.  

 

Treatments were assigned as 1 (1.2xM), or 2 (0.9xM) within the high CFW 

phenotype. Within the low CFW ewes, treatment was allocated using the same 

method as for the high CFW ewes, where treatment number 3 was 1.2xM and 4 

0.9xM. All ewes were then randomly assigned to an animal house pen, according to 

block and treatment. Mean entry maternal liveweight and fat score are shown in Table 

8.4, for both CFW and nutrition. 

 

Table 8-4. Tabulation of the effects of the randomisation to nutrition on average 
maternal liveweight at entry (Av. LWT ± s.d.) and on average fat score (FS ± 
s.d.). 
 Nutrition 

0.9xM 

Nutrition 

1.2xM 

High CFW Low CFW 

 

LWT Ave. (kg) 62.3 ± 4.8 61.7 ± 4.9 62.6 ± 4.2 61.4 ± 5.4 

FS Ave. (1-5 score) 3.8 ± 0.3 3.7 ± 0.4 3.6 ± 0.4 3.8 ± 0.3 

 
 
8.2.10 Analytical models for the ewes 

Linear mixed models using restricted maximum likelihood (REML) were used to 

analyse these data using ASReml (Gilmour et al. 2006). The main effects were the 

treatments CFW, nutrition and the age of the ewe. The main random was the ewe and 

the allocation block. As each model was tested, terms were ranked in order of 
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significance. This ranking process continued until the final model had all terms in 

order of their significance. Non significant terms, apart from the main effects of CFW 

and nutrition, were sequentially dropped from the model. The following subsections 

describe the relevant models more specifically. 

 

Ewes – liveweight, maternal liveweight, muscle depth, fat depth and fat score 

Models included the main effects of CFW and nutrition (0.9xM or 1.2xM), the date of 

the measurement. Maternal weight was used as a covariate term for the muscle and fat 

traits. 

Ewes – feed intake 

During the final trimester of pregnancy, significant declines in feed intake were 

observed. The refusal to eat became serious, leading to the death or subsequent 

removal of 16 ewes from the experiment and the consequences on ewe and lamb 

mortality were analysed. A hierarchical term was used to describe the level of 

mortality as a factor in the model, where if the ewe survived and reared both lambs, 

the loss was nil, if the ewe weaned one lamb, the factor was 1, if the ewe reared no 

lambs, the factor was 2 and if the ewe died before weaning the factor was 3. In 

addition to CFW and nutrition, models included the hierarchical order of loss and day 

of gestation. 

 

Ewes – pregnancy 

Metabolites of the dams during pregnancy were analysed together but excluded the 

metabolites at parturition. Assays from plasma collected at the start and end of 

parturition were analysed together. To account for the effects of variable feed intake 

on the metabolites and metabolic hormones, a covariate for feed intake was included 

for those analyses instead of nutrition. The covariate term was a seven day mean feed 

intake (FIN7), calculated for each ewe, for the seven days prior to the date of 

venipuncture and calculated each time for each blood sampling. In separate models, a 

different covariate was included that was the mean feed intake was calculated for each 

ewe for the 25 days preceding each venipuncture (FIN25). This covariate was tested 

for all models to determine the medium term of feed intake patterns on the metabolic 

and hormone assays. 
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For analysis of assay data collected during pregnancy, the base model included the 

main effects of CFW, FIN7, day of gestation, age of the ewe, ewe live status 

(surviving or dead) and each combination of two-way interactions. A covariate for 

liveweight was not included in these analyses as the ewes were offered rations based 

on their individual predicted maintenance requirement. Random terms included the 

dam, and a term for the randomisation of the ewes to treatments by groups. 

 

Ewes – parturition 

For analysis of assay data collected during parturition, the base model included the 

main effects of CFW, FIN7, age of the ewe, status of the lamb (alive or dead) and 

combinations of two-way interactions. The randomisation process, blocking ewes into 

treatment groups was included as a random term. As with Everett-Hincks et al. 

(2007), parturition was considered to be initiated by the expulsion of the amniotic sac, 

or in the absence of the amniotic sac, the time of the first obvious contraction, until 

the expulsion of the lamb, the difference between times being parturition length, 

which was analysed in three parts. The first analysis (t1) considered the length of time 

to expel the first lamb. Parturition length for the second lamb (t2) was the time 

elapsing between the expulsion of the first lamb and the expulsion of the second lamb. 

These two times, t1 and t2, were analysed separately. The third approach (t3 = t1 + t2) 

was to analyse the total length of parturition. 

 

Ewes – weaning 

Glucose and NEFA were sampled from the dams at weaning and the models included 

CFW, nutrition (0.9xM vs 1.2xM), age of the ewe and the number of lambs reared. 

FIN7 was not used in the model because the long term effects of nutrition were 

considered to remain apparent at weaning, as opposed to the last seven days before 

birth. Maternal liveweight was included in the model as a covariate. 

Ewes – milk composition and intake 

Milk composition and milk intake were analysed with main effects of CFW, FIN25 

and age of the ewe. Birth weight was used as a covariate for analysis of intake. Lamb 

weight gain (11 days postpartum) had CFW, nutrition (0.9xM vs 1.2xM) and age of 

the ewe as main effects. The number of lambs, still alive (at foot) was also included as 

a main effect. Improvement of the residual distribution determined the use of nutrition 

or FIN25. To examine milk quality at 11 days postpartum, data were available for 29 
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ewes. The model for daily weight gain also included milk intake as a covariate, which 

led to the removal of birth weight from the model. Results are reported with least 

squares and standard error. 

 
8.2.11 Data manipulation 

Given each ewe was offered a ration as a proportion of her maintenance requirement, 

the values for feed intake were converted to the proportion of maintenance, i.e. where 

a ewe offered 120% of her maintenance requirement consumed all of the ration, the 

intake was scaled to a value of 1.2. Likewise, for ewes at the same ration but 

consuming only half of the feed on offer were consuming 0.6. Analysis of feed intake 

was performed on these intake values, and for analysis of the metabolic and hormone 

assays, the feed intake values were used as a covariate. Some feed refusal weights 

were heavier than allocated to the ewe. In these instances, 6 of 4370 records, the dams 

have refused their entire allocated ration. These 6 refusal weights were adjusted to 

equal 100% of the ration, rather than being >100% refused, and thus intake was 0.0. 

While scanned to rear twins in fact three ewes gave birth to singletons and were 

removed from all models. 

 

For analysis of feed intake, the date of lambing was adjusted for all ewes to D150. 

The range of gestation length was from D148 to D155, which complicated the 

relationship between feed intake and ewe and lamb survival. To account for the 

natural variation of intake, and declining numbers (all ewes were returned to pasture 

24 hours after lambing), the adjustment was made to D150 as being the date of 

lambing. This adjustment occurred only for analysis of feed intake on the hierarchical 

order of loss and was not used in any other analyses. 

 

For the analysis of glucose and insulin, two dams were identified as outliers (≥3 s.d. 

from the mean) at D140 and were removed from analysis. Two of these ewes 

subsequently died, probably from pregnancy toxaemia. To manage the welfare of 

these ewes, subcutaneous injections of Flopak Plus® (Bomac) 4 in 1 solution 

(containing 27.5 g/L calcium gluconate, 4.7 g/L magnesium hypophosphite, 12.2 g/L 

phosphorus as hypophosphaite and 182.0 g/L glucose) were given, which explains the 

elevation of glucose and insulin for those two samples. Four other dams were 
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considered as outliers for glucose, with levels at 4 standard deviations or more from 

the mean, and were removed from the analysis. 

 

For all analyses, ewes with missing values for covariates were removed. Analyses of 

BHB and glucose data logarithmic transformation required to ensure normal 

distribution. Insulin data were square root transformed to normalise the distribution. 

All results are presented are retransformed means (± s.e.). 

 

8.2.12 Analytical models for the lambs metabolites at birth, postpartum and at 

weaning 

The base model included fixed effects for CFW, sex, birth order, live or dead status 

and included covariates for birth weight and FIN7. The randomisation process 

blocking ewes into groups for treatment was included as a random term. For all 

analyses, lambs with missing values for covariates were removed. Analysis of insulin, 

glucose and NEFA data required logarithmic transformation to distribute the values 

normally. The results are presented as retransformed means (± s.e.). 

 

Lambs – birth weight 

In the analysis of birth weight, FIN25 was included in the model instead of nutrition. 

The inclusion of gestation length removed the significance of FIN25 (P = 0.21) on 

birth weight. Excluding gestation length, FIN25 increased birth weight (P = 0.053). 

The final model included both gestation length and FIN25. 

 

Lambs - mortality 

The probability of survival and the probability of requiring assistance were considered 

as traits of the lamb. Lamb death was converted to binary values, where death = 0 and 

lived lamb = 1. Lambs requiring assistance were also binary values (assistance = 0 

and no assistance = 1). The model for mortality included CFW and total parturition 

duration (t3). FIN7, FIN25, birth weight and gestation length were fitted as covariates. 

Terms for the dam and the dam’s randomisation group were fitted in the models for 

mortality and for assistance as random terms. Chi-square was used to test the 

proportions of lambs that died according to CFW, nutrition treatment, gender and the 

need for assistance being provided in labour. 
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8.3 Results 

 

Dams 

8.3.1 Maternal liveweight, body fatness and ultrasound scanned tissue depth  

Maternal liveweight increased as gestation advanced (P < 0.001). There was also a 

significant difference between nutrition treatments (P = 0.009) and a significant 

interaction between CFW and nutrition (P < 0.001). There were no differences 

between high and low CFW dams. Figure 8.4 shows the estimates of maternal weight 

throughout the trial, and the differences from D98. 
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Figure 8-4. Maternal liveweight (kg) throughout gestation for high (1.2xM) and 
low nutrition (0.9xM) ewes. 
 

Fat score was significantly reduced between D52 and D105 (P < 0.001). At D52 the 

mean fat score was 3.7 (± 0.1) and by D105 it was 3.2 (± 0.1). Neither CFW nor 

nutrition were significant, although high CFW dams tended to be fractionally leaner 

(3.46 ± 0.08 vs 3.55 ± 0.07, P = 0.5). Ultrasound scanned fat depth also declined 

between D52 and D105 (P = 0.015), with high nutrition ewes tending to be fatter 

(4.59 ± 0.24 mm) than low nutrition (4.12 ± 0.25 mm, P = 0.13). There were no 

differences between the two CFW groups. Muscle depth was reduced between D52 

and D105 (P < 0.001), where at D52 muscle depths were 29.0 mm (± 0.3) compared 

with 26.8 mm (± 0.3) at D105. High CFW ewes had lower (P = 0.037) overall muscle 

depths (27.3 mm ± 0.4) compared to low CFW dams (28.5 mm ± 0.4). The high CFW 

ewes had less muscle depth without adjustment for maternal liveweight and the 
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inclusion of the covariate did not change the significance nor the direction of the 

relationship. 

 

8.3.2 Feed intake 

Feed intake was significantly different between the high and low nutrition treatments 

(P < 0.001) to around D130, but not after (Fig 8.5). High nutrition dams had an 

overall mean intake of 1.04xM ± 0.01, compared to dams offered low nutrition 

(0.82xM ± 0.01). No intake differences were observed between high and low CFW 

dams (0.93 ± 0.01 vs 0.92 ± 0.01, P = 0.52). During the final 25 days of the trial, 

mean feed intake declined substantially (P < 0.001) for all treatments. Figure 8.5 

shows that the decline of feed intake was a substantial departure from maintenance by 

the date of lambing, for both high and low nutrition treatments (P < 0.001). 
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Figure 8-5. Mean feed intake, relative to maintenance requirement, for all ewes 
from day 75 to day 151 of gestation offered high (1.2xM) and low nutrition 
(0.9xM). 
 

Feed intake was, overall, lower for those ewes that died, or lost both lambs (P < 

0.001), due to the decline in intake occurring from D125. Figure 8.6 shows the 

hierarchical order of loss had a significant effect on feed intake (P < 0.001). At D142, 

significant differences occurred between all four categories of loss, where ewes that 

were consuming 87% of their maintenance requirement (0.87xM ± 0.03) were more 

likely to wean both lambs. Ewes losing one lamb consumed 0.76xM ± 0.05 and ewes 
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losing both lambs consumed 0.49xM ± 0.06. Dams that failed to survive to lambing 

consumed 0.13xM ± 0.06. 
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Figure 8-6. Feed intake (M) and the day of gestation for the hierarchical order of 
loss for lambs or ewes. 
 

8.3.3 Metabolites - pregnancy 

Overall, high CFW ewes had significantly (P = 0.005; Table 8.5) elevated levels of 

insulin compared to low CFW ewes. FIN7 had no impact on insulin (Table 8.6). High 

CFW dams tended to have elevated insulin at D84, which is likely to account largely 

for the differences observed between the fleece weight lines (P = 0.11; Table 8.7). An 

interaction (P = 0.031) also occurred between CFW and the live status of the dam, 

such that low CFW dams that subsequently died had higher insulin (0.35 ± 0.12) 

compared to low CFW dams that remained alive (0.08 ± 0.04). High CFW ewes of 

each status (alive 0.39 ± 0.09 vs dead 0.28 ± 0.15) had similar levels to the low CFW 

ewes that died. 
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Table 8-5. Summary of means (± s.e.) for main effects of CFW and gestation on 
metabolic indicators in dams during pregnancy. 
 CFW Gestation 

Assay High Low 84 98 125 140 

Insulin 0.33a ± 

0.09 

0.19b ± 

0.06 

0.22 ± 0.06   0.29 ± 0.07 

Glucos

e 

2.49 ± 0.08 2.62 ± 

0.08 

2.67b ± 
0.07 

2.49a ± 
0.07 

2.36a ± 
0.07 

2.71b ± 0.07 

Leptin 7.6 ± 0.8 8.8 ± 0.7 8.7a ± 0.6  8.6a ± 0.6 7.3b ± 0.7 

NEFA 0.52 ± 0.03 0.57 ± 
0.03 

0.50ab ± 
0.03 

0.47a ± 
0.03 

0.67c ± 
0.03 

0.54b ± 0.04 

BHB 0.33 ± 0.03 0.33 ± 
0.03 

0.19a ± 
0.02 

 0.39b ± 
0.03 

0.50c ± 0.05 

abdifferent letters indicate significant differences within rows (P < 0.05). 

 

The day of gestation had a large significant effect (P < 0.001) on glucose 

concentration and the levels declined from D84 to D98 and further to D125, but rose 

to be equivalent to the baseline concentrations by D140. FIN7 was significant, 

increasing FIN7 was associated with increases in plasma glucose (P = 0.037; Table 

8.6). Despite the higher insulin concentrations, glucose was not significantly lower in 

high CFW ewes compared to low CFW (P = 0.15; Table 8.5). Table 8.7 shows the 

interactions between CFW and day of gestation (P = 0.008). High CFW ewes had 

lower concentrations of glucose than low CFW ewes at D140, and the levels at D140 

in low CFW dams were higher than at all other time points. 

 

Table 8-6. Effect of feed intake seven days pre-partum (FIN7) on mean values 
during pregnancy, and including the level of significance for insulin (µIU/mL), 
glucose (mmol/L), leptin (ng/mL), NEFA (mmol/L) and BHB (mmol/L). 
 FIN7 (M)  
Assay 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 P value 
Insulin 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.568 
Glucose 2.35 2.39 2.43 2.47 2.51 2.55 2.60 2.64 0.037 
Leptin 7.11 7.33 7.54 7.76 7.97 8.19 8.40 8.62 0.220 
NEFA 0.95 0.87 0.80 0.72 0.64 0.56 0.49 0.41 < 0.001 
BHB 0.55 0.50 0.45 0.41 0.37 0.33 0.30 0.27 0.002 
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Table 8-7. Insulin (µIU/mL) and glucose (mmol/L) concentrations and the day of 
gestation for CFW groups. 
 Insulin Glucose 
 High CFW Low CFW High CFW Low CFW 

84 0.33x ± 0.1 0.14y ± 0.05 2.7cd ± 0.1 2.6bc ± 0.1 
98   2.5ab ± 0.1 2.5abc ± 0.1 
125   2.3a ± 0.1 2.5ab ± 0.1 
140 0.33x ± 0.1 0.26xy ± 0.08 2.5abc ± 0.1 2.9d ± 0.1 

xy superscripts that are different denote significant differences within and between 

columns for insulin. 
abc superscripts that are different denote significant differences within and between 

columns for glucose. 

 

Leptin was significantly affected by day of gestation (P = 0.049; Table 8.5), when 

compared to D86 and D125, the concentration was lower at D140. High CFW dams 

had lower, but not significantly different (P = 0.25; Table 8.5) mean leptin 

concentrations than low CFW ewes. At D84 and D125 leptin showed a positive, but 

not significant relationship, with ultrasound scanned fat depth (P = 0.17). 

 

At D125 of gestation NEFA was significantly higher (P < 0.001) than all other sample 

dates. NEFA concentrations declined as FIN7 increased (P < 0.001; Table 8.6). High 

CFW ewes were not different to low CFW dams (P = 0.16). 

 

BHB significantly increased as gestation progressed (P < 0.001; Table 8.6) and there 

was a significant interaction between CFW group and FIN7 (P = 0.016). At low levels 

of intake, high CFW dams had markedly higher levels indicative of sub-clinical 

ketosis (Fig. 8.7). 
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Figure 8-7. Concentrations of beta-hydroxy butyrate (BHB) in high and low 
CFW ewes across the range of feed intake consumed 7 days before sampling. 
 

An interaction between the day of gestation and FIN7 was also apparent for BHB (P = 

0.025; Fig 8.8). At D84, the concentration of plasma BHB did not vary with 

decreasing FIN7 but was significantly different from the concentrations at D125 and 

D140. As early as D125, dams with FIN7 levels of 0.4xM could be clinically 

diagnosed with ketosis, and with a mean feed intake of 0.5xM and 0.6xM the dams 

could be considered sub-clinical. The levels decreased at D140, which may explain 

the subsequent death or removal of these animals from the experiment. 
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Figure 8-8. Concentrations of beta-hydroxy butyrate (BHB) at different days of 
gestation, over the range in feed intake (FIN7) recorded seven days before blood 
sampling. 
 

8.3.4 Metabolites – parturition 

Compared to the levels observed during pregnancy, the levels of insulin at the start of 

parturition were much lower. Insulin was higher in the high CFW dams (P = 0.025; 

Table 8.8) compared to low CFW. The number of lambs reared and FIN7 had no 

effect on insulin. 

 

Table 8-8. Summary effects of CFW and significance in dams of gestation length 
(D), insulin (µIU/mL), glucose (mmol/L), leptin (ng/mL), NEFA (mmol/L), BHB 
(mmol/L) and rectal temperature (ºC), collected at the time of birth. 

Trait High CFW Low CFW P value 
Gestation length 151.5 ± 0.3 150.5 ± 0.4 0.038 

Insulin 0.08 ± 0.03 0.01 ± 0.01 0.025 
Glucose 6.0 ± 0.6 6.2 ± 0.8 n.s. 

Leptin 5.7 ± 0.5 6.6 ± 0.6 n.s. 
NEFA 1.54 ± 0.13 1.29 ± 0.13 0.137 
BHB 1.5 ± 0.2 1.7 ± 0.3 n.s. 

Temperature 39.4 ± 0.1 39.3 ± 0.1 n.s. 
 

Plasma glucose increased between the start and end of the parturition (P < 0.001). At 

the first signs of parturition mean glucose was 5.0 ± 0.5 mmol/L, this increased to 7.5 

± 0.7 mmol/L after the birth of the second lamb. Glucose increased marginally with 

increases with FIN7 (P = 0.113; Table 8.9), where a 0.1xM increase led to a 0.1 
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mmol/L increase in glucose but no differences were observed between the CFW lines 

(P > 0.8). 

 

No significant effects were observed to explain the variation in leptin and although 

mean leptin tended to increase from the start (5.9 ± 0.4 ng/mL) of parturition to its 

completion (6.4 ± 0.4 ng/mL), the difference was not significant (P = 0.12). 

 

NEFA level was elevated at the first signs of lambing (1.48 ± 0.11), and tended to 

decline to 1.33 ± 0.10 mmol/L by the completion of parturition (P = 0.059). The 

number of lambs surviving to weaning tended to affect NEFA (P = 0.057). Dams that 

reared both lambs tended to have the highest concentration (1.72 ± 0.13), compared to 

dams rearing a single lamb (1.15 ± 0.19) and dams rearing no lambs (1.40 ± 0.15). 

Table 8 shows that high CFW tended to have higher levels than the low CFW ewes (P 

= 0.137). Concentrations of NEFA declined significantly with increasing FIN7 (P < 

0.001; Table 8.9), which is consistent with the trend observed pre-partum. 

 

Beta-hydroxy butyrate (BHB) sampled at the start of parturition was significantly 

influenced by FIN7 (P = 0.004; Table 8.9), where increasing intake led to decreases in 

BHB (Table 8.6). The level of BHB did not change due to the number of lambs 

ultimately reared, nor according to the effects of CFW (Table 8.8). It is important to 

note that the mean values for both high and low CFW groups at parturition were at a 

concentration sufficient to diagnose ketosis. 

 

8.3.5 Gestation length, parturition duration, rectal temperature, milk quality, milk 

intake, lamb weight gain and weight of the dam at weaning 

Average gestation length was 150.9 days (± 1.9 s.d.), ranging between 148 to 154 

days. Increasing FIN7 was related to a longer gestation length (P = 0.004), where a 

0.3xM increase in feed intake increased gestation by 1.15 days (Table 9). High CFW 

dams also had a longer gestation (P = 0.038; Table 8) of 151.5 days compared to low 

CFW dams (150.5). 

 

Analysis of variation in parturition duration showed that ewes requiring assistance to 

deliver their first lambs tended to have a longer birth time (73.3 ± 21.8 min) compared 

to those unassisted (39.6 ± 11.0 min), but this was not significantly different (P = 
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0.17). CFW group, FIN7 and the number of lambs reared had no effect on birth time. 

Dams with higher FIN7 tended (P = 0.096) to shorter parturition duration for the 

second lamb but CFW group, number of lambs reared and dams requiring assistance 

were not significant. 

 

Table 8-9. Gestation length (GL) and metabolic changes in the dams associated 
with feed intake for the 7-days pre-parturition. 

  FIN7 (M)   
Trait  0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 P value 

GL 149.6 149.9 150.3 150.6 151.0 151.3 151.7 152.0 0.004 
Glucose 5.0 5.2 5.5 5.8 6.1 6.4 6.7 7.1 0.113 

BHB 3.4 2.8 2.4 2.0 1.7 1.4 1.2 1.0 0.004 
NEFA 2.5 2.2 2.0 1.8 1.6 1.4 1.3 1.1 < 0.001 

 

The total time for the ewe to complete the whole parturition was not significantly 

affected by any of the factors. Overall, in each model the relationship with FIN7 was 

negative, where increasing levels of feed intake coincided with shorter time periods. 

High CFW dams tended to have longer total parturition (92 ± 19 min) compared to 

low CFW (74 ± 18min), but this was not significant (P = 0.4). Ewes that subsequently 

lost both lambs had the same mean total parturition length as dams that reared both 

lambs (82.7 vs 83.3 min). 

 

The rectal temperature of the dams significantly (P < 0.001) increased from the start 

to the conclusion of parturition increasing from a mean of 39.1 ± 0.1ºC to 39.5 ± 

0.1ºC by the time the second lamb was born. FIN7 and CFW group had no significant 

effect (Table 8.8). 

 

Milk composition at 11 days post-partum was not affected by the main effects or their 

interactions. Table 8.10 shows the mean values for fat, lactose and protein.  
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Table 8-10. Mean values (± s.e.) for milk quality collected 11 days post-partum 
for high and low CFW dams rearing lambs. 

Trait  High CFW Low CFW P value 
Lactose (%) 5.5 ± 0.13 5.4 ± 0.15 n.s. 

Fat (%) 5.5 ± 0.4 4.8 ± 0.4 n.s. 
Protein (%) 4.9 ± 0.08 4.8 ± 0.10 n.s. 

 

Lambs 

8.3.6 Lamb assays at birth and postpartum 

Lambs from high CFW dams had higher insulin levels than lambs from low CFW 

dams (P = 0.05; Table 8.11). As FIN7 increased, insulin tended to decline (P = 0.11; 

Table 8.11) while the interaction of CFW group and FIN7 was significant (P = 0.011, 

Fig. 8.9), the high CFW lambs had elevated insulin levels at low ewe intakes. 

 

Table 8-11. Main effects of CFW and significance on birth weight (kg), glucose 
(mg/dL), insulin (µIU/mL), lactate (mmol/L), NEFA (mmol/L) and rectal 
temperature (ºC) collected at birth (partum) and 2 h postpartum (2 h p.p.) in 
neonatal lambs. 

Trait  High CFW Low CFW P value 
Birth weight 4.31 ± 0.09 4.44 ± 0.11 0.174 

    
Partum glucose 2.05 ± 0.21 2.26 ± 0.27 n.s. 
2 h p.p. glucose 1.89 ± 0.25 2.49 ± 0.38 0.064 

    
2 h p.p. insulin 16.2 ± 2.02 12.7 ± 1.79 0.05 

    
Partum lactate 10.4 ± 0.71 10.8 ± 0.89 n.s. 
2 h p.p. lactate 5.27 ± 0.49 6.11 ± 0.63 0.14 

    
Partum leptin 3.21 ± 0.30 2.62 ± 0.35 n.s. 
2 h p.p. leptin 2.97 ± 0.28 2.58 ± 0.34 n.s. 

    
Partum NEFA 0.28 ± 0.03 0.39 ± 0.05 0.033 
2 h p.p. NEFA 1.26 ± 0.06 1.08 ± 0.07 0.014 

    
Birth temp. 39.5 ± 0.10 39.6 ± 0.13 n.s. 

2 h p.p. temp. 38.6 ± 0.18 38.5 ± 0.23 n.s. 
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Figure 8-9. Mean plasma insulin concentrations collected from the lamb 2 h 
postpartum (2 h p.p) and mean feed intake of the dam for the seven days pre-
partum (FIN7). 
 

At birth, glucose tended to be higher in heavier lambs (P = 0.073; Table 8.13) but 

neither CFW (P = 0.45) nor the FIN7 (P = 0.89) were significant. Lambs from high 

CFW dams had lower glucose (2.05 ± 0.21 mmol/L) than those from low CFW dams 

(2.26 ± 0.27). 

 

Table 8-12. Effect of feed intake seven days pre-partum (FIN7) on mean values 
and significance for glucose (mmol/L), insulin (µIU/mL), lactate (mmol/L), 
NEFA (mmol/L) and rectal temperature (ºC) collected at birth (partum) and 2 h 
post-partum (2 h p.p.). 
 FIN7 (M)   
Trait 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 P value 
2 h p.p. insulin 19.0 17.7 16.5 15.4 14.4 13.4 12.5 11.7 0.114 
2 h p.p. glucose 1.22 1.40 1.62 1.87 2.16 2.49 2.87 3.31 0.002 
Partum lactate 8.2 8.8 9.4 10.0 10.6 11.2 11.8 12.4 0.014 
2 h p.p. temp. 38.9 38.8 38.7 38.6 38.5 38.4 38.3 38.2 0.123 
 

 

In contrast to the birth plasma results, glucose collected 2 h postpartum was 

significantly affected by FIN7 (P < 0.001; Table 8.12). Lambs whose dams had 

greater FIN7 had increased glucose concentrations. Birth weight (P = 0.002) was 

positively associated with glucose at 2 h postpartum (Table 8.13) and there tended to 

be differences between CFW groups (P = 0.064; Table 8.11). Lambs that 
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subsequently died tended to have lower glucose (1.92 ± 0.35) compared to lambs that 

survived (2.46 ± 0.29), but the relationship was not significant (P = 0.185). 

 

Table 8-13. Effect of birth weight (kg) on glucose (mmol/L) at parturition and 
two hours postpartum (2 h p.p.). 
  Birth weight (kg)   
Trait 3.1 3.5 3.9 4.3 4.7 5.1 5.5 P value 
Partum glucose 1.69 1.83 1.98 2.15 2.33 2.53 2.74 0.073 
2 h p.p. glucose 1.34 1.58 1.85 2.17 2.55 2.99 3.51 0.002 
 

 

At birth, lambs from ewes with higher FIN7 had higher lactate levels (P = 0.014), 

while there were no significant differences between CFW groups. The mean lactate 

levels at birth in lambs that subsequently died tended to be higher than lambs that 

survived (11.7 ± 1.1 vs 9.6 ± 0.5, P = 0.11). 

 

After two hours, lactate was significantly elevated in lambs that subsequently died 

(6.98 vs 4.61 mmol/L, P = 0.001), and remained higher in second born lambs (6.04 vs 

5.33 mmol/L, P = 0.013). 

 

Leptin was not significantly affected by the main effects nor any interactions when 

sampled at birth (P = 0.64), or at 2 h postpartum (P = 0.36). 

 

At birth, high CFW lambs had lower NEFA than low CFW lambs (0.28 vs 0.39, P = 

0.033), but 2 h postpartum the high CFW lambs had higher levels (1.26 vs 1.08, P = 

0.014) than low CFW lambs. Maternal FIN7 did not significantly influence lamb 

NEFA at either of the sampling times. 

 

8.3.7 Birth weight, rectal temperature, mortality, wean weight and weaning 

metabolites 

Increased length of gestation was associated with 94 g per day increases in birth 

weight (P = 0.016). Ram lambs tended to be heavier (4.45 vs 4.25 kg, P = 0.11) than 

ewe lambs, but lambs from high CFW dams were not different to those from low 

CFW dams (4.31 vs 4.44 kg, P = 0.17). Birth weight tended to increase (P = 0.08) 

with increasing FIN7 and also with FIN25, but the latter was not significant (P = 0.3). 
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At birth, first born lambs had lower rectal temperatures than second born lambs (39.4 

vs 39.7 ºC, P = 0.025). Ram lambs tended to have lower temperatures than ewe lambs 

at birth (39.4 vs 39.7 ºC, P = 0.08). CFW, FIN7 and birth weight had no significant 

effect on birth temperature. At 2 h postpartum, rectal temperature in lambs that 

subsequently died were significantly lower than lambs that survived (38.1 vs 38.9, P = 

0.014). Temperature also tended to decrease as birth weight (P = 0.054) and gestation 

length (P = 0.056) increased. For lambs that died, temperature tended to be lower as 

gestation length increased (P = 0.08). CFW and FIN7 were not significant. 

 

Overall mortality of lambs to 72 h postpartum was 25% for the trial. In this study, 

28% lamb mortality was observed in the high CFW dams (13/46) compared to 22% in 

the low CFW dams (7/32). However, the chi-distribution of lambs that died showed 

CFW, nutrition treatment (0.9xM vs 1.2xM) and the need for assistance in delivery of 

the lamb had no significant effect on mortality (P = 0.8, 0.9 and 0.4, respectively). A 

trend was evident for gender, where males in this instance were less likely to die (10% 

vs 27%, P = 0.09). Birth weight was not significantly associated with mortality (P = 

0.6), but with decreased FIN7 (P = 0.021; Fig 8.10) and a longer total parturition 

length (P = 0.036; Fig 8.11). 
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Figure 8-10. The probability (%) of lambs dying decreased when maternal feed 
intake, 7-days pre-partum (M) increased. 
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Figure 8-11. The probability (%) of lambs dying increased for longer total 
parturition duration (min). 
 

8.3.8 Causes of mortality 

Six per cent of lambs died from typical dystocia (Dystocia 1, with low lesion scores 

and the presence of oedema), 71% died from birth injury (likely hypoxia as 

determined by high lesion scores of the meninges and central nervous system) and the 

remaining 24% died from starvation (low lesion scores and no milk in stomach). Of 

the 20 lambs autopsied, 15 lambs provided sufficient initial rectal temperature, plasma 

and autopsy data to correlate autopsy and physiological parameters and all but one of 

these lambs had a lesion score of ≥ 3 in either the cranial or CNS assessment. Too few 

lambs provided data for analysis of cause of death. There were no relationship 

between cranial scores and CFW (P = 0.66), FIN7 (P = 0.21), lamb sex (P = 0.25), or 

the provision of assistance (P = 0.21). Likewise, CNS scores also had no relationships 

with CFW (P = 0.98), FIN7 (P = 0.94), lamb sex (P = 0.73), or assistance (P = 0.74). 

Of the 15 lambs, five could not be assigned to a cause of death using Eales et al. 

(1982) parameters; four had contrasting diagnoses when using the methods of Holst 

(2004) and Eales et al. (1982); and the remaining six lambs were shown to be hypoxic 

(Table 8.14). The methods described by Barlow et al. (1987) were able to classify 

seven of the 15 lambs to a cause of death, using rectal temperature, lactate and birth 

weight. Of those seven, one was in agreement with Holst (2004), one other lamb had 

characteristics in agreement with Eales et al. (2004), yet no lambs were commonly 

classified into a common cause of death. Five of the seven lambs were diagnosed 
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according to Barlow et al. (1987) whose cause of death did not agree with either Holst 

(2004) or Eales et al. (1982). 

 

Table 8-14. Cause of death, determined by Holst (2004) autopsy procedures, 
Barlow et al. (1987) and Eales et al. (1982) metabolic and temperature 
relationships. 

Death category Holst Barlow Eales 
Dystocia 1 0 0 
Hypoxia 11 1 8 

Starvation 3 5 0 
Exposure 0 1 2 

Other/undiagnosed 0 8 5 
 

 

8.3.9 Variation in milk intake 

Lambs with heavier birth weight drank more milk (P = 0.028) (Table 8.15). High 

CFW lambs tended (P = 0.11) to consume more milk (299 ± 21 g/d) than low CFW 

lambs (274 ± 22 g/d). The number of lambs at foot was not significant (P = 0.4) A 

significant interaction was apparent with increasing birth weight and milk intake, 

where increasing birth weight of low CFW lambs (P = 0.007; Table 8.15) increased 

milk intake, while high CFW lambs did not increase milk intake as their birth weight 

increased. Lamb daily weight gain to 11 days of age was significantly (P = 0.006) 

associated with milk intake, and lambs with a 100 g increase in milk intake during the 

four hour re-feed period grew 39 g more each day but the effects of CFW and 

maternal nutrition (0.9xm vs 1.2xM) were not significant. 

 

Table 8-15. Level of significance and variation in milk intake of lambs associated 
with birth weight (kg). 
  Birth weight (kg)   

Trait  3.5 3.9 4.3 4.7 5.1 P value 
High CFW 312 306 301 295 290 0.007 

Low CFW 159 209 259 308 358  

Mean intake 261 274 287 299 312 0.028 

 

 
8.3.10 Weight and metabolites of dams and lambs at weaning 

The nutrition post-lambing was ad libitum and dams that reared two lambs were 

lighter (P < 0.001) at weaning (54.7 ± 0.95 kg) than dams rearing one lamb or no 
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lambs (61.7 ± 1.6 vs 61.0 ± 1.58 kg). There were no effects of CFW or nutrition on 

weight on weaning glucose or NEFA. When the fleece-free weight of the dam at 

weaning was included as a covariate there were no effects on glucose and by contrast, 

including liveweight of the dam in the model, glucose tended (P = 0.09) to increase 

with liveweight. Although not significant, high CFW ewes tended to have lower 

glucose concentrations (3.3 ± 0.3 mmol/L) compared to low CFW dams (3.8 ± 0.4 

mmol/L). Weaning NEFA concentrations for high CFW dams were 0.57 ± 0.05 

mmol/L compared to low CFW dams at 0.60 ± 0.06 mmol/L. 

 

The weaning weight of lambs was not affected by the main treatment effects of 

nutrition (P 0.6) or CFW group (P = 0.91) or birthweight (P = 0.137). The amount of 

milk consumed at 11 days postpartum had a highly significant relationship with 

weaning weight (P < 0.001) with a 50 g increase in milk intake being associated with 

a 0.7 kg heavier weight at weaning. At weaning, glucose and NEFA levels were not 

affected by nutrition or FIN25. Compared to lambs from low CFW dams, mean 

glucose for lambs from high CFW dams were 4.89 ± 0.13 vs 5.14 ± 0.16 mmol/L (P = 

0.23) and mean NEFA concentrations were 0.59 ± 0.05 mmol/L and 0.50 ± 0.04 (P = 

0.15) respectively. 
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8.4 Discussion 

 

8.4.1 Liveweight, muscle and fat depth and feed intake 

The only significant difference between high and low CFW dams occurred with 

muscle depth. There was no difference in liveweight, fat depth and fat score between 

D52 and D105. In agreement with the earlier field study, Refshauge et al. (2010), fat 

score and ultrasound fat and muscle depths declined during pregnancy. In that study, 

high CFW ewes had less fat depth, less muscle depth and lower fat score, with the 

largest effects being in twin bearing ewes. The marked feed intake reductions 

observed from D125 were a major welfare consideration and as a result fat score and 

ultrasound depths were not assessed in late pregnancy. However, it is reasonable to 

expect similar trends for reductions in fatness and muscle depth because in twin 

bearing ewes, Refshauge et al. (2010) observed significant differences occurred 

between the fleece weight groups for fatness at D140 of pregnancy. 

 

An overall 22% difference in mean feed intake was observed between the high and 

low nutrition groups. The nutritional quality of the pellets plus the lupins was high, 

but in contrast to Adams et al. (2006), differences in feed intake were not apparent 

between the CFW groups. Approximately 90% of foetal growth occurs during the last 

third of pregnancy, while the majority of placental growth occurs in the first two-

thirds of pregnancy (Redmer et al. 2004). It follows that for dams with reduced feed 

intake, during the final 25 days pre-partum, reductions in lamb survival would be 

expected, through effects on neonatal maturity, birth weight, parturition length and 

milk production. However, the reductions in feed intake over the 25 days pre-partum 

did not affect birth weight. In the present study, birth weight was more strongly 

influenced by maternal feed intake over a shorter period of time pre-partum. 

 

8.4.2 Hormones and metabolites during pregnancy 

The significant elevation of insulin among the high CFW dams was in direct contrast 

to the findings of Adams et al. (2006; 2007), although higher insulin levels in high 

CFW dry ewes has been observed without effects on glucose (Adams et al. 2004). 

Oddy and Lindsay (1986) also presented data showing insulin should be expected to 

increase with higher rates of wool growth rate. Merinos selected for lower staple 

strength were shown to have higher basal insulin and glucose concentrations 
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(Thompson et al. 2004). In association with elevated insulin are lower glucose 

concentrations, which occurred only at D140, when high CFW dams had lower 

glucose levels. Insulin was elevated in high CFW dams at D84, after which time 

(D105) the high CFW dams had lower muscle depths. Elevated insulin should 

increase muscle and fat depth (Bell and Bauman 1997), and this was not the case in 

these animals, suggesting phenotypic selection for wool growth and the demands of 

pregnancy direct protein and energy away from muscle and fatty tissue. 

 

In this study as insulin and glucose concentrations increased with increasing feed 

intake, Lents et al. (2005) previously concluded plasma insulin may indicate 

metabolic status rather than the quantity of body fat, when concentrations of insulin 

and glucose in cattle decreased with restricted nutrient intake. Although insulin does 

not cause the increased feed intake (Deetz and Wangsness 1980; Muller and 

Colenbrander 1970; Whitley et al. 2000), it causes liver, muscle and fat cells to take 

up glucose from the blood and high insulin concentrations inhibit fat metabolism, 

enabling lipogenesis and reducing gluconeogenesis. Without an increase in feed 

intake, the reason for elevated insulin levels in the high CFW dams is not clear, but 

may indicate a metabolic need to minimise fat and muscle tissue depletion during 

mid-pregnancy. Insulin may be acting to slow the rate of muscle and fat depth 

depletion or these tissues are less sensitive to insulin action during pregnancy. The 

relationships between insulin, glucose and lactate are such that as insulin increases, 

glucose and lactate are expected to decrease, while plasma NEFA may increase 

(Bassett and Hanson 2000). NEFA becomes an important energy source for the ewe 

because the energy derived from fat metabolism helps to maintain glucose synthesis, 

especially in underfed ewes. This was observed in this study as feed intake decreased. 

NEFA was not lower in the high CFW group, which is to be expected given feed 

intake was not different. However, when insulin was higher the reason for the 

reduction in NEFA is not clear. It is possible that some level of resistance may have 

been acting to slow lipolysis. The maintenance of glucose synthesis leads to greater 

mobilisation of amino acids from the maternal skin and muscle (Bell and Ehrhardt 

2000). Caldeira et al. (2007) showed that fat ewes offered 0.3xM, retained elevated 

insulin, resulting in a degree of insulin resistance, while fat ewes offered ad libitum 

feed had lower insulin. Low CFW dams can be expected to be marginally fatter sheep 

when bearing twin lambs, in this study they had lower insulin, which is consistent 
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with the observation of Caldiera et al. (2007). These two relationships may reflect the 

outcome of CFW selection, where the high CFW dams may have elevated insulin 

enabling advantages to be taken of good nutrition while also showing some resistance 

to the effects of insulin around the end of the second trimester of gestation, without 

increases in muscle and fat depth, nor decreases in NEFA and glucose. Oddy (1993) 

found skeletal muscle in Merinos selected for high weaning weight to have lowered 

rates of protein degradation after insulin infusion and Li et al. (2006a; 2008) reported 

lowered rates of protein degradation in high CFW. It may be that selection for high 

CFW, in some lines of Merino sheep has resulted in an altered sensitivity to insulin, 

and that sensitivity is enacted during mid-late pregnancy. 

 

Masters et al. (1996) reported pregnant ewes at D121 of gestation showed a degree of 

insulin resistance, becoming more pronounced as pregnancy developed and during 

lactation. Insulin resistance is known to develop in adipose tissue and muscle during 

late pregnancy and persists postpartum (Bell 1995). Insulin resistance during late 

pregnancy (Petterson et al. 1993; 1994) manifests itself as diminished sensitivity to 

insulin and decreased insulin responsiveness of lipolysis and NEFA mobilisation. 

Thus, in sheep, fat mobilisation during late pregnancy is facilitated by the decreased 

ability of insulin to promote lipogenesis and oppose lipolysis. Early lactation is 

characterised by a moderate degree of insulin resistance in adipose tissue and muscle, 

thereby promoting the mobilisation of NEFA and amino acids and sparing glucose. 

These phenomena may be most exaggerated immediately after parturition (Petterson 

et al. 1993; 1994), which was observed in this study by a two to three fold increase in 

NEFA between D140 of pregnancy and the levels observed at the time of birth, and a 

corresponding four-fold reduction of insulin in high CFW ewes. The reduction of 

insulin in low CFW ewes was more dramatic, reducing from 0.28 to 0.01 µIU/mL. 

 

The increases in glucose at D140 of the present study are as expected, where 

lactogenesis becomes the dominant demand on maternal glucose. The highest glucose 

levels were observed in low CFW dams at this time, suggest benefits for parturition 

and milk production. El-Sherif and Assad (2001) showed blood glucose increased to 

reach its maximum at parturition. At least 65% of glucose is consumed by the uterus 

(Bell 1993) and in late-pregnancy, utilisation of glucose and acetate by peripheral 

tissues is reduced and implies an increase in utilisation of other substrates, such as 



Chapter 8 Metabolic study of twin bearing ewes  147 

 

NEFA. Because NEFA uptake is negligible in the uterus, even in fasted, late-pregnant 

ewes with elevated NEFA (Pethick et al. 1983), it therefore contributes to maternal 

energy balance. Concentrations of NEFA elevated significantly at birth but the levels 

were not different between the CFW groups. As pregnancy developed, the changes 

observed in this study for glucose and NEFA were similar to those observed by 

Thompson et al. (2004). 

 

The leptin concentrations observed in this trial were similar to those reported by 

Kauter et al. (2000). Leptin may also act as a proxy indicator for fatness (Chilliard et 

al. 2005; Ehrhardt et al. 2002) and although no significant differences occurred 

between the groups, the high CFW had consistently lower mean values, supporting 

the view that they are marginally leaner as twin-bearing dams (Refshauge et al. 2010). 

While plasma leptin has correlated highly with the ratio of back-fat thickness to live 

weight, only 30% of the variation in leptin is explained by back fat thickness 

(Chilliard et al. 2005), indicating that other factors exert effects on leptin (Blache et 

al. 2000). 

 

As feed intake declined, BHB increased in concentration, as expected (O'Doherty and 

Crosby 1998). High CFW dams with low levels of intake showed BHB elevated to 

levels sufficient to be diagnosed as subclinical ketosis, and at levels which could be 

expected to impact on lambing performance (Russel 1984). This interaction suggests 

twin-bearing high CFW dams are more likely to succumb to the metabolic disorder at 

very low levels of feed intake. The interaction raises questions about the fitness of 

high CFW dams as twin-bearing breeding animals under conditions of severe 

nutritional deprivation, especially given glucose concentrations in these ewes are 

lower. This observation has not been made previously. What isn’t clear is whether the 

elevation of BHB was a precursor to intake reductions or vice versa. However, as 

there were no intake differences between the CFW groups, it is less likely to be due to 

BHB elevations reducing intake. Hyperketonemia can impair glucose production, 

irrespective of reproductive status (Schlumbohm and Harmeyer 2004). Other than 

undernutrition, West (1996) considered body condition of the ewe and hepatic 

gluconeogenesis may be contributing factors to ketosis, implicating the negative 

impact of selection for high CFW ewes. The levels of BHB were highest at D125, 
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suggesting that ketosis may commence in some sheep as early as 25 days pre-partum. 

This finding should be examined in future research. 

 

8.4.3 Dam metabolic parameters at lambing  

Significant hormonal and metabolic changes occurred at parturition, where insulin 

concentrations declined dramatically and concentrations of glucose and NEFA 

increased two- and three-fold. These changes are expected, arising concomitantly with 

the demands of parturition and lactogenesis, drawing on metabolic adaptations 

including increased hepatic gluconeogenesis, decreased peripheral-tissue glucose 

utilisation, increased fatty acid mobilisation from adipose tissue and possibly 

increased amino acid mobilisation from muscle (Bell 1995). 

 

NEFA concentration declined at the completion of parturition, while glucose 

increased, indicating a substitution of energy sources. The mean concentration of 

BHB, examined only at the commencement of parturition, were at concentrations 

sufficient to diagnose ketosis (Robinson 1980) in both high and low CFW dams, 

being higher in the low CFW dams, which may reflect that fatter ewes are capable of 

metabolising more energy from body fat. At very high ‘flock’ values for BHB, ketosis 

was not apparent and variation in concentrations had no relationships with lamb 

survival, supporting the view that sheep can tolerate short periods of high 

concentrations of ketone bodies (Russel 1984). Given the very large increases in 

plasma glucose and NEFA, in association with decreases in insulin, it is not surprising 

that BHB elevates to toxic levels, as the requirements for energy increase during 

parturition and the commencement of milk production, indicating a reliance on 

mobilisation of adipose tissue, as observed elsewhere (Banchero et al. 2006; El-Sherif 

and Assad 2001). Concentrations of leptin had also declined, reflecting reductions in 

body fatness between D140 and in feed intake before lambing. 

 

8.4.4 Gestation length, parturition duration, birth weight and lamb metabolic 

parameters 

Gestation length is considered a proxy for metabolic maturity (Greenwood et al. 

2002; Miller et al. 2010), and lambs with a shorter gestation also have higher leptin 

concentrations and higher thermoregulatory capacity. Thermoregulatory capacity is 

governed by brown adipose tissue (BAT) in neonates (Alexander 1975; Lončar 1991), 
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thus the relationship between high thermoregulatory ability of lambs with a shorter 

gestation and improved metabolic maturity must be due to more BAT. Where leptin 

may be an indicator for quantities of smaller lipid locules in adipose tissue (Edwards 

et al. 2005; Mühlhäusler et al. 2002), it is not well correlated to foetal perirenal fat 

(Edwards et al. 2005). Leptin has also been shown to have a thermogenic capacity in 

muscle and fat (Henry et al. 2008). Miller et al. (2010) showed higher leptin 

associated with increased rectal temperature and they concluded this was associated 

with improved maturity at birth. In our data, leptin did not decrease with gestational 

age, a result which has also been observed for pre-term foetuses (Mühlhäusler et al. 

2002), thus elevation in concentrations of the hormone may indicate metabolic 

maturity at any gestational age, although in our study there were no differences in the 

concentrations between lambs that survived or those that died. The small increases in 

plasma leptin of high CFW lambs may indicate more unilocular lipids are present in 

the perirenal fat and this is in an advantageous direction compared to low CFW. The 

small increase in leptin did not, however increase rectal temperature at birth or 

postpartum. These results show that the high CFW lamb is not likely to have less fat 

at birth, or be less able to thermoregulate. 

 

Holst and Allan (1992) suggested longer gestation indicates delayed foetal maturation 

in short-term undernourished ewes. Merinos have also been shown to have a 2-days 

longer gestation than first cross ewes (Holst et al. 2002). Therefore, selection for high 

CFW may further exacerbate these breed differences. Our data show that gestation 

was longer in ewes with higher feed intake for the seven days pre-partum, while feed 

intake in the 25 days pre-partum had no effect. Thus, it seems that short term variation 

in feed intake may affect maturity of the neonate. Associated with increased gestation 

length and increased feed intake was concomitantly heavier birth weight, but without 

birth weight related advantages for lamb survival, which are otherwise common 

(Atkins 1980; Hatcher et al. 2009; Hinch et al. 1985; Refshauge et al. 2007). Dams 

with higher feed intake in the seven days pre-partum, also had increased glucose, and 

lower BHB and NEFA concentrations. Furthermore, ewes with higher feed intake had 

lambs with higher partum lactate, lower postpartum insulin and higher postpartum 

glucose. Not surprisingly, dams consuming greater amounts of their ration gave birth 

to heavier lambs, but how this reflects metabolic maturity is not clear. Concurrently, 

dams consuming greater intakes had lower lamb mortality probabilities, thus high 
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feed intake seven days pre-partum is paramount to reduce lamb mortality. The fetus 

determines the duration of gestation and the mother determines the time of day at 

which labour begins (Everett-Hincks et al. 2005; Silver 1992). The length of gestation 

of lambs with lower mortality probabilities may have been increased by foetal signals, 

awaiting metabolic maturity before initiating parturition. How that relationship may 

affect maternal intake is worthy of future investigation. 

 

The time taken to deliver the first-born lamb was not affected by feed intake. 

However, the time that elapsed between the birth time of the first and second born 

lambs tended to be reduced by increased feed intake. While the probability of lamb 

mortality increases with longer parturition in our data and elsewhere (Cloete et al. 

2003b; Everett-Hincks et al. 2007); CFW, feed intake and the need for assisted 

delivery did not significantly contribute to duration. In the present study, ewes that 

lost both twin lambs did not have longer parturition, which is in contrast to the data 

reported by Everett-Hincks et al. (2007), where twin lambs that failed to survive to 

three weeks of age took twice as long to be born. Our data shows that the probability 

of mortality increased in lambs unable to maintain body temperature. Rectal 

temperature at birth was also associated with birth order and sex, and at two hours 

postpartum birth weight can also have an influence on temperature. (Eales et al. 1982) 

reported lambs with birthing difficulty had trouble maintaining rectal temperature. 

When the majority of lambs presented for necropsy had lesions present at the 

meninges and CNS, the role that parturition duration has in the development of the 

lesions remains unknown. In the current study lambs that died had a longer 

parturition, but the relationship was not significant. There were also no effects of 

parturition duration on rectal temperature at birth or two hours later, suggesting the 

effects leading to the loss of body temperature were not related to a difficult birth, 

despite the majority of lambs showing signs of meningeal lesions. Taken together 

these results suggest that the difficulty in birth is not just a function of time in 

parturition. Intrapartum birth stresses occur quickly and with profound effects on 

individual lambs. 

 

As pregnancy nears term, the fetus relies increasingly on endogenous glucose 

production through activation of hepatic gluconeogenesis, for which the principal 

substrates are presumably amino acids (Bell and Bauman 1997). Much of the glucose 
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is converted to lactate and, because lactate is poorly diffusible across the placenta, it 

becomes available for foetal metabolism (Bell 1993). Bell and Bauman (1997) 

reported that twin-pregnant ewes restricted to about 60% of their predicted energy 

requirement for several weeks during late pregnancy, developed maternal 

hypoglycaemia and a reduced maternal-foetal glucose concentration gradient, but 

unchanged foetal or placental growth. In the present study the marked reductions in 

feed intake from D125 had a large impact on the success of rearing both lambs, yet no 

differences were observed for birth weight, such that foetal growth had not been 

inhibited. Mellor (1988) reports normal glucose concentrations range between 4-8 

mmol/L in fed lambs, and 0.5 mmol/L in starved lambs. The present results show that 

at birth, glucose was lower than these fed-lamb values, and 2 h postpartum the 

concentration had further reduced, more so in high CFW lambs. These results suggest 

that the lambs had not consumed milk within the first 2 h postpartum and also suggest 

gluconeogenesis is producing glucose but at lower concentrations in high CFW lambs. 

Elevated NEFA may be responsible because increased fatty acid oxidation and 

triglyceride storage in the liver compromise gluconeogenic capacity (Allen et al. 

2009). Miller et al. (2010) demonstrated improved odds for lamb survival in lambs 

with reduced pre-suckling glucose concentrations, and that this was associated with 

increased rectal temperature. The present data do not support this relationship because 

lambs that died had lower glucose concentrations. Given the glucose levels were low 

2 h postpartum suggests that collection of plasma glucose occurred too quickly to 

determine this relationship in this study. Collection of plasma glucose at times after 

suckling will increase glucose in surviving lambs and be expected to increase the 

difference between lambs that survived or died. 

 

Lambs born to high CFW dams with low seven day pre-partum intakes have 

substantially elevated insulin. Under these conditions circulating glucose will be 

reduced, partitioned towards muscle and fat cells, unless insulin tolerance or 

resistance occurs. Circulating glucose in the hypoxic neonate may be of paramount 

importance because energy deprivation is associated with brain damage (Schurr 

2002). Thus, lambs born to low CFW dams may be more vulnerable to hypoxic 

challenges because reduced insulin and elevated lactate are conditions common to 

hypoxic lambs (Wallace et al. 2005). Under conditions of glucose exhaustion, insulin 

would be expected to decrease markedly. Glucose and lactate are the most important 
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sources of fuel for oxidation in foetal and placental tissues (Bell and Bauman 1997), 

thus under conditions of reduced oxygen lactate will accumulate. However, our data 

also shows that dams with higher feed intake have lambs with higher lactate. The 

concentrations being higher in lambs whose dams are better fed, thus lactate becomes 

an abundant energy source. Therefore, lactate may not be a useful indicator of 

hypoxia in neonatal lambs when collected at birth, despite lambs that died having 

higher concentrations. Ting et al. (1983) exposed foetuses to 120 min of marked 

hypoxia mid-gestational and found serum lactic acid concentrations remained 

elevated for a prolonged period during recovery. Other studies report prolonged 

elevation (Hooper 1995), and with shorter, postpartum hypoxic impositions (Eales 

and Small 1985). Eales et al. (1982) defines hypoxic lambs suffering hypothermia, as 

having glucose <4.0 mM and lactate >10.0 mM. Lactate concentrations in plasma 

collected 2 h postpartum remained elevated in lambs that died is an indication that 

intrapartum hypoxia did occur in the present study. The value of lactate as an 

indicator of hypoxic challenge is likely to be more useful at least 2 h postpartum, 

however given lactate remains elevated in second born lambs complicates the use of 

lactate as a sole indicator of hypoxia. 

 

In studies of Merinos selected for high or low (+/-) staple strength (SS), Thompson et 

al. (2006) found higher glucose, higher NEFA and lower blood urea nitrogen (BUN) 

in SS+ lambs. The lowered BUN suggested utilisation of amino acids for 

gluconeogenesis, thus elevating glucose. Thompson et al. (2006) suggested that the 

higher concentrations of plasma glucose in SS+ lambs did not appear to be due to 

higher glucose production, or an increased release from glycogen stores, rather that 

the rate of clearance from muscles is lower. In the present study, high CFW lambs had 

similar glucose but lower NEFA at birth compared to low CFW lambs. Yet two hours 

later, glucose was further reduced in high CFW lambs, but it had increased in low 

CFW lambs. This suggests glucose production was not occurring in high CFW lambs, 

causing those lambs to become more reliant on NEFA, their perirenal fat reserves and 

on the imminent availability of colostrum, even though insulin was at high levels. The 

increase in NEFA suggests insulin resistance is occurring two hours postpartum. 
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8.4.5 Cause of death 

The rate of mortality (25%) in this study was typical for Merinos (Hinch 2008) and 

for the flock these ewes were selected from Refshauge et al. (2007), but was higher 

than in the preceding field study. This contrasts to these ewes’ rearing success in the 

field during 2005 and 2006, where the mean mortality per lamb born was 7% in 2005 

and 0% in 2006 (data not shown). In 2005, the high CFW ewes used in this study lost 

8% of lambs born compared to the low CFW ewes which lost 5%. In 2006, no 

differences occurred. The significant and serious reductions in feed intake 

experienced in this study seem to have normalised lamb mortality for these ewes, by 

increasing lamb mortality to rates equivalent to the less successful ewes in the field 

study (Refshauge et al. 2007). The metabolic evidence of elevated lactate and lowered 

glucose (Eales et al. 1982) shows 8 of the 15 dead lambs may have suffered from 

hypoxia and 6 of these 8 had significant cranial and CNS lesions. Dutra et al. (2007) 

considered the majority, if not all lambs suffer from hypoxia. An important difference 

between the work of Dutra et al. (2007) and Holst (2004) is the level of investigation 

of the brain. It is possible for lesions to be present around the brain stem while not at 

the dorsal meninges, which has more terminal implications for the lamb (Dutra et al. 

2007). This means the procedures of Holst (2004) may diagnose starvation (i.e. the 

absence of significant meningeal and CNS lesions) where in fact the lamb may have 

experienced brain stem damaging hypoxia. However, only 5 of the 15 dead lambs in 

the present study had lactate elevated more than 1 s.d. above the mean of live lambs at 

partum. The methods described by Barlow et al. (1987) were able to classify seven of 

the 15 lambs to a cause of death, using rectal temperature at birth, lactate and birth 

weight. Of those seven, one was in agreement with Holst (2004), one other lamb had 

characteristics in agreement with Eales et al. (2004), yet no lambs were classified into 

a common cause of death with all three methods. Five of the seven lambs were 

classified according to Barlow et al. (1987) whose cause of death did not agree with 

either Holst (2004) or Eales et al. (1982). Except for an increase in the number of high 

CFW lambs that died, there was no evidence of increased lesion presence or severity 

scores being associated with CFW selected phenotypes. 

 

8.4.6 Milk quality, milk intake and lamb growth to 11 days postpartum 

No differences between CFW phenotypes were observed for milk protein, lactose or 

fat. Intake was higher in lambs heavier at birth, and high CFW lambs tended to have 
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higher intake. However, low CFW lambs that were heavier at birth consumed 

significantly more milk than heavier high CFW lambs. Lambs with greater milk 

intake had higher growth rates to the day of testing. Elevations in maternal insulin are 

expected to relate to a capacity to produce colostrum (Banchero et al. 2004). High 

levels of insulin may decrease gluconeogenesis and in doing so may spare more 

amino acids for colostrum synthesis. Milk production might also benefit from 

elevated insulin and that appeared to be the case in the high CFW dams, as reflected 

by the higher milk intake of their lambs. However, this did not result in heavier lamb 

weights at weaning, suggesting milk intake declines faster in high CFW dams after 

the 11days postpartum. Bencini and Purvis (1990) found that averaged over nine 

weeks, fat was 8.5%, proteins 4.85% and lactose was 5.46% in ewe milk. Our data 

were identical for protein and lactose but milk fats were lower, and were similar to the 

levels one week postpartum reported by Thompson et al. (1996). Thus, milk quality 

did not appear to be problematic for the ewes in the present study. 

 

8.4.7 Weaning weight and metabolites in dams and lambs 

Lambs with greater milk intake had higher weaning weights, although the higher milk 

intake of the high CFW lambs did not translate into heavier weaning weights. Despite 

the small effects in energy metabolism around parturition and milk intake, there were 

no cumulative effects on weaning weight of lambs. At pasture, there were no 

differences apparent for NEFA or glucose in the dams or their lambs, although high 

CFW lambs continued to have lower glucose concentrations. The small reduction in 

glucose did not however, result in higher NEFA. 
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8.5 General conclusions 

 

The concentrations of energy substrates in the current study suggest that selection for 

fleece weight does not consistently mirror those reported by Adams et al. (2004a; 

2004b; 2006). Insulin was shown to be higher in this study, although the effects of 

higher insulin were not apparent on glucose, except at D140 when insulin resistance is 

known to occur. It is likely that lactogenesis is drawing on D140 glucose 

concentrations in high CFW dams, whose lambs subsequently had higher milk intakes 

at 11 days postpartum, indicating improved milk supply. Increased ketosis at low 

intakes, marginally longer parturition duration, and lambs having longer gestation 

periods is associated with high CFW. Each of these is expected to increase the risk of 

higher mortality, but none showed significant relationships between high CFW dams 

and mortality in the current study. The reasons statistical significance was not 

achieved by this study are likely to be due to the small size of the differences and the 

variability within the CFW groups, and not the number of the ewes in the study. 

 

The progeny from high CFW ewes had a longer gestation, inferring they needed more 

time to mature than low CFW lambs. High CFW lambs had lower glucose, lactate and 

NEFA concentrations indicating lower total metabolic energy reserves at birth, thus 

placing more reliance on their brown fat reserves, which did not appear to be 

deficient. Insulin and NEFA concentrations were significantly elevated 2 h 

postpartum, while glucose and lactate remained low, indicating the energy deficit was 

supported by mobilisation of fat in the high CFW lamb. The high CFW lambs had to 

contend with a greater reliance on NEFA for energy in the first 2 h postpartum, and 

the possibility of NEFA-induced reductions to gluconeogenesis. While milk quality 

was similar between dam phenotypes and milk intakes were higher in high CFW 

lambs, growth rates should have been higher but were not. The directional differences 

for important metabolic indicators exist at key times and imply high CFW ewes may 

be more likely to lose lambs to weaning. High CFW ewes reared fewer lambs, 

although the differences were not large enough for statistical significance, they were 

consistent with those reported by Hatcher and Atkins (2007), but not those found in 

the field study findings in Chapter 5 (Refshauge et al. 2007). 
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The studies by Adams et al. (2004b; 2006) linked low insulin with low glucose and 

mostly involved dry sheep that had a history of single-trait selection for staple 

strength, which may have imposed its own effects. The current study has tested the 

relationships in twin-bearing ewes and linked higher insulin and lower glucose, 

similar to the finding of Oddy and Lindsay (1986). Within flock selection for CFW 

may have brought about changes between bloodlines in the relationship between 

CFW and metabolic energy indicators. This may be an important consideration for 

industry to consider as the pursuit for increased CFW continues. Restoration of fat 

reserves post-weaning is crucial for success at subsequent joining in adult dams, and 

will be governed by insulin, and interactions with feed quality, which for the ewes in 

the present study have been observed (Refshauge et al. 2010). 

 

Overall, this study has been unable to demonstrate conclusively why high CFW dams 

wean fewer lambs, in a single bloodline and at single a point in a breeding program. If 

selection for increased CFW continues will the muscle depth, metabolic and 

reproduction differences between selected groups become larger? Piper et al. (2007) 

would disagree with reference to the number of lambs weaned, yet variation between 

bloodlines and breeding programs exists. Lee et al. (2009) show a phenotypic 

correlation between CFW and the number of lambs weaned of -0.22 for the QPLU$ 

flock, compared to 0.03 and 0.04 for two other Trangie selection flocks. For 

commercial producers, the conclusions of the present study find that management of 

twin bearing Merinos does not require additional consideration to CFW groups. 

Instead, attention should be focussed on optimising ewe fatness and improving feed 

intake of dams in the final trimester of pregnancy, and the continued selection for 

increasing or maintaining CFW. 

 

Further research stemming from this study should consider examining more 

bloodlines to establish the relationship of insulin between high and low CFW dams 

and testing the responsiveness to glucose and insulin challenges during pregnancy. 

Another area of interest may be the relationship between D125 and the elevation of 

BHB at low intake. 
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Chapter 9  General discussion 

 

Concerns that high clean fleece weight sheep were less fit during drought have been 

expressed by parts of the Merino industry and were supported by some animal house 

studies, using predominantly dry sheep (Adams et al. 2005). These studies found that 

high fleece weight genotypes were leaner and had lower circulating energy levels and 

it was concluded that the relationship between CFW and fatness would have 

consequences for reproductive efficiency (Adams et al. 2005). However, to date there 

has been no experimentation to examine the relationship in pregnant ewes. This thesis 

has examined the hypothesis that breeding ewes, selected for high or low clean fleece 

weight and high or low body weight and held at two levels of stocking rate, will 

partition nutrition differently with reductions evident for body fat and reproduction in 

high CFW ewes. It also examined if there were effects on carcase quality, growth, 

wool production and neonatal metabolism of offspring. 

 

The hypothesis is rejected because while fat reductions occurred, there were no 

significant effects of these reductions on reproduction, and no additional reproductive 

failure occurred when nutrition was limited by higher stocking rate. There were also 

no detrimental effects on carcase traits due to high CFW, and while evidence was 

apparent for lower circulating energy reserves in progeny from high CFW ewes, the 

differences were not large enough to explain lamb mortality. 

 

9.1 Adult ewes 

Serial muscle and fat tissue assessment during the two year field experiment revealed 

that high CFW ewes were heavier and leaner, with less muscle depth, less body fat 

and lower fat scores compared to low CFW ewes, and that twin bearing ewes depleted 

more muscle and fat tissue during lactation. Such findings support the possibility that 

the high CFW Merino dams may be more vulnerable to nutritional stress because the 

demands of wool growth are being met at the expense of fat replenishment (Adams et 

al. 2006a). However, in the present study the size of the effect that high CFW imposes 

on body tissue was not large and was not exacerbated by the higher stocking rate. 

Based on the phenotypic correlations between wool weight and animal fatness it 

would be expected that the high CFW dams would be marginally fatter (Fogarty 

1995; Fogarty et al. 2003; Safari et al. 2005a). In the present study these expectations 
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were true in two instances: for dams that failed to wean lambs, but only at times 

equivalent to mid pregnancy and lambing, and in the post-weaning recovery period, 

where high CFW dams tended to restore the subcutaneous fat faster than low CFW 

dams. 

 

Rates of fat depletion and replenishment indicate that high CFW dams appear to be 

responsive to the demands of pregnancy and wool growth, regardless of the level of 

stocking rate. This observation suggests a change in the partitioning of nutrition 

according to increased CFW production. It also suggests that these ewes are more 

efficient wool growers, as reported by others (Langlands and Hamilton 1969; Lee at 

al. 2002, Li et al. 2008; Williams 1979), because in the present study staple length 

growth was also greater in high CFW ewes post-weaning when the rate of fat 

replenishment tended to be greater than observed in low CFW ewes. The lack of 

interaction between stocking rate and CFW group suggests that the effects of nutrient 

partitioning on body composition are small and not easily distinguished without 

severe restrictions. McGuirk (2009) has the view that genotype x environment 

interactions are matters of scale, where high producing animals continue to produce 

more at lower nutrition, but the size of the difference is less. Thus, the lack of 

interaction between stocking rate and CFW indicates that these animals respond 

similarly at different levels of stocking rate. It is apparent the severity of nutrient 

restriction has not been sufficient to affect the fleece weights of the adult ewes, nor 

the birth and weaning weights of the progeny, unlike other studies (Kelly et al. 2006; 

Krausgrill et al. 1997; Langlands et al. 1984a). The majority of the ewes in the 

present experiment were bearing twin lambs, which itself is similar to imposing a 

gross restriction on feed intake (Reid and Hinks 1962). For industry this means 

management decisions for most years are not likely to penalise high CFW dams 

anymore than low CFW dams. In years of exceptional drought, producers do not need 

to pay any attention to the CFW propensity of their sheep rather; attention should 

focus on the fat reserves of their breeding and young stock, to reach body fatness or 

growth rate targets sufficient to maintain high reproductive productivity. 

 

9.2 Reproduction 

While this study has not examined the fertility and weaning success of this flock 

throughout its lifetime, during the two years these ewes were examined no significant 
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reductions in fertility or weaning rates were observed between high or low CFW and 

high or low BWT ewes. While the probabilities of reproductive failure where higher 

in high CFW ewes for conception, and for lamb survival to weaning, the differences 

were not significant. This study has highlighted that among pregnant ewes, the high 

CFW ewes have conceived and lambed earlier than low CFW ewes, which is 

indicative of higher fertility and has not been previously reported. Among the lambs 

that died and were autopsied, no differences were observed for the cause of death 

between the CFW lines. The fact that fewer high CFW lambs were presented for 

autopsy may provide a minor lamb survival advantage that helped to minimise the 

difference in weaning rates. 

 

9.3 Progeny growth and fleece characteristics 

The high CFW ewe hoggets had lower muscle depth and fat scores than low CFW 

hoggets and this is similar to the muscle and fat relationships observed in the dams, 

but lacked significance in the hoggets. The high CFW adult ewes had lower muscle 

depth and fat score. Safari et al. (2005a) and Greeff et al. (2008) reported that the 

phenotypic relationship between EMD and CFW is very weak (0.02), while the 

observations in the present study indicate a negative rather than a positive 

relationship. Given the EMD is lower in high CFW dams and marginally lower in 

their lambs, it is recommended that selection for EMD is necessary where meat 

production is an economically important trait. The tendency to have a lower fat score 

implies minor reductions in litter size are possible (Hatcher et al. 2007), but because 

there were no liveweight differences off-shears fertility is not expected to be lower in 

the ewe progeny at their first mating (Hatcher et al. 2007). 

 

9.4 Carcase performance of wether lambs 

The retention of wether progeny for slaughter as lambs showed that phenotypic 

selection for BWT will have favourable effects on carcase attributes including weight, 

fatness and m. longissimus thoracis et lumborum (LTL) dimensions, with the 

exception of temperature at pH 6.0. The only effects of increasing dam stocking rates 

were to decrease fat depth in high BWT progeny, which may imply a degree of 

prenatal programming (Bell 2006) has occurred. The increase in lactate 

dehydrogenase enzymatic activity is indicative of a metabolic change as a result of 

CFW selection and may involve changes in the distribution of muscle fibre types 
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across the oxidative-glycolytic range. Thus, the ability to enhance fleece growth 

might limit aerobic muscle activity, which is known to be higher in nutritionally-

restricted lambs (Gardner et al. 2006). This implies that selection for increased CFW 

and BWT is associated with a leaner animal, but the effects of BWT selection are 

more important to meat quality. The literature has little focus on meat quality 

variation among only Merinos and the present experiment has shown that while 

variation exists within a bloodline, phenotypic selection for increased CFW is not 

likely to have largely deleterious impacts on meat quality. 

 

9.5 Animal house experimentation 

The study of twinning ewes showed that high CFW ewes and their lambs had 

significantly elevated insulin concentrations compared to low CFW animals. In the 

high CFW ewes, elevated insulin did not consistently result in lowered glucose, nor 

increased muscle depth, fat depth or fat score. In fact, muscle depths were lower in the 

high CFW ewes, which is a finding consistent with the findings of Chapter 4. High 

CFW ewes had a longer gestation, which might suggest that high CFW lambs 

required more time to mature. 

 

The high CFW progeny had significantly elevated insulin and NEFA two hours 

postpartum. Elevated NEFA in the high CFW lambs indicates the demand on fat 

reserves for energy is higher and increases the demand for milk supply. No 

differences were observed for milk quality, but relationships were observed in milk 

intake. While high CFW lambs tended to have a higher milk intake, their intake did 

not increase as their birth weight increased, unlike that as observed for low CFW 

lambs. What can’t be explained by this observation is why the tendency to have a 

greater intake did not translate into a heavier weaning weight. However, it does 

suggest that a greater demand for milk supply from the high CFW lambs is likely to 

result in greater reductions of body fatness in high CFW dams, as also supported by 

the findings of Chapter 4. Consistent with the field observations in Chapter 5, a lower 

percentage of lambs were weaned, but the difference was not significant. Overall, the 

study did not demonstrate a reason why high CFW dams wean fewer lambs. 

 

The ewes taken to the animal house experiment had a high reproductive history, with 

little reproductive wastage observed for the ewes in the previous two years. In this 
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study a marked and significant reduction in feed intake was observed during the 

animal house experimentation, which translated into rates of reproductive wastage 

equivalent to observations made in the field. This observation suggests that animals 

are close to a nutritional threshold in late pregnancy and reinforces the importance of 

pre-lambing nutrition. The high CFW ewes were under conditions of harsh nutritional 

deprivation, but the high CFW ewes were no more detrimentally affected than low 

CFW ewes. 

 

9.6 Conclusions 

The implications of the findings in this thesis suggest twin bearing high CFW dams 

deplete their fat and muscle tissue faster during pregnancy, but have an ability to 

compensate fat reserves when the demands of pregnancy and lactation cease, which 

could be supported by elevated circulating insulin concentrations. Evidence from 

slaughter and in progeny growth rates show that Merinos benefit from BWT selection, 

and there were no undesirable consequences of selection for both traits. The 

conclusion is that because the reductions in muscle depth and fatness are small, 

selection for increased CFW should continue. 

 

9.7 Future research 

The findings presented in this thesis show that in high CFW ewes insulin is elevated 

during pregnancy, muscle and fat tissues are lower and these effects were not 

exacerbated when high CFW ewes were stocked at higher density. In contrast to the 

findings in pregnant adult ewes in the present study, high CFW superfine wool 

wethers examined by Li et al. (2008) had greater muscle depth, and the same fat 

depths at 0.8xM, or more fat at higher nutrition. Using maiden Merino ewes, Adams 

et al. (2006) reported similar findings to the present study in terms of a reduction in 

fat, but they found whole body muscle tissue was not different, and insulin was lower. 

It is possible that the differences between the animals used in each study reflect 

bloodline differences. How these bloodlines produce a high CFW may differ and this 

may reflect suitability to their particular environment. The elevated insulin 

concentrations may also reflect the physiological state of the pregnant twin bearing 

high CFW ewe, although the elevated insulin in the neonatal high CFW lamb supports 

the possibility of bloodline differences, rather than a physiological state. Thus, an 
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examination of numerous bloodlines in one environment may be useful to elicit a 

broader understanding of the biological variation supporting high CFW animals. 

 

Elevated circulating insulin concentrations in twin bearing ewes would support the 

ability to restore fat reserves and, although insulin was not assessed at weaning, it is 

reasonable to expect that the higher concentrations in the high CFW ewes would 

occur at that time. The elevation of insulin during pregnancy may occur to minimise 

the catabolism of muscle and fat tissue. Alternatively, these tissues may be tolerant of 

the effects of insulin in high CFW ewes, which subsequently permits the degradation 

of muscle and fat tissue. Thus, insulin and glucose tolerance should be examined in 

twin bearing high and low CFW ewes from several bloodlines. 

 

The observation that high CFW twin bearing ewes had significantly elevated beta-

hydroxy butyrate (BHB) levels at D125 is interesting and suggests that these ewes 

may be more prone to ketosis. It is an important observation that ketosis risk may be 

identified at D125 because such ewes could be identified and managed more 

carefully. This finding is worthy of further experimentation to understand more about 

managing ketosis and its early identification. 
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Appendix 

 

Table A-1. An example of the standardised deviation selection index employed to 
identify the four CFW and BWT phenotypes (High/Low). Clean fleece weight 
(CFW, kg) and bodyweight (kg) were recorded at the first shearing at hogget 
age. 
Dam CFW 

(kg) 
CFW   
z-score 
(s.d.) 

CFW 
H/L 

BWT 
(kg) 

BWT  
z-score 
(s.d.) 

BWT 
H/L 

Phenotype 

982515 4.35 0.47 H 45 0.56 H HH 
982523 4.65 0.97 H 40 -0.48 L HL 
982526 4.16 0.16 H 46 0.76 H HH 
982533 4.03 -0.06 L 43 0.14 H LH 
982535 4.48 0.69 H 52 2.01 H HH 
982536 4.58 0.86 H 46 0.76 H HH 
982539 5.26 1.99 H 47 0.97 H HH 
982542 4.79 1.21 H 42 -0.07 L HL 
982543 4.67 1.01 H 40 -0.48 L HL 
982544 4.20 0.22 H 38 -0.90 L HL 
982545 4.36 0.49 H 40 -0.48 L HL 
982548 4.18 0.19 H 44 0.35 H HH 
982550 4.40 0.56 H 40 -0.48 L HL 
982553 4.61 0.91 H 42 -0.07 L HL 
982559 5.05 1.64 H 45 0.56 H HH 
982567 5.33 2.11 H 52 2.01 H HH 
982568 4.61 0.91 H 50 1.59 H HH 
982569 4.16 0.16 H 40 -0.48 L HL 
982570 3.92 -0.25 L 42 -0.07 L LL 
982574 4.17 0.17 H 42 -0.07 L HL 
982577 4.00 -0.11 L 46 0.76 H LH 
982578 4.45 0.64 H 45 0.56 H HH 
982583 4.26 0.32 H 44 0.35 H HH 
982584 4.82 1.26 H 38 -0.90 L HL 
982586 4.41 0.57 H 41 -0.27 L HL 
982588 3.40 -1.11 L 37 -1.10 L LL 
982589 5.12 1.76 H 42 -0.07 L HL 
982594 3.38 -1.15 L 46 0.76 H LH 
982595 4.83 1.28 H 46 0.76 H HH 
 

 




