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Sheep production in Australia is characterised by large flock sizes, across extensive areas
where animals graze outdoors year round. Lambing also occurs outdoors and in many cases
under adverse environmental conditions leading to significant lamb losses. Under these
extensive conditions lamb losses from birth to marking are often greater than 20% (Hinch
2008) and in economic terms these losses are estimated to cost the sheep industry at least
$A56 million/year (Sackett et al. 2006). Low lamb survival rates not only represent a loss in
lamb production but also an opportunity cost in terms of a reduction in wool production or
quality, reduced surplus sheep for sale, a reduction in selective breeding capabilities and a
reduction in options available to adjust flock structure (Alexander 1984). Improving lamb
survival continues to be an important production issue for the Australian sheep industry

despite many years of research focusing on this area.

In addition to the economic cost of low lamb survival rates, lamb losses also represent an
animal welfare concern for both the lamb and the ewe. Some of the welfare challenges for
the lamb soon after birth include hunger, hypothermia, pain and injury from the birth process
and distress from maternal separation (Dwyer 2008b). Welfare challenges for the ewe may
include pain and injury from the birth process and the impact of the loss of her lamb,
although the welfare implications of this have never been studied (Dwyer 2008b). As the
welfare of farmed animals becomes more important to consumers, improvement in lamb
survival rates will be of paramount importance in the continued viability of the sheep

industry.
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The majority of lamb losses occur in the first 24 hours after birth with Hall et al. (1995)
reporting that 67% of lambs that die do so within the first day of birth. Dystocia or
starvation-mismothering are implicated in the majority of losses at this time and losses are
often higher in multiple litters compared to single born lambs (Hinch et al. 1985) as outlined
in Table 1.1. Table 1.1 also highlights the lack of improvement in lamb survival rates despite
it being the focus of much research over many years. Much of the research to date has
focused on management strategies aimed at improving ewe nutrition (Alexander et al. 1962;
Banchero et al. 2004b; Fogarty et al. 1992; Geenty 1997; Scales et al. 1986; Vincent et al.
1985) or modifying the environment to make it more favourable at lambing time (Alexander
1961c; Lynch and Alexander 1980; Mottershead et al. 1982; Watson et al. 1968). Therefore
there appears to be some merit in a continued focus on improving lamb survival; however,
more focus may need to be placed on the early neonatal period and the role of the lamb in its

own survival.

Table 1.1: Lamb loss rates from various historical studies categorised by litter size.

Single lamb losses Twin lamb losses

Author Period (%) (%)
Lax et al. (1965) To weaning 15-29

Egan et al. (1972) To marking 9.3-12

Knight et al. (1975) To marking 94-133

Cumming et al. (1978) To marking 23-29

Atkins (1980) To weaning 13.4-19.3 19.6 - 35
Caple et al. (1982) Not stated 17.2-27.8 37.5-56.3
Beetson (1984) Not stated 8-10 29 — 38
Jordan and LeFeuvre (1989) To marking 9-20

Kleeman et al. (1991) To weaning 12-13 38 -39
Kelly (1992) To marking 6-19.9 19.1 -63.2
Hall et al. (1995) To 3 days 19

Holst et al. (2002) To 3 days 11.1 20.8
Kleeman and Walker (2005) To marking 16.6 43.8
Fowler (2007) To weaning 16.5 31.5
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There are several factors that determine whether a lamb will survive in the immediate post-
natal period. These include breed (Holst 2002; Wiener et al. 1973; Woolliams et al. 1983),
ewe nutrition (Hinch et al. 1985), litter size (Purser and Young 1964), birth weight, climatic
conditions (e.g. cold exposure), ewe age and parity, ease of birth, lamb behaviour and
maternal behaviour. Factors affecting survival have been widely reviewed (Alexander 1984;
Dennis 1972; Dwyer and Lawrence 2005; Haughey 1981; Hinch 2008; Nowak 1996; Nowak
and Poindron 2006) so will not be repeated here, but the following review will examine in
some detail the relative contributions to lamb survival made by both the ewe and the lamb

particularly focusing on the early neonatal period.
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2.1 Lamb survival

Lamb survival is a key contributor to high reproductive rates. Nowak et al. (2009) have
attempted to outline the relative contributions made to survival by the ewe and lamb,
particularly in relation to their behaviours (Figure 2.1). Figure 2.1 highlights the large variety
of ways that the ewe and the lamb contribute to survival variation and also the
interrelationships. The interactions between mother and young makes it difficult to fully
differentiate and quantify the contribution of each to survival probability and this will be

examined in greater detail in this review.

The Australian sheep industry is dominated by the Merino breed and initially it was thought
that high mortality rates in Merino lambs were due to the “poor” mothering ability of the
ewes (Nowak 1996). However, it is understood that both the ewe and the lamb have
important parts to play (Dwyer and Lawrence 1999; O'Connor and Lawrence 1992) although
the relative contributions may vary with breed (Lindsay et al. 1990; Nowak et al. 1989;
Stevens et al. 1984). Several authors report that the behaviour of the lamb is at least as

important as the behaviour of the mother (Dwyer 2003; Dwyer and Lawrence 1999).
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2.2 Ewe contribution to lamb survival

2.2.1 Energy supply

In the prenatal and early postnatal period, the lamb relies solely on the ewe for provision of
their energy needs. Survival is compromised when the ewe is inadequately nourished during
pregnancy which can also translate into problems associated with reduced availability of
colostrum for the lamb. Nutrition during pregnancy is probably the primary factor that
influences the energy passed to the lamb both before and after parturition (Banchero et al.
2004a; Budge et al. 2004; Langlands and Sutherland 1968; Prior and Christenson 1976).
This aspect of ewe management has been studied extensively in the context of lamb survival
(Alexander 1984; Alexander et al. 1956; Corner et al. 2008; Fogarty et al. 1992; Holst et al.
1986; Kerslake et al. 2009; Khalaf et al. 1979) and in short, adequate ewe nutrition before,
during and after pregnancy is known to be important to the survival of the lamb (Everett-

Hincks et al. 2005a; Gardner et al. 2007; Holst et al. 1986; Scales et al. 1986).

2.2.1.1 Birth weight
The effect of pregnancy nutrition on energy supply in newborn lambs is mainly reflected in
differences in birth weight. The impact of birth weight on lamb survival has been well
documented (Alexander et al. 1959; Davies 1964; Egan et al. 1977; Hall et al. 1995; Hinch et
al. 1985; Mullaney 1969). It is generally accepted that birth weight is the most important
factor affecting lamb survival as it accounts for much of the survival variation between years,
seasons, ewe age, type of birth (Hinch et al. 1985), strain, sex and chill value on the day of
birth (Hall et al. 1995). Very light lambs and very heavy lambs have the highest mortality
rates (Alexander et al. 1959). A birth weight of 5.0 kg is considered to be optimal for

survival (Fogarty et al. 1992), as shown in Figure 2.2, however, this may vary depending on
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breed and age of the ewe (Alexander 1984). The mean birth weight of a population is usually
below the optimum weight for survival (Mullaney 1969) which implies there needs to be
increases in lamb birth weights to improve survival. Mid- to late- pregnancy nutrition is
thought to be particularly important for optimising birth weight as this is when 90% of foetal
growth occurs. In contrast to the general dogma, Thomson et al. (2004) reported high
survival rates across a much wider birth weight range (3 — 9 kg) and in different sheep breeds.
They attributed the improved survival to better management practices including improved

ewe nutrition, heavier ewes and selection for easy care lambing (Thomson et al. 2004).
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Figure 2.2: Effects of birth weight on lamb survival for single and twin Merino lambs

(Hatcher 2007).

The reduction in survival rates at high birth weights is often attributed to the effects of
dystocia (Fogarty et al. 1992) which is usually caused by foeto-pelvic disproportion arising
from an oversized foetus and/or a small maternal pelvic canal (Alexander 1984). In one
study, dystocia accounted for 53% of lamb deaths, particularly in heavy lambs (Hall et al.

1995).
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Mortalities in light birth weight lambs are often attributed to the starvation-exposure-
mismothering complex (Fogarty et al. 1992), with lighter lambs known to have lower
amounts of energy reserves and a reduced thermogenic capacity (Alexander 1984). Hall et
al. (1995) reported that lambs dying from starvation-exposure-mismothering were an average
0.5 kg lighter at birth than those that survived. Type of birth may also impact on birth
weight. As litter size increases, birth weight declines and associated survival levels also
decline (Mullaney 1969). In a study by Hinch et al. (1985), survival declined markedly for
triplets and quadruplets when compared to singles and twins in highly fecund Booroola

Merinos and the differences were largely associated with birth weight differences.

2.2.1.2 Placental insufficiency
Placental insufficiency is another way in which lambs may have reduced energy supplies
during gestation and at birth. The placenta provides all the energy, respiratory and waste
cycling needs of the foetus so factors reducing the efficiency of circulation may result in
lambs that are low birth weight, hypoxic, metabolically immature, have reduced energy
supplies and impaired cognition. Placental insufficiency may result from inadequate
maternal nutrition during pregnancy and increasing litter size (Reynolds et al. 2005). Severe
maternal undernutrition may result in reduced placental size (Mellor and Murray 1981) and
therefore reduced availability of nutrients for the lamb. Likewise, increasing litter size may
result in a decrease in availability of nutrients per foetus with a smaller amount of placental
tissue available per foetus (Alexander 1978a; Bleker et al. 1979; Dwyer et al. 2005; Mellor

1983; Mellor and Murray 1981).

The effect of low birth weight on survival has been discussed, however, low birth weights for

gestational age may provide an indication that the lamb is metabolically immature

8
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(Greenwood et al. 2002; Stafford et al. 2007). Metabolic immaturity refers to lambs that are
not sufficiently developed to cope efficiently with the extra-uterine environment (Greenwood
et al. 2002; Mellor 1988). They may appear to be normal, however, vital organs such as the
kidneys, lungs and heart may not be sufficiently developed (Greenwood and Bell 2003).
Immature lambs often have increased urea levels in the blood stream due to a continued
reliance on protein metabolism to supply energy needs instead of carbohydrate metabolism

(Thompson et al. 2006).

Chronic hypoxia (oxygen deprivation) may develop in lambs suffering placental insufficiency
(Mellor 1988) due to inefficient circulation of respiratory gases through the placenta. This
often results in lamb deaths due to a compromised ability to thermoregulate due to hypoxia

and will be discussed in more detail in a later section.

2.2.1.3 Colostrum availability
Lambs require colostrum soon after birth to not only meet their energy needs but also to
obtain immunoglobulins vital for protection against infection. Colostrum production begins
just prior to or soon after parturition (McCance and Alexander 1959) and the volume and
quality produced may depend on ewe nutrition and litter size (Banchero et al. 2004a;
Banchero et al. 2004b; Mellor and Murray 1986). It has been estimated that lambs require at
least 180 — 210 ml/kg birth weight of colostrum in the first day of life to meet their energy
demands particularly in cold, outdoor conditions (Mellor and Murray 1986). The volume
actually obtained may be compromised when ewes are undernourished during pregnancy
resulting in low quality, low volume colostrum that is highly viscous and difficult for the
lamb to suckle (McCance and Alexander 1959). High energy diets particularly in late

pregnancy have been shown to have a positive influence on colostrum production. Banchero
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et al. (2004a; 2004b) reported that feeding cracked corn provided high amounts of glucose to
the ewe which was conducive to higher milk production. These authors also reported that the
improved diet resulted in earlier lactation, so higher volumes of low viscosity colostrum were
available to the lamb at the first suckling attempt. Other authors have also reported that a
high plane of nutrition during pregnancy results in low viscosity milk that is easily suckled

(Hall et al. 1992b; McCance and Alexander 1959; Shubber et al. 1979).

Twin- and multiple-bearing ewes may produce higher volumes of colostrum than single-
bearing ewes however the volume per lamb may be reduced (Alexander and Lloyd Davies
1959; Hall et al. 1992a; Shubber et al. 1979). This means that twin lambs are competing with
each other to meet their energy needs and in the development of their bond with the ewe.
Shubber et al. (1979) found that triplet lambs ingested 40% less colostrum in the first
24 hours than single lambs suggesting multiple lambs may not be able to consume as much
colostrum as single lambs even if it was available. The onset of lactation may sometimes be
delayed in twin bearing ewes (Hall et al. 1990; McNeill et al. 1998) meaning that milk is not
necessarily available when the lamb first successfully attaches to the teat. Hall et al. (1990)
reported that triplet-bearing crossbred ewes fed to maintain weight had no colostrum in the
udder at 90 minutes after parturition whereas single ewes had 218 g at the same time point.
This is perhaps not surprising considering triplet bearing ewes had lost more body condition
then single bearing ewes (344g compared to 221g) so would have less energy reserves to

draw on for colostrum production (Hall et al. 1990).

The consequences of a reduced volume and quality of colostrum include insufficient energy

leading to starvation, compromised immunity and potentially an inferior quality ewe-lamb

10
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bond. Holst et al.(1996) showed that lambs suckling ewes with low volumes of highly
viscous colostrum had increased frequency and duration of suckling bouts and this was
particularly noticeable in twin lambs. It is thought that receipt of colostrum provides positive
feedback to the lamb thereby improving the establishment of the ewe-lamb bond (Nowak et
al. 1997). Alexander and Williams (1966a) have also demonstrated the importance of
positive feedback where lambs that were prevented from suckling at the udder discontinued

their teat seeking behaviour compared to lambs that were allowed to suckle.

2.2.2 Birth environment

The ewe also has a role in providing a benign environment for the newborn lamb. This may
be through a short, uncomplicated parturition (see Alexander 1984; Haughey 1980a for
reviews) but also behaviourally through selection of an appropriate birth site to limit stressors

such as inclement weather effects and interference from other ewes.

2.2.2.1 Birth process
Parturition is by nature a stressful process and necessarily so to stimulate proper function in
the neonate that must change rapidly from a fluid breathing foetus to an air breathing neonate
along with associated changes in thermoregulation and energy supply. However, this stress
can be exacerbated by dystocia due to foeto-pelvic disproportion or malpresentation, or
prolonged due to slow birth which may result in lambs with central nervous system damage
and hypoxia that in turn, affects the ability of the lamb to function normally (Mellor 1988).
Dystocia can also affect the ability of the ewe to adequately groom and suckle the lamb

(Dwyer et al. 2001; Shelley 1970).

11
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Parturition is under tight physiological control and relies on hormonal signals from both the
foetus and the ewe. Parturition is initiated by a cortisol surge in the neonate that is necessary
to ensure all maturation of vital tissues such as lungs, kidneys and the gut has occurred
(Mellor 1988), although other hormones may also be involved. Disruptions to this hormonal
control from either the ewe or the lamb may result in a prolonged birth which has
consequences for the subsequent survival of the lamb. This may be from birth injury
(Haughey 1980b) or disruptions to the physiological control of maternal behaviour due to an
extended birth and recovery time (Poindron et al. 1984) leading to increased desertions of

lambs (Alexander 1960; Alexander et al. 1959).

Dystocia occurs in 4 — 36% (Mellor 1988) of parturient ewes for a number of reasons
including large foetal size, malpresentation and nutritional status of the ewe. It is thought to
account directly for 30% of total lamb losses (Duff et al. 1982) but may be implicated in up
to 65% of lamb losses (Haughey 1980a). Dystocia may also be influenced by other factors
such as parity, genetics and litter size (Kerslake et al. 2005). Lambs may die as a direct result
of dystocia while others may die hours or days later due to injury or trauma caused during
parturition which affects their physical ability to behave appropriately in the neonatal period

(Dwyer 2003).

Central nervous system (CNS) damage is one of the main indicators used to identify death
associated with dystocia or difficult/prolonged birth. In some instances lambs may be

diagnosed as dying from starvation-mismothering-exposure but this is a consequence of the

12
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trauma of a difficult birth. However, some CNS damage is often evident in lambs born
through a normal delivery (Haughey 1980a) although it is typically less severe than in lambs
that die following dystocia. Lambs with more severe birth trauma to the CNS tend to die
nearer to birth than lambs that die from other causes associated with birth trauma (Haughey
1982). Presumably, lambs that do not die during or soon after parturition (<6 h) from birth
trauma probably die as a result of starvation-exposure due to impaired teat seeking ability
caused by CNS damage and therefore a lack of energy and an associated inability to

thermoregulate.

Acute hypoxia may also occur with dystocia. Elevated blood lactate levels provide an
indication of those lambs suffering hypoxia (Barlow et al. 1987). Acute hypoxia, associated
with the birth process, is usually transient, lasting only about 30 minutes (Eales and Small
1985), but during this time the ability of the lamb to thermoregulate is impaired (Alexander
and Williams 1970). This may result in lamb deaths particularly in cold, wet and windy

weather.

Difficult and prolonged births can also have implications on the development of critical
neonatal behaviours (Haughey 1980a) and subsequent development of the ewe-lamb bond
(Dwyer 2003; Shelley 1970). Dwyer (2003) found that manual delivery (required due to
malpresentation or failure to progress through parturition after two hours) of Suffolk and
Scottish Blackface lambs resulted in delayed progression of all behaviours from shaking the
head through to suckling. Lambs that were assisted during birth took an extra 10 minutes to
suckle compared to lambs born without assistance (Dwyer 2003). Similarly, Haughey

(1980a) also showed that lambs that had an artificially delayed vaginal birth were less likely

13
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to suckle successfully than those lambs delivered normally (28% vs. 1%). Birth difficulty
can also influence maternal behaviour (Shelley 1970) and therefore subsequent ewe-lamb
bonding. Dwyer et al. (2001) found that ewes that had been assisted (full manual delivery
due to prolonged or difficult birth) at lambing took significantly longer to begin grooming

their lambs than ewes that did not require assistance (348 s vs. 54 s, respectively).

2.2.2.2 Critical peri- and post-parturient behaviours in the ewe
A way of providing a benign environment for the lamb is through the selection of a birth site
and self-isolation from the flock, although these behaviours are not necessarily exhibited in
all breeds (Alexander et al. 1990a). Birth site selection may be important to lamb survival in
terms of protection from environmental influences such as wet, windy weather and from
predation. The ability of ewes to select appropriate birth sites appears to be breed or
management dependent with wild breeds, such as Soay and Rocky Mountain Bighorn, being
more likely to seek protection from the elements (Geist 1971; Shillito and Hoyland 1971)
than domesticated breeds such as Corriedale, Merino or Scottish Blackface (Alexander et al.
1990a; Lynch et al. 1992; Stevens et al. 1981). Geist (1971) reported that Bighorn ewes may
seek shelter and isolation up to two weeks before parturition while Stevens et al. (1981)
reported that it is unclear if Merino ewes seek isolation or get left behind as the mob moves

away.

An example of a management dependent influence on shelter seeking is that if Merino ewes
are shorn within a few weeks of lambing they are more likely to seek shelter at lambing time
(Alexander and Lynch 1976; Alexander et al. 1979; Lynch and Alexander 1977; Mottershead

et al. 1982) than when in full wool. Even in these studies, selection of a birth site was not

14
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always clear and may have been related to where other ewes had recently given birth as peri-
parturient ewes are attracted to fresh foetal fluids (Lynch et al. 1992). Isolation from the
flock also becomes important following parturition as it allows the ewe and the lamb to bond
without interference from other peri-parturient ewes that may steal a newborn lamb and

subsequently abandon it following the birth of their own lamb (Nowak and Poindron 2006).

The length of time the ewe spends alone with her lamb/s at the birth site will also facilitate
the development of the ewe-lamb bond and is particularly important for twins (Nowak 1996).
Alexander et al. (1983) found that the proportion of ewes permanently separated from a twin
decreased (from nearly 80% down to 5%) as the time spent on the birth site increased (from 0
to >4 hours). It has been suggested that the longer time spent on the birth site allowed the
ewe to recognise the number of offspring and bond with the whole litter (Alexander et al.
1983) although the role of the lamb in this bonding process was not considered in this study.
Six hours spent on the birth site is considered ideal for bond formation and subsequent lamb
survival (Nowak 1996), however, some breeds, in particular the Merino, may move from the
birth site much earlier with Alexander et al. (1983) reporting an average of two hours. In the
latter study, drought conditions prevailed so ewes were on very poor pastures and were being
fed supplementary grain twice a day which may have impacted on their post-parturient
behaviour. However, there appears to be no clear data to confirm nutritional impacts on time

at the birth site.
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2.2.3 Stimulus for the lamb

2231 Maternal behaviour and formation of the ewe-lamb bond
Following birth, quick progression by the ewe from expulsion to standing and grooming the
lamb is considered normal (Lynch et al. 1992) but this can be delayed in primiparous ewes or
ewes that experienced difficult/prolonged births (Arnold and Morgan 1975a). The ewe licks
the lamb vigorously, due to a strong attraction to foetal fluids, which dries the lamb and
results in maternal recognition of the offspring (Nowak 1996). While performing this
grooming behaviour, the ewe typically emits a deep, soft bleat or rumbling (Dwyer et al.
1998) which may facilitate recognition of the ewe by the lamb (Nowak 1996; Sebe et al.

2007).

It is thought that ewe behaviour influences the activity of the lamb and vice versa. It is likely
that grooming behaviour will have more influence on time to suckle rather than time to stand
as ewe behaviour can influence the ability of the lamb to access the udder. For example,
ewes may move away from the lamb or circle which will affect their ability to suckle.
Wassmuth et al. (2001) suggested that more active cleaning and licking behaviour by the ewe
will stimulate the lamb to stand earlier and therefore present an earlier opportunity to suckle.
However, other authors have found a difference in the time taken for Mule and Blackface
lambs to stand and suckle despite there being no observed breed differences in maternal
behaviour suggesting that ewe and lamb behaviour did not affect each other (O'Connor and
Lawrence 1992). Several authors report that the behaviour of the lamb is at least as important
as the behaviour of the mother (Dwyer 2003; Dwyer and Lawrence 1999; Nowak and

Lindsay 1992) and this is possibly best demonstrated when ewes display reduced maternal
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behaviour when they have a dead lamb that provides no reciprocal stimulus for the ewe to

respond to (Sawalha et al. 2007).

Once the lamb is standing, ewe behaviour remains important in the initiation of suckling.
Ideally, the ewe will stand still and allow the lamb to locate the udder and suckle. However,
some ewes, especially primiparous ewes, may display aberrant behaviours such as butting,
circling or abandoning the lamb (Cloete and Scholtz 1998; Everett-Hincks et al. 2005b;
Grandinson 2005; Vince and Billing 1986). Cloete and Scholtz (1998) found that a higher
proportion of maiden ewes backed, circled and butted their lambs than mature ewes. These
authors also observed differences between ewes selected for a high or low rearing ability

where the former were less likely to back, circle or butt their lambs.

Formation of a robust ewe-lamb bond is essential to the survival of the lamb as the ewe is the
sole source of nutrition for the lamb in the first few weeks of life. Bond formation assists in
mutual recognition and acceptance thereby allowing the lamb to suckle. The stimulus for
bonding begins as soon as the ewe begins licking birth fluids (Vince and Billing 1986) and
continues after the lamb is expelled and is facilitated by grooming. Ideally this grooming
phase will continue for a few hours, however, interruptions are common. These interruptions
may be from other peri-parturient ewes, litter mates, human interference or due to the ewe

moving away to graze or rejoin the flock (Alexander et al. 1983; Dwyer 2008a).

Nutrition and body condition during pregnancy may also impact on ewe behaviour following

birth. Dwyer et al. (2003) found that under-nourished, low body condition score Scottish

17



Chapter 2: Literature review

Blackface ewes spent less time grooming and more time eating in the first 30 minutes after
birth compared to adequately nourished ewes. Similarly, Everett-Hincks et al. (2005a)
reported that ewes lambing on a higher pasture allowance were more likely to remain with
their lambs after tagging than ewes at lower pasture availability. Other authors (Putu 1990;
Putu et al. 1988b; Thomson and Thomson 1949) have found similar patterns with adequately
fed ewes being more attentive and spending more time at the birth site than undernourished
ewes. This improved behaviour may well be particularly important for twin lamb survival

(Putu et al. 1988b).

2.2.4 Conclusion

The role of the ewe in the subsequent survival of her lamb is well documented. It is clear that
management strategies, such as the provision of adequate nutrition throughout pregnancy,
have a critical influence on lamb survival. Likewise, the display of appropriate maternal
behaviour such as grooming and spending time on the birth site to allow for the formation of
a strong ewe-lamb bond is also paramount. There appears to be few areas of limited
knowledge in the contribution of the ewe to lamb survival (Ferguson et al. 2007) so the next
section will focus on the role of the lamb and how important they are in contributing (both

behaviourally and physiologically) to their own survival.

2.3 Lamb contribution to survival

2.3.1 Access energy by suckling soon after birth and regularly
Prior to suckling, lambs rely on stored energy in fat and muscle for their energy needs. The

energy available from these sources is limited so it is essential that the lamb suckles soon
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after birth to supplement their energy supply. Lambs with a high probability of survival tend
to have higher pre-suckling levels of plasma glucose, fructose and NEFAs (Barlow et al.

1987; Mellor and Pearson 1977; Stafford et al. 2007), metabolites associated with energy

supply.

Following birth, the lamb performs innate behaviours essential to life including shaking the
head and giving several gasps to settle into regular respiration before progressing to standing
and suckling. Progression to standing usually occurs within 30 minutes of birth and most
lambs begin to suckle within 1-2 hours of birth (Nowak et al. 2008), although significant
breed differences in these times have been reported (Cloete and Scholtz 1998; Slee and
Springbett 1986). Slee and Springbett (1986) found that Scottish Blackface and wild breeds
(Soay and Boreray) stood and reached the udder in an average of 17 and 30 minutes,
respectively, while other domesticated breeds such as Finnish Landrace took an average of 54

minutes to stand and 94 minutes to suckle.

Once the initial behaviours have been performed, the lamb must be ready to follow and
maintain contact with the ewe as she moves away from the birth site soon after birth. This is
particularly evident in Merino ewes who exhibit a high degree of gregariousness (Alexander
et al. 1983). The ability of the lamb to maintain contact may in part depend on the
availability of adequate lamb energy supplies but also on the cognitive ability of the lamb to
register and respond to the ewe’s behavioural cues. Oppong-Anane (1991) found that Merino
lambs often had the physiological capability to follow the ewe, as measured by maximal
oxygen consumption, but there was considerable variability in the actual following and

recognition behaviour displayed by lambs, although the reason for this was unclear.
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2.3.2 Adapt to a new environment

The newborn lamb has to be able to maintain contact with its mother, often under challenging
conditions. Its behavioural responsiveness needs to be maintained while it is also adapting to
weather and other stressors. The adaptation process may be impacted by the trauma
associated with a difficult birth (and associated hypoxia or physical injury/bruising),
immaturity at birth (associated hypoxia) and exposure to extreme weather conditions. Figure
2.3 outlines the interactions between stressors and how this may impact on lamb survival.
These stressors may have a physiological and/or behavioural impact (impaired mobility,
recognition or cognition) on the ability of the lamb to survive. Cold stress in particular is a
major factor known to influence lamb behaviours in the neonatal period (Alexander and
Williams 1966b) however, effects of cold on lamb behaviour have not been well documented.
Under cold, wet and windy conditions, teat seeking activity is inhibited and if cold exposure
continues and the lamb’s rectal temperature falls below 38°C, teat seeking activity continues
to be depressed even if environmental conditions improve (Alexander and Williams 1966b).
Other authors have reported that lambs kept under cold conditions (-1°C) ingest less milk
than those in warm conditions (20°C) although this study did not look specifically at lamb
behaviours (Thompson 1983). In such stressful situations, it is important for the lamb to
maintain contact with the ewe to ensure food supply and physical protection for survival.
The lamb must be able to respond and adapt their behaviour in a way which responds to the

cues being given by the ewe.
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23.2.1 Thermoregulation
The thermoregulatory capacity of the lamb is essential for its subsequent survival in a
stressful new environment. Losses due to cold are estimated to account for approximately
30% of total lamb losses in New Zealand (McCutcheon et al. 1981). In the milder
conditions experienced during lambing in Australia, losses are more likely to be around 10%
(Alexander et al. 1980), although under extreme weather conditions, losses due to
hypothermia have been reported to be up to 52% (Arnold and Morgan 1975b). Hypothermia
is likely to be a primary cause for those lambs that are diagnosed of dying from
starvation/mismothering, therefore, hypothermia may account for a much higher percentage
of lamb losses. Following birth, the lamb must adapt rapidly to a cold environment by
increasing heat production through metabolism of energy substrates which include brown

adipose tissue initially, followed by the energy obtained through colostrum ingestion. If the

lamb is unable to meet this thermoregulatory demand, then starvation due to depletion of

body reserves or death from exposure due to hypothermia may ensue.
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Figure 2.3: Stressors faced by the neonatal lamb and interactions with factors affecting lamb

survival (adapted from McCutcheon et al. 1981). Dashed lines indicate behavioural factors

while solid lines indicate physiological factors.

Lambs increase heat production through an increase in their metabolic rate to summit

metabolism.

Summit metabolism refers to the maximum metabolic response to cold

(Alexander 1979) after which body temperature begins to decline under continued cold

exposure without access to further energy substrates (either body reserves or colostrum).

Rapid attainment of summit metabolism is necessary for the lamb to maintain body
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temperature under cold conditions, however, there is significant variation in summit
metabolism due to factors such as breed (Slee 1981; Slee et al. 1991; Slee and Stott 1986),
pregnancy nutrition (Alexander 1962d) and current physiological state (e.g. whether the lamb
is hypoxic or has suckled or not). The ability of the lamb to maintain summit metabolism

may provide an indicator of their resistance to hypothermia.

Slee and Springbett (1986) reported that lambs that found the udder quickly tended to have
greater resistance to hypothermia across 10 breeds with Merino and Finn lambs being the
slowest. Lambs of these breeds were also more likely to be susceptible to hypothermia as

measured by rectal temperatures one hour after cold exposure.

2.3.2.2 Recover from hypoxia
Lambs may be under stress in the early neonatal period due to acute or chronic hypoxia.
Acute hypoxia is associated with a prolonged birth and can be seen by high levels of plasma
lactate soon after birth (Barlow et al. 1987). Acute hypoxia is usually transient and lactate
levels are generally back to normal levels within an hour after birth (Comline and Silver
1972). Chronic hypoxia on the other hand is caused by placental insufficiency during
pregnancy and can be distinguished from acute hypoxia by high packed cell volume and low
plasma fructose and glucose levels (Barlow et al. 1987; Mellor and Pearson 1977) along with
high levels of lactate soon after birth. The effects of chronic hypoxia do not disappear after
birth and can have implications for the subsequent survival of the lamb. Hypoxia, both
chronic and acute, has been implicated in 35 — 59% of lambs that die soon after birth (Barlow

et al. 1987). However, this report is from high litter size flocks (90% of lambs from twin and
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triplet litters) and percentage losses may be lower in Australian Merino flocks where

twinning is usually less than 30% (Kelly 1992; Kilgour 1992; Kleeman and Walker 2005).

It has been shown that pre-partum hypoxia has a detrimental effect on the ability of the lamb
to reach and maintain summit metabolism (Eales and Small 1980) and it is therefore essential
that the lamb recovers from hypoxia in order to be able to thermoregulate adequately.
Likewise, the cognitive capacity of the lamb may also be affected by hypoxia, particularly
chronic hypoxia, which may have consequences for the subsequent behaviour of the lamb and
development of recognition of the ewe. Cock et al. (2001) have shown that lambs suffering
intra-uterine growth retardation perform poorly in behaviour tests (maze and obstacle course)
designed to test their cognitive ability up to five weeks of age compared to normal lambs. It
is also well established in the human literature that infants suffering hypoxia in the neonatal

period may have impaired cognitive ability that may be sustained over time (Volpe 2008).

2.3.3 Lamb behavioural responses to the ewe

The critical early lamb behaviours of standing and suckling need to occur quickly to ensure
the lamb has access to an energy supply other than their endogenous reserves. Progression
through these behaviours must occur regardless of the stimulation provided by the ewe but as
discussed in an earlier section, may progress more rapidly with appropriate grooming from
the ewe. The time to perform these behaviours has often been used to assess the likelihood of
lamb survival along with other subjective behavioural criteria (Cloete 1993; Dwyer et al.

2005; Owens et al. 1985; Slee and Springbett 1986).
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As discussed in a previous section, it is essential for the lamb to perform critical early
behaviours as soon as possible to establish contact and a food supply. However, after these
behaviours occur and the ewe begins to move away from the birth site to feed or rejoin the
flock, the lamb must be ready to follow and maintain contact with the ewe. This may be
more important for particular breeds such as the Merino which are more gregarious and have

high twin lamb losses (Stevens et al. 1982; Stevens et al. 1984).

It has been established that the ewe ceases the grooming behaviour necessary for lambs to
stand and suckle within a few hours of birth (Poindron et al. 1984). This suggests that from
the time grooming ceases the lamb’s capacity to respond to and follow the ewe becomes
more important in maintaining the contact necessary to continue the ewe-lamb relationship.
However, there are no studies that have clearly tested whether this is true nor identified the

age of the lamb when these changes might impact on survival.

2.3.4 Lamb vigour

Lamb vigour has often been used as an indicator of the probability of survival (Alexander et
al. 1959; Alexander et al. 1990b; Wassmuth et al. 2001). However, a consistent and well
defined explanation of lamb vigour is often lacking (O'Connor and Lawrence 1992; Owens et
al. 1985). Published definitions of lamb vigour include; general alertness, activity or
‘strength’ of the lamb (Alexander et al. 1990b; Nash et al. 1996; Owens et al. 1985); time
taken to perform certain behaviours, generally standing and suckling (Dwyer et al. 2005;
Owens et al. 1985); growth rate to weaning (Wassmuth et al. 2001); or in some cases, it is
not defined at all but still used as a causal factor for lamb survival (Alexander et al. 1959).
When lamb vigour has been assessed, these definitions have been used alone or in

combination (Alexander et al. 1959; Owens et al. 1985; Pfister et al. 2006b).
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To date, most of the methods for measuring lamb vigour have focused on behavioural (time it
takes the lamb to stand and suckle) and/or physiological measures such as rectal temperature
within 1 — 3 hours of birth. One aspect of vigour assessment that warrants further
consideration is the timing of the assessment. Ideally, it should coincide with the time when
vigour is of greatest importance to survival in a particular production environment. This may
be at birth in the case of intensive lambing systems (Dwyer 2008a) or alternatively, it may be
when the ewe is moving away from the birth site in extensive systems (Murphy et al. 1994a;
Putu et al. 1988a) and/or when the lamb is under a physiological stress such as that

experienced due to cold, a difficult birth, placental insufficiency or starvation.

2.3.5 Measures of lamb vigour

2.35.1 Behavioural
Subjective assessments have often been used to describe lamb vigour (Alexander et al. 1959;
Alexander et al. 1990b; Owens et al. 1985; Pfister et al. 2006b) and the scales used vary
between studies. Alexander et al. (1959) described lambs that died as being of poor vigour
while lambs that survived were vigorous but no scale or description of what vigour meant
was provided. In this study, timed behaviours, including time to stand and suckle, were also
measured but these were not used in the assessment of lamb vigour (Alexander et al. 1959).
Similarly, Owens et al. (1985) used a classification of poor, fair or good to describe lamb
vigour but decided that this was inadequate so incorporated timed behaviours (time to attempt
to stand, time to stand, time to attempt to suckle and time to suckle successfully) in their
assessment. None of the data for the subjective assessments was presented in their study, so a

comparison between subjective and timed behaviours was not possible.
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Various numerical scoring systems have been developed to measure lamb vigour (Holst
1987) with some requiring multiple observations while others are scored on one observation.
Holst (1987) used a scale of 1 — 5 to describe lamb vigour using the definitions in Table 2.1.
This scoring system was more useful than the arbitrary use of terms poor, fair or good to
describe lamb vigour (Alexander et al. 1990b) as they are defined with some measurable

behavioural parameters.

Table 2.1: Definition of lamb vigour score (Holst 1987).

Score Description

1 Doesn’t stand for at least 40 min; little or no teat-seeking drive

2 Attempts to stand after 30 min; low teat-seeking drive and tendency to follow
ewe

3 Shakes head within 30 sec; attempts to stand within 15 min; seeking teat
within 10 min of standing; follows ewe but distracted by other moving
objects

4 Attempts to stand within 10 min of birth; seeking teat within 5 min of
standing; strong tendency to follow ewe

5 Attempts to stand within 5 min of birth; follows ewe closely

Simple additive measures have also been used where lambs were observed and scored a
number of times in the first 24 to 40 hours of life. Measures were then added to give a total
vigour score. Theriez and Villette (1985) observed lambs six times, from birth to 40 hours
after birth, and assigned a score of 0 (lamb lying down) or 1 (lamb attempting to stand or
standing) at each observation. These scores were added to give a total score of between 0 and
6, with 0 being least vigorous. Lambs with low scores were considered to be “high-risk” in

terms of survival (Theriez and Villette 1985).
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Some UK groups (North of England Mule Sheep Association, Suffolk Sheep Society) are
advocating the use of vigour scoring and recording in genetic improvement programs to
improve lamb survival (Macfarlane et al. 2010; Matheson et al. 2010). This scoring system
uses a scale of 1 — 4 with 1 being highly vigorous and the assessment is made at 10 minutes
of age (Matheson et al. 2010). This score is combined with a similar measure of lambing
ease and mothering ability to assist the producer when deciding whether to breed from these

lambs in the future.

Subjective lamb vigour scores are currently being applied in a large scale progeny testing
program in Australia (Brien et al. 2009). The score is based on a 1 — 5 scale with a score of 1
indicating a very vigorous lamb. The following table (Table 2.2) outlines the definition of
each score which is measured when the lamb has been restrained and then within 30 seconds
of release. Lambs are scored at various ages from birth to 24 hours of age and an age is

estimated at the time of assessment.

Table 2.2: Lamb vigour score used in the information nucleus flock by the Sheep CRC
(Brien et al. 2009).

Score Description

1 Constant struggle — bleat in response to ewe — on release reaches ewe quickly
and follows

2 Regular struggle while held — moves to the ewe on release — bleating
common

3 Some struggle — walking in direction of ewe bleats but no contact — may
bleat

4 Some struggle — attempts to walk but aimless — no apparent response to ewe
bleats

5 Little movement when held — lies on release

Subjective lamb vigour scores are useful for comparing animals within a study, however,

accurate comparisons between studies are usually difficult due to the wide range of
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methodologies used and the subjective nature of the assessment. It is important to adequately
describe the scale being used for vigour scores otherwise the measures used are arbitrary and
interpretation of the data is therefore difficult. Some authors have combined physiological
measures with behavioural scores to achieve more robust assessments of lamb vigour (Pfister
et al. 2006b). Pfister et al. (2006b) measured five factors using a revised version of the
APGAR scoring system used for human infants (Volpe 2008). Heart rate, respiration,
activity, appearance and sucking ability were all measured on a scale of 0 — 2 and then added
together to produce a final score. Heart and respiration rates were measured objectively
using monitors and the 0 — 2 scores were then applied while activity and appearance were
based on the struggling attempts of the lamb under restraint and the lamb’s attentiveness
(Pfister et al. 2006b). Sucking ability was scored as 2 if the lamb suckled without assistance,
1 if it required assistance to attach but then suckled and O if it did not suckle. When added
together, lambs scoring O — 3 were categorised as “probable death”, 4 — 6 “survive with
intervention” and 7 — 10 “strong healthy lambs with no intervention” (Pfister et al. 2006b).
The utility of this vigour scoring system in the context of lamb survival requires further

investigation.

Lamb vigour has also been described using measures of time taken for lambs to progress
through a series of behaviours (Cloete 1993; Dwyer et al. 2005; Owens et al. 1985; Slee and
Springbett 1986). These behaviours commonly include time taken to stand and suckle. Some
authors use further classifications such as time to: attempt to stand, stand for a certain time
period, first seek teats, reach the udder and apparently suckle (Cloete 1993; Dwyer 2003;
Owens et al. 1985). Some also use the amount of time the lamb spends close to the mother
and playing as measures of vigour (Dwyer 2003). The behaviours measured and their

definitions for a number of studies (Dwyer 2003; Dwyer et al. 1996) are outlined below
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(Table 2.3). Similar measures and definitions are used in other studies where timed lamb

behaviours are measured.

Table 2.3: Definitions of lamb behaviours (Dwyer 2003).

Behaviour Definition

Shakes head Lamb raises and shakes head

To knees Lamb on chest, pushes up on knees, supporting part of body
off the ground

Attempts to stand Lamb on knees, supports part of its weight on at least one foot

Stands Lamb supports itself on all four feet for at least 5 s

To udder Lamb in parallel inverse position with head nudging ewe in
udder region

Suck attempt Lamb in parallel inverse position, head beneath ewe in udder

region, prevented from sucking by ewe movement or leaves
udder region within 5 s

Successful suck Lamb has teat in its mouth, in correct position, appears to be
sucking for at least 5 s
Playing Lamb running, jumping or frolicking, in a coordinated

manner, with no apparent purpose

Timed behaviours have some limitations as a measure of lamb vigour due to the fact that the
behaviour of the ewe may influence the expression of these behaviours (Dwyer 2003). The
visual, auditory, oral and tactile stimuli provided by the ewe, can influence the time taken for
the lamb to stand and seek the udder (Lynch et al. 1992). If the ewe does not start grooming
the lamb or does not emit a low rumbling sound then the lamb may remain quiet and still for
a longer period of time (Lynch et al. 1992). Notwithstanding this, timed behaviours still

provide an objective means for assessing vigour.

From a practical perspective, timing the progression of behaviours in neonatal lambs is a long
and laborious process and often requires the presence of more than one person. It is most

useful in experimental situations where, generally, only a small number of animals are being
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observed and there may be the option for video recording. However, on farm, it would be too
time consuming and the application of a subjective assessment as discussed above would be
more practicable and have wider appeal. Ideally, an objective, easy to measure parameter
would have the most appeal when measuring lamb vigour particularly for genetic

improvement of the trait. To date, no such measure has been identified.

2.35.2 Behaviour tests
Lamb behavioural tests have been used for various applications including to test how the
lamb discriminates its mother from other ewes (Alexander and Shillito-Walser 1978; Nowak
1990; Nowak and Lindsay 1992; Nowak et al. 1989; Sebe et al. 2007); the following ability
of the lamb (Oppong-Anane 1991; Shillito Walser et al. 1985); the cognitive ability of the
lamb (Pfister et al. 2006b) and to test impairments to the lamb due to birth difficulty or other
stressors (Haughey 1980a; Nowak et al. 1987; Pfister et al. 2006a). Although not considered
specifically in these studies, all these tests are providing an assessment of lamb vigour and it
would be expected that more vigorous lambs would be able to discriminate between their
mother and an alien ewe and reach her more quickly than a less vigorous lamb. A vigorous
lamb should also be able to progress through a maze or some other test arena more
successfully, particularly if viability is associated with cognitive function as appears to be the

case in the human neonate (Volpe 2008).

Behavioural tests could also be used to test the ability of the lamb to cope with a stressor such
as cold. Lambs exposed to cold challenges tend to have attenuated responses to maternal
signals (Alexander and Williams 1966b) and therefore, it would seem that a test should be

completed in a stressful environment where contrasts are likely to be highlighted. In general,
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it would be expected that the more vigorous lambs would be able to perform such tests more
effectively than a less vigorous lamb as they are likely to have suckled, had a less stressful

birth and therefore, not have impaired cognitive function.

The age of the lamb is also an important consideration when using behavioural tests. Various
authors (Bickell et al. 2009; Lindsay et al. 1990; Nowak et al. 1987; Nowak et al. 1989) have
reported that lambs younger than 12 hours of age are not able to perform discriminatory tests
and consistent performance in these tests is not developed until the lamb is at least 24 hours
of age (Nowak et al. 1989). The type of test used may also influence the performance of the
lamb. The development of a test of the responsiveness of a lamb may be more useful than its

ability to discriminate or its cognitive ability under benign conditions.

Aside from the age of the lamb, the timing of the test according to other events, such as when
the ewe is moving away from the birth site, also needs to be considered. Movement away
from the birth site is a critical time for the lamb as it needs to respond to the visual and
auditory cues from the ewe to maintain contact with her as she moves. The lamb needs to be
able to do this in a selective way to reduce the likelihood of mismothering and therefore

ensure a continued energy supply.

2.3.5.3 Physiological measures of vigour

Blood hormones and metabolites

Blood metabolites can provide a means of assessing lamb vigour by providing information on

the viability of the lamb particularly in relation to pre and parturient stress. Barlow et al.
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(1987) outlined a number of blood parameters that are useful in determining if a lamb is
compromised due to placental insufficiency, hypoxia or metabolic immaturity as outlined in
Table 2.4. However, the time at which these measures are taken and the preceding conditions
that the lamb has been exposed to can alter metabolite levels. It may be more important to
sample blood a number of times in order to gain a more accurate profile of the specific

metabolite and how this in turn relates to the expression of vigour.

Table 2.4: Blood metabolites associated with placental insufficiency, hypoxia and metabolic
immaturity (adapted from Barlow et al. 1987).

Category Diagnostic variable Results in
Placental insufficiency High PCV Chronic hypoxia
High lactate Foetal undernutrition and
Low fructose growth retardation
Low glucose Inhibited heat production
Low T4
High cortisol

Low birth weight
Low rectal temperature
Age at death <12h

Acute intra-partum hypoxia ~ PCV not high Acute foetal hypoxia
High lactate Inhibited heat production
Low T4

Low rectal temperature
Age at death <12h
Metabolic immaturity Low T4 Inhibited heat production
Low insulin
Low fructose
Low rectal temperature

Blood concentrations of thyroid hormones, both triiodothyronine (T3) and thyroxine (T4), in
neonates have been shown to relate to their thermogenic capacity (Mellor and Pearson 1977;
Schermer et al. 1996). Lambs with higher levels of thyroid hormones are more likely to
survive (Barlow et al. 1987) due to an improved thermoregulatory capacity. This is
particularly important as a vast number of lamb deaths are related to hypothermia. Low

levels of plasma thyroid hormones are associated with an increased reliance on shivering
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thermogenesis for heat production (Clarke et al. 1997b) which is considered to be an
inefficient means of heat production. Stafford et al. (2007) measured plasma T4 levels in
neonatal twin and triplet lambs and found that triplet lambs have lower levels and were less

likely to survive.

Blood measures such as glucose, fructose (Stafford et al. 2007) and non esterified fatty acids
also provide indications of energy reserves in the neonate. These measures are particularly
important prior to suckling as levels, particularly glucose, increase once the lamb has suckled
(Daniels et al. 1974). Lambs with higher levels of these energy indicators at birth are
considered to be at an advantage compared to lambs with low levels (Barlow et al. 1987).
Fructose levels may also provide an indicator of metabolic maturity as triplet lambs have
been shown to have lower levels than twin lambs (Stafford et al. 2007) and are usually
smaller for gestational age indicating immaturity. Protein levels as measured by amino acids
or urea also provide an indication of the degree of maturity of the lamb (Thompson et al.
2006). Protein metabolism for energy production is associated with foetal development
whereas postnatally, carbohydrate metabolism predominates (Greenwood et al. 2002).
Lambs with high protein levels would therefore be considered to be less mature as they are

still relying on foetal metabolic mechanisms.

Blood lactate levels in the new born provide an indication of the degree of hypoxia suffered
by the lamb during gestation and/or birth. Lactate levels are only useful if taken very soon
after birth as lactate is quickly metabolised (Comline and Silver 1972). High levels indicate
that the lamb has been excessively stressed during the birth process often associated with a

difficult or a prolonged birth. High lactate levels have been associated with lambs that are

34



Chapter 2: Literature review

more likely to die and also with increased litter size (Barlow et al. 1987). High lactate levels
along with high packed cell volume may indicate lambs that are suffering chronic hypoxia
due to placental insufficiency, however, low PCV and high lactate would indicate lambs

undergoing acute hypoxia (Barlow et al. 1987).

Rectal temperature

Rectal temperature at various ages after birth has been used as a measure of the viability of
the newborn lamb (Barlow et al. 1987; Dwyer and Morgan 2006; Miller et al. 2010; Stafford
et al. 2007). Lambs with rectal temperatures <37°C are generally less likely to survive
(Barlow et al. 1987). Some authors have attempted to relate rectal temperatures to timed
behaviours and various vigour scores of lambs (Dwyer and Morgan 2006; Miller et al. 2010;
Slee and Springbett 1986). Miller et al. (2010) found no association between rectal
temperature and time to stand and suckle, however, Dwyer and Morgan (2006) reported that
lambs that are slow to stand and suckle have lower rectal temperatures within 1 hour of birth
and at 24 hours of age than those that stood and suckled quickly and this effect was still
evident at 72 hours of age. Similarly, Slee and Springbett (1986) reported that lambs with
low rectal temperatures were more likely to fail to reach the udder. The discrepancy between
the findings of Miller et al. (2010) and the other authors may be due to breed differences as
their study used Merino lambs only. However, Slee and Springbett (1986) found this

association across ten breeds of lambs including Merinos.

2354 Response to cold
The ability of the lamb to respond to a cold challenge is another potential measure of lamb
vigour. Lamb vigour is thought to be associated with the lamb’s thermoregulatory capacity
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with more vigorous lambs having a better ability to thermoregulate (Wassmuth et al. 2001).
Slee and Springbett (1986) found that lambs that were able to find the udder quickly tended

to have greater resistance to hypothermia across ten breeds.

Lambs respond to cold via two mechanisms, namely shivering and non-shivering
thermogenesis.  Non-shivering thermogenesis accounts for approximately 40% of heat
generation (Alexander and Williams 1968) and is predominately associated with brown
adipose tissue (BAT) metabolism. BAT is located in the peri-renal, abdominal, inguinal and
pre-scapular regions of the lamb (Alexander and Bell 1975). BAT is highly vascularised with
many mitochondria that contain uncoupling proteins. Cold exposure leads to stimulation of
the sympathetic nervous system resulting in the release of noradrenaline. Noradrenaline
binds to B-adrenoreceptors in the plasma membrane of adipocytes stimulating adenylcyclase
to form cAMP. cAMP activates a hormone sensitive lipase, via protein kinases, to mobilise
fatty acids from the stored triacylglycerols within the adipose cell. These fatty acids are then
transported to the mitochondria where they are oxidised. Fatty acid oxidation is uncoupled
from the synthesis of ATP by the proton conductance pathway so that the potential energy
associated with the proton gradient is dissipated as heat rather than being used for the
generation of ATP (Himms-Hagen 1985). This process is regulated by uncoupling proteins
(UCP) (Cannon and Nedergaard 2004) and the activity of brown adipose tissue can be

measured by the level of GDP binding to uncoupling protein (Symonds and Lomax 1992).

The presence and volume of UCP within BAT can be used to determine the capacity of BAT
for thermogenesis (Trayhurn et al. 1993). Uncoupling protein levels increase when the

animal is exposed to cold (Clarke and Symonds 1998) thereby improving the ability of the
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animal to metabolise BAT to produce heat and maintain thermoneutrality. However, if the
animal is unable to suckle and is exposed to cold, then atrophy of BAT may occur (Alexander

1962a) leading to a reduction in thermoregulatory capacity.

Thyroid hormones are also important in BAT catabolism with T3 levels regulating fatty acid
oxidation through its action in controlling the transcription of UCP (Cannon and Nedergaard
2004). Noradrenaline also stimulates the activity of an enzyme, 5’ monodeiodinase, which
catalyses the conversion of T4 to T3 (Trayhurn 1993). This can also lead to higher levels of

circulating T3 following exposure to cold (Himms-Hagen 1985).

Methods for inducing and measuring cold stress

Many workers have studied the effects of cold stress in neonatal lambs. Cold stress
challenges have been achieved using cooling water baths, climate controlled chambers or
environmental conditions. Alternatively cold stress has been simulated via pharmacological
treatments. The cold response measures include; changes in rectal temperature, metabolic

rate as measured by oxygen consumption and blood metabolites.

Inducing cold stress using cooling water baths was a technique developed by various workers
including Eales and Small (1980), Slee et al. (1980) and Samson and Slee (1981), and
requires the lamb to be immersed and restrained in a water bath that generally starts at a
thermoneutral temperature of around 38.5°C (Eales and Small 1980; Stott and Slee 1985).
The temperature of the water is gradually reduced by replacing the warm water with cool

water at a steady rate (Slee et al. 1990). Rectal temperatures are logged regularly and the
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lamb removed from the water bath when the rectal temperature reaches a pre-determined
critical temperature between 35 and 37°C (Slee et al. 1990). Slee et al. (1990) compared
variations in the length of time allowed for acclimatisation, the rate of water cooling and the
critical temperature for the use of this technique and found that fast cooling (thermoneutral to
15°C in 50 minutes vs. 110 minutes) with a self-rewarming procedure was satisfactory for
inducing and measuring non-shivering thermogenesis in neonatal lambs. Rectal temperatures
and oxygen consumption, which can be used to calculate metabolic rate, are used to assess
the physiological response of the lamb to this cold challenge. The acclimatisation period
allows a basal metabolic rate and rectal temperature to be determined which is then pushed to
summit metabolism (maximum metabolic rate). Figure 2.4 shows typical response curves for
rectal temperature and metabolic rate. The application of this technique is limited in that it is
very time consuming, requires specialised equipment and expertise and requires the lamb to
be moved away from the ewe. Consequently, it is only useful under intense experimental

conditions rather than for broader observational studies.

Exogenous administration of adrenaline, noradrenaline (Alexander 1969; Mills et al. 1967),
isoprenaline (Slee et al. 1987a) and thyroid hormones (Alexander 1970) are pharmacological
methods that have been used to induce non-shivering thermogenesis by simulating cold
exposure. These pharmacological treatments work by stimulating BAT metabolism without
the need for actual cold exposure to stimulate the parasympathetic nervous system.
Noradrenaline has been found to produce the most consistent results (Alexander 1970; Slee et
al. 1987a) when administered via infusion or subcutaneous injection. Slee et al. (1987a)
compared noradrenaline and isoprenaline via subcutaneous or intravenous injection and
found that subcutaneous noradrenaline injection at a dose of 150 pg/kg birth weight was the

simplest and most effective treatment for large scale experiments. Using this method, a
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consistent rectal temperature response was obtained in lambs of unspecified ages from six

different sires (Slee et al. 1987a).

Various authors (Alexander and Williams 1966b; Gudex 2001; Slee et al. 1980) have taken
advantage of prevailing environmental conditions to study the effects of cold on neonatal
responsiveness. The disadvantage of this approach is that it is difficult to repeat conditions or
to have the lambs in the conditions at a set critical age. Climate controlled chambers,
designed to mimic environmental conditions, can overcome this shortcoming and have been
used extensively in the early work on neonatal thermogenesis by Alexander et al. (1958b;
1961a; b; 1962b; 1970; 1966b) and also in more recent work by Kerslake et al. (2009).
Temperature, wind and rain conditions are able to be simulated in these chambers, using
refrigeration, fans and sprinklers. Ambient temperatures as low as -15°C have been achieved
using such chambers (Alexander 1962c). Lambs are generally placed in these chambers
alone, however, in larger chambers both the ewe and lamb can be accommodated which

overcomes the additional stress of separation from the dam during testing.

Exposure to cold produces a characteristic change in rectal temperature and metabolic rate, as
measured by oxygen consumption (Figure 2.4), where rectal temperatures initially increase to
a peak then gradually decline to a basal level and eventually drop off to critical levels
whereas metabolic rate starts low and gradually increases to summit metabolism. The time
over which this happens varies depending on the severity of the cold, other prevailing
weather conditions (eg. wind and rain); on the age of the lamb and on the individual lamb
itself. Lennon et al. (pers. comm.) and Kenyon et al. (pers. comm.) have identified large

individual variation in rectal temperature and metabolic rate in response to cold as induced by
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cooling water baths and temperature control chambers. Much of the early cold tolerance
work also presents data on individual responses rather than averages due to this high

individual variation (Alexander 1961d; 1962c; Slee et al. 1990).

The blood concentrations of glucose, lactate and free fatty acids all increase in lambs exposed
to cold (Alexander et al. 1968; Alexander and Mills 1968; Mills et al. 1967) as shown in
Figure 2.5. Free T4, total T4 and total T3 concentrations also increase during cold exposure
(Wrutniak and Cabello 1989) with increases observed within an hour of exposure (Cabello
1983) despite increases in thyroid hormones also being associated with long term cold
exposure. ldeally, blood samples should be collected before, during and/or after cold

exposure to reliably assess the lamb’s response profile.
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Figure 2.4: Typical change in rectal temperature (......) and metabolic rate () of a lamb in

a cooling water bath (Slee et al. 1990).
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Figure 2.5: Effect of cold on blood plasma levels of free fatty acids and glucose with warm

lambs kept at 27°C and cold lambs at 4°C (Alexander and Mills 1968).

Most of the methods used to induce cold stress are suitable for small numbers of animals
under intensive experimental conditions, however, lambs are often required to be away from
the ewe thereby confounding the stress due to cold with isolation stress. Many of the
methods used have also been applied to lambs of a wide age range within studies and these
lambs may vary in their response to cold stress due to age. There is a need for a method of
inducing cold stress while the lamb is still in the presence of the ewe and at a specific age in a
uniform way so that variation in lamb responses to cold can be studied. Measures of cold
responses have generally focused on physiological parameters as outlined above and very
little work has been done on the impact of cold stress on behavioural responses of neonatal
lambs. Some authors have considered the effect of cold on the suckling behaviour of the

lamb and found that it suppresses suckling (Alexander and Williams 1966b; Thompson
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1983), however, no studies on the ability of the lamb to respond to the ewe while under stress

appear to have been reported.

2.3.6 Conclusions

Although it is clear that both the ewe and the lamb have a role in contributing to lamb
survival, the relative contribution of the lamb to its own survival is less clearly defined and
understood compared to the role of the ewe. The ability of the lamb to discriminate its own
mother from an alien ewe has been studied extensively, however, in these tests it appears that
the lamb cannot discriminate its mother before 12 hours of age. The ewe generally moves
away from the birth site much earlier than this age and the ewe and lamb must maintain
contact during this time. However, to date it has not been shown that the lamb can actually
recognise its mother until much later. Lamb vigour in the very early neonatal period, up until
the lamb suckles, has been studied extensively. However, there appears to be very little
information on how the lamb contributes to its survival from the time it first suckles until 12
hours of age particularly in Merino lambs and how the physiological responses of the lamb
contribute to subsequent behavioural responses. Therefore, this thesis aims to explore further
ways of measuring lamb vigour particularly at a time when the ewe is beginning to focus on
things other than the lamb (feeding, rejoining the flock) and when the lamb may be

undergoing a physiological stress such as cold.

2.4 General aims
The general focus of this thesis is on the methods of assessing neonatal lamb vigour and how
this could be improved. It extends the concept of lamb vigour from being important to the

lamb as measured by how quickly it stands and suckles to the responsiveness of the lamb to
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the ewe under stressful situations. This was done to assess how important the lamb is in
contributing to its own survival particularly at times when the ewe would be moving to rejoin

or maintain contact with the flock.

The specific aim of this thesis was to develop objective methods of assessing neonatal lamb
vigour both soon after birth and later in the neonatal period (up to 12 hours of age). This was

done through a series of experiments examining:

1. The effect of late pregnancy nutrition on time to perform early lamb behaviours and
other lamb vigour measures (Chapter 4).

2. Differences between purebred and crossbred Merino lambs in time to perform early
lamb behaviours and behavioural responses during cold stress (Chapter 5).

3. Progeny from sires selected for differences in lamb loss and subsequent effects on
lamb behaviour (Chapter 6).

4. Novel methods for inducing cold stress to assess the behavioural responses of lambs

while under a physiological stress (Chapter 3).
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Chapter 3: Novel methods for inducing and measuring cold stress in

neonatal lambs

This chapter outlines a number of experimental techniques developed to induce
thermoregulatory responses in neonatal lambs and to measure the subsequent impact on
physiology and behaviour. The aims were to develop a method whereby lambs could be
exposed to cold in a uniform way without the need to isolate them from the ewe and at a
standard age and to subsequently measure the impact of the cold challenge on lamb

physiology and behaviour in the first 12 hours of life.

Section 3.1 outlines a method that assesses the timing of cold exposure within the first 12
hours of life on the physiological responses (rectal temperature and blood measures) of the
lamb. It uses a standard method of a noradrenaline challenge that has been used for many
years by many authors. This pilot study allowed the timing of the noradrenaline challenge for

the experiment outlined in Chapter 4 to be decided.

Section 3.2 outlines a novel way of assessing changes in body temperature following a
noradrenaline challenge. Infra red thermal imagery was used in this method and from this
pilot study it was decided to use thermal imaging to assess responses to cold in the

experiment reported in Chapter 5.

Section 3.3 outlines the use of an ice vest to induce cold stress in neonatal lambs. The vest is
worn by the lamb in the presence of the ewe for the desired amount of time to induce cold
stress. In this method the response to the ice vest was compared to the response to a

noradrenaline challenge. This method was used in the experiment reported in Chapter 5.
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Section 3.4 outlines a behavioural test that was developed to test the ability of the lamb to
respond to ewe vocalisations. This method was tested on Scottish Blackface and Suffolk
lambs at the Scottish Agricultural College. It was subsequently used to assess responses
following a cold challenge or under thermoneutral conditions in the experiments reported in

Chapters 5 and 6.

3.1 Timing of noradrenaline challenge in the first 12 hours of neonatal life does

not affect the thermoregulatory response of neonatal lambs

3.1.1 Introduction

Metabolism of brown adipose tissue (BAT) during cold exposure is essential for effective
thermoregulation in the neonatal lamb (Alexander and Williams 1968). On exposure to cold,
endogenous noradrenaline is released binding to receptors on BAT cells thereby inducing
non-shivering thermogenesis. Exogenous administration of noradrenaline has been used to
mimic cold exposure to induce a thermoregulatory response in lambs (Alexander 1969;
Cooper et al. 1976; Simpson and Slee 1988; Slee and Simpson 1991; Slee et al. 1987a;
Symonds et al. 2000; Thompson and Jenkinson 1968). Various methods of administration
and dose rates of exogenous noradrenaline have been used, however, a subcutaneous
injection at a rate of 150 pg/kg has been found to be the most efficient and effective means
(Slee et al. 1987a). The subsequent metabolic responses following an injection have been
measured using oxygen consumption and changes in rectal temperature (Simpson and Slee

1988; Slee et al. 1987a; Slee et al. 1987bh).
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Many of the previous studies using exogenous noradrenaline administration have used lambs
of a wide age range (0.5 hours to 30 days) (Alexander et al. 1970; Slee and Simpson 1991;
Thompson and Jenkinson 1968) or the age of the lambs has not been specified (Slee et al.
1987a). Alexander and Williams (1968) considered the age of lambs but looked at lambs
younger than one day old and then at various ages up until two months of age. Their results
showed that lambs less than one day old (12 hours) produced a temperature change response
to noradrenaline infusion while older lambs did not which corroborated the results of
Thompson and Jenkinson (1968). Similarly, Alexander et al. (1970) found that the increase
in oxygen consumption due to noradrenaline infusion declined rapidly with increasing age. It
is known that in lambs, BAT is replaced by white adipose tissue in the first few days of life
(Alexander 1978b; Gemmell et al. 1972) and therefore it was hypothesised that the timing of
exposure to exogenous noradrenaline in the first day of life may affect thermoregulatory
responses in neonatal lambs and that this change would be reflected in changes in plasma

glucose, free triiodothyronine (T3) and free thyroxine (T4) levels.

3.1.2 Materials and Methods
All procedures in this experiment were conducted with the approval of the University

of New England Animal Ethics Committee, AEC no. 08-096.

3121 Animals and management
Forty pregnant multiparous Merino ewes were randomly selected from a group of ewes that
had been oestrus synchronised for artificial insemination but were joined to Merino rams on
their second oestrus following synchronisation. These ewes were maintained on pasture

throughout pregnancy and were given supplementary triticale and corn grain every second
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day from day 120 at 100 g/ewe/feed. The ewes were brought into the animal house 145 days
after joining and held individually in pens 1.2m x 1m. Ewes were under constant
monitoring throughout their time in the animal house and remained there until their lambs
were 24 hours of age. Ewes were fed approximately 700 g of a triticale and corn grain mix

along with 300 g of lucerne chaff daily and ad libitum pasture hay.

3.1.2.2 Treatments

Three treatments and two controls were used in this experiment:

Treatment A: Noradrenaline injection at 3 and 12 hours of age (n=11).

Treatment B: Noradrenaline injection at 6 and 12 hours of age (n=10).

Treatment C: Noradrenaline injection at 12 hours of age only (n=10).

Control 1: Sham injection (no noradrenaline) at 3 hours of age (n=3).

Control 2: Sham injection (no noradrenaline) at 6 hours of age (n=3).

Lambs were allocated to treatment group sequentially as they were born to ensure each
treatment was applied over time. Controls were included at the end of the experiment and
were given a sham injection. Both single and twin lambs were used with twin siblings

allocated to different treatments.
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3.1.23 Measures and protocols
The precise time of birth was recorded for each lamb with birth defined as complete
expulsion of the lamb. Before 3 hours of age, the lamb was weighed and an iButton
(DS1921H with a range of 15°C — 46°C and resolution of 0.125°C) temperature logger was
inserted into the rectum of each lamb and secured in situ by fastening it to the tail. Rectal
temperatures were logged every minute until approximately 14 hours of age allowing
measurement of rectal temperature changes throughout the experiment without the need to

rehandle the lamb.

Lambs were given a 150 pg/kg birth weight subcutaneous injection of noradrenaline
(Levophed®) in the mid dorsal region according to treatment. Control lambs were given a
sham injection. Immediately prior to and half an hour after injection, all lambs had a 5 ml
blood sample taken via jugular venipuncture in lithium heparin vacutainers. Blood samples
were immediately centrifuged at 3000 rpm for 10 minutes, the plasma separated and

refrigerated. All plasma was frozen within 12 hours of collection.

Plasma was assayed for glucose, free T3 and free T4 levels. Glucose was tested using the
hexokinase-glucose-6-phosphate dehydrogenase method on the Dimension® clinical
chemistry system (DADE Behring). Free T3 and T4 were determined using a Siemens
competitive analog immunoassay on the IMMULITE® system. These are direct or single
test assays rather than equilibrium dialysis methods. Inter assay coefficients of variation

were <0.53%, <7.1% and <1.6% for glucose, free T3 and free T4 respectively.
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3.1.24 Statistical analysis
Data were analysed using PROC GLM and PROC MIXED in SAS. Treatment was the only
fixed effect and no covariates were included in the final model. All data were tested at
P<0.05 for significance. iButton data was sorted before analysis so the following information
was available for each lamb: basal rectal temperature, peak rectal temperature, time to peak,
time at peak, length of response (time of injection to time temperature reaches two standard

deviations above basal), slope and area under the response curve.

The response to the first noradrenaline challenge in each treatment was compared to
determine if the timing of the challenge was important. The first challenge in Treatment A
and B were also compared to the 12 hour treatment in each of those groups to determine if the
second response to noradrenaline differs due to prior challenge. The 12 hour challenge for

Treatments A, B and C were also compared to confirm this.

3.1.3 Results

Birth weight did not differ significantly across treatment groups (Table 3.1). Rectal
temperature parameters are shown in Table 3.1. When comparing the first noradrenaline
challenge across treatments a number of variables differed significantly. The two control
groups had a significantly shorter length of response compared to treatments A, B and C.
Time to reach peak and area under the response curve also differed significantly in the same
manner. Peak rectal temperature differed between treatment groups as shown in Table 3.1.
Peak rectal temperature was significantly (P<0.05) lower in the control groups compared to
treatment A, however it did not differ from treatment C. The 6 hr control had the lowest peak

rectal temperature which was significantly (P<0.05) lower than both Treatments A and B.
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Peak rectal temperature did not differ significantly (P<0.05) between the three noradrenaline

challenged groups.

At the 12 hour noradrenaline challenge, the time at peak was the only variable to differ
significantly (P<0.05, Table 3.2) between treatments and did not differ between Treatment A
and B but was significantly longer for Treatment C. Time to reach peak tended (P=0.09) to

be shorter for Treatment A compared to Treatment B but did not differ from C.

When comparing the first noradrenaline challenge to the second challenge in Treatments A
and B there were no significant (P<0.05) differences between treatments or between
challenge times (1 or 2) in any of the variables (Table 3.3). Peak rectal temperature tended to
differ between challenge times (P=0.09) and time to peak also approached significance

(P=0.06) between treatments.

3.13.1 Blood measures
Figure 3.1a shows the change in plasma glucose levels from the first noradrenaline challenge
across all treatments. There was no significant difference in glucose levels due to treatment
and the control groups did not differ with sampling time. Plasma glucose levels in all
treatments increased significantly following noradrenaline challenge. For free T3 and T4 at
the first noradrenaline challenge, there was no significant difference with sampling time but
there were significant treatment effects. Figure 3.1b shows that the two control groups did
not differ from each other but the 3hr control group had significantly higher free T3 levels

than treatments A, B or C. The 6 hr control group also tended to be higher but not
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significantly (P=0.06). The two control groups had significantly higher free T4 levels before

and after the noradrenaline challenge compared to treatments A, B and C (Figure 3.1c).

No significant differences were observed in plasma free T3 and free T4 levels before and
after the 12 hour noradrenaline challenge (Table 3.4) although free T3 levels tended to
decrease (P=0.07). However, plasma glucose concentration increased significantly (P<0.05)

following noradrenaline challenge.

Within treatments A and B, the change in blood plasma measures following noradrenaline
challenge differed significantly across the first and second challenge for glucose but not free
T3 or T4 (Table 3.5). The rise in glucose level following noradrenaline challenge was greater

following the first challenge than the second for both treatments.

51



Chapter 3: Novel methods for inducing and measuring cold stress in neonatal lambs

Table 3.1: Least square means and standard errors for iButton parameters for first noradrenaline challenge (A, B, C and controls).

Treatment
3hr control 6hr control A (3hr) B (6hr) C
n=3 n=3 n=7 n=8 n=3
Birth weight (kg) 4.8340.35 5.2+0.35 4.4340.18 4.43+0.19 4.240.19
Basal rectal temperature (°C) 38.79+0.18 38.65+0.18 38.68+0.12 38.5+0.11 38.59+0.18
Response cut off temperature (°C) 39.04+0.18 38.9+0.18 38.98+0.12 38.73+0.11 39.01+0.18
Length of response (mins) 11.67+12.39% 6+12.39° 68.71+8.11° 70.75+7.59" 57.67+12.39°
Peak rectal temperature (°C) 39.21+0.31% 38.88+0.31° 40.04+0.21° 39.91+0.19" 39.67+0.31%*
Time to reach peak (mins) 4.33+5.90° 4.00+5.90° 18.86+3.86" 26.75+3.61" 21.67+5.90"
Time spent at peak (mins) 4.67+3.86 4.67+3.86 6.86+2.53 10.25+2.36 12.67+3.86
Area under the response curve (°Cmin) 456.09+519.40% 252.73+636.10° 2721.65+320.40" 2782.60+340.03" 2619.59+519.41°
Slope of response curve (°C/min) 0.07+0.02 0.07+0.03 0.07+0.01 0.05+0.01 0.05+0.02

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 3.2: Least square means and standard errors for iButton parameters for the 12 hour noradrenaline challenge (A12hr, B12hr and C).

Treatment
A (12hr) B (12hr) C
n=8 n=8 n=3

Basal rectal temperature (°C) 38.75+0.12 38.58+0.12 38.59+0.19
Response cut off temperature (°C) 39.07+0.12 38.73+0.12 39.01+0.19
Length of response (mins) 45.63+11.62 78.5+11.62 57.67+18.97
Peak rectal temperature (°C) 39.71+0.24 39.69+0.24 39.67+0.39
Time to reach peak (mins) 19.75+2.88 29.13+2.88 21.67+4.71
Time spent at peak (mins) 3.38+1.36° 6.63+1.36° 12.67+2.22°
Area under the response curve (°Cmin) 2070.27+484.45 3087.06+484.45 2619.59+791.10
Slope of response curve (°C/min) 0.04+0.01 0.04+0.01 0.05+0.01

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 3.3: Least square means and standard errors for differences within treatments between challenge time (A and B).

Treatment

A3hr Al2hr Béhr B12hr

n=7 n==8 n==8 n=8
Length of response (mins) 68.06+10.78 45.66+10.13 70.75%£10.17 78.5+£10.17
Peak rectal temperature (°C) 40.02+0.21 39.75+0.20 39.91+0.21 39.69+0.21
Time to reach peak (mins) 18.87+3.70 20.38+3.48 26.75+3.50 29.13+3.50
Time at peak (mins) 6.85+2.32 3.37+2.17 10.25+2.17 6.63+2.17
Area under the response curve (°Cmin) 2661.36+435.04 2074.04+409.77 2782.6+412.58 3087.06+£412.58
Slope of response curve to peak (°C/min) 0.07+0.01 0.05+0.01 0.05+0.01 0.04+0.01

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 3.4: Least square means and standard errors for blood parameters at the 12 hour noradrenaline challenge for treatments A, B and C.

Al2hr B12hr C
Before After Before After Before After
n=11 n=11 n=10 n=10 n=10 n=9
Glucose (mmol/L) 8.98+0.93% 9.69+0.93" 9.54+0.98% 10.68+0.98° 9.12+0.98% 10.12+0.98°
Free T3 (pg/mL) 6.55+0.42 6.41+0.42 6.41+0.44 6.18+0.44 7.14+0.44 6.88+0.44
Free T4 (ng/dL) 1.84+0.13 1.83+0.13 1.57+0.13 1.55+0.13 1.8040.13 1.73+£0.13

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 3.5: Change in plasma free T3 and free T4 levels following noradrenaline challenge within treatment.

A3hr Al2hr B6hr B12hr

n=9 n=11 n=10 n=10
Glucose (mmol/L) 1.38+0.36% 0.71+0.33" 1.96+0.34% 1.14+0.34°
Free T3 (pg/mL) 0.075+0.21 -0.15+0.20 0.20+£0.23 -0.23+0.21
Free T4 (ng/dL) -0.05 + 0.057 -0.018 £ 0.054 -0.099 £ 0.06 -0.20 + 0.057

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Figure 3.1: Plasma glucose (a), free T3 (b) and free T4 (c) concentrations immediately
before (black bars) and 30 mins after (grey bars) the first noradrenaline challenge or sham

injection for control lambs. Error bars represent standard errors.
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3.1.4 Discussion

These results show that within the age range of 3 — 12 hours, lamb responses to a
noradrenaline challenge are similar. This confirms Alexander’s (1969) findings that all
lambs under a day old responded to adrenaline or noradrenaline injection even though age
within this period was not defined in his study. This also supports Eales and Small (1985)
who reported that lambs up to five hours of age did not differ in their ability to respond to a
cooling water bath as measured by respiratory quotient. It was expected that lamb responses
to noradrenaline would be more age sensitive with younger lambs (i.e. 3 hours of age) having
a greater response to injection than the older lambs in this study. This was not the case and
the results also confirm the findings of Slee and Simpson (1991) where a wide age range (3 —

29 hours) of lambs was used.

Previous exposure to noradrenaline also appears to have little effect on the ability of the lamb
to mount a response to a second noradrenaline challenge within the first day of life. This was
unexpected as it was thought that the lambs would have used some of their BAT reserves to
mount the first response and would therefore have limited stores available for the second
response. This may be reflected in the trend (P=0.06) for lambs to have a shorter time taken
to reach peak rectal temperature after the second challenge. Other authors have found similar
results in that multiple exposures to adrenaline or noradrenaline have continued to produce a
change in metabolic response as measured by oxygen consumption (Alexander and Mills
1968). Perhaps this level of noradrenaline challenge is not equivalent to a severe cold stress
in which BAT reserves would be depleted and the lamb would not be able to mount an
adequate subsequent thermogenic response. A comparison between physiological responses

to an actual cold stress and a noradrenaline challenge needs to be performed to test this.
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Plasma glucose concentrations increased following noradrenaline injection which was
expected (Alexander et al. 1968; Alexander and Mills 1968). However, the lack of an effect
on free T3 and T4 levels was not expected. It was thought that thyroid hormone levels would
increase following noradrenaline challenge as lambs exposed to cold have increased plasma
T3 and T4 levels (Wrutniak and Cabello 1989). However, other authors have reported that
delivery temperature can influence the thyroid response and therefore, the levels of
circulating thyroid hormones following various challenges (Symonds et al. 2000). In the
present study, the lambs had suckled prior to noradrenaline challenge and this may have
influenced thyroid hormone response. It has been reported that free fatty acids can influence
thyroid hormone levels and upon cold exposure can cause an initial decrease followed by an
increase in thyroid hormone concentrations (Wrutniak and Cabello 1989). This may mean
that the lambs in this study did have a change in thyroid hormone levels but blood samples
were taken when that change was less evident. Other authors have measured total thyroid
hormone levels rather than free thyroid hormones, however the pattern of change would not

be expected to differ for this reason (Wrutniak and Cabello 19873; b).

Control animals were measured at the end of the experimental period which may affect the
validity of their results as they were not randomly treated throughout the experimental
lambing period as animals in other treatments were. However, the lack of treatment
differences suggests this was not an issue. Free T3 and T4 levels were different in control
animals compared to treated animals prior to the noradrenaline challenge, however this was

not seen for glucose.
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It was concluded that the timing of noradrenaline injection was not critical with respect to the
thermoregulatory response in neonatal lambs less than 12 hours of age. However, changes in
blood parameters are not as consistent as rectal temperature changes. Plasma glucose
concentrations increase following noradrenaline injection but free T3 and T4 levels do not
appear to change and time of sampling may be important particularly for lambs that have
suckled milk. In light of these results, a noradrenaline challenge could be used at any age,

from 3 — 12 hours, to elicit a thermogenic response in neonatal lambs.

3.2 Changes in lamb body temperature can be detected using infrared thermal

Imaging technology

3.2.1 Introduction

Thermal imaging technology has been used for many biological applications such as
determining energy expenditure in pre-term infants (Adams et al. 2000), quantifying non-
shivering thermogenesis in field voles (Jackson et al. 2001), assessing huddling behaviour in
infant rats (Sokoloff and Blumberg 2001), measuring wing temperature in bats (Lancaster et
al. 1997) and assessing bruising in apples (Varith et al. 2003) with varying degrees of
success. Thermal imaging technology relies on radiated heat that can be measured in the
infrared region of the light spectrum (Clark et al. 2003) and is very useful for measuring
relative differences in temperature across an object. However, measures of absolute
temperature may be more difficult as more information regarding atmospheric temperature,

relative humidity and emissivity of the object are required.
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Thermal imaging has been used to detect changes in surface temperature in humans, both
adults and infants (Adams et al. 2000; Shuran and Nelson 1991) and other animals at various
ages (Jackson et al. 2001; Lancaster et al. 1997; McCafferty et al. 1998; Sokoloff and
Blumberg 2001) but its use has not been reported in neonatal lambs. Several authors (Adams
et al. 2000; McCafferty et al. 1998; Shuran and Nelson 1991) have compared thermal
imaging to quantify heat production/loss with other methods such as indirect calorimetry in
humans (Adams et al. 2000; Shuran and Nelson 1991) or standard equations for the particular
species under investigation (McCafferty et al. 1998). Collectively, they found thermal
imaging technology to be a useful way of measuring heat production. Of these studies, only
two specifically quantified heat production from brown adipose tissue (BAT), in neonatal rats
during huddling (Sokoloff and Blumberg 2001) and field voles following a noradrenaline
injection (Jackson et al. 2001). Measuring heat production from BAT provides a means of
assessing the thermoregulatory capacity of the animal which for the neonatal lamb is essential
for survival prior to suckling. These authors found that thermal imagery was useful in
measuring relative surface temperature changes but it was more difficult to attribute this to

BAT activity and to quantify this activity.

The major BAT depots in the neonatal lamb are in the pericardial and perirenal regions
(Everett-Hincks and Duncan 2008). However, subcutaneous fat in the shoulder and hind
limb regions is also functionally BAT (Trayhurn et al. 1993). Following cold exposure or
exogenous noradrenaline stimulation, lambs mobilise BAT to thermoregulate and it would be
expected that this extra heat production could be observed through surface temperature
changes of the lamb as well as metabolic measures (rectal temperature, oxygen consumption).
Jackson et al. (2001) showed that in field voles, the interscapular region where BAT was

found could easily be distinguished using infra red thermal technology. However, infra red
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temperature measurements were not found to be highly correlated with BAT activity as
measured by oxygen consumption following a noradrenaline challenge. A study by Adams et
al. (2000) in human infants found that infra red thermal technology could be used to
determine energy expenditure in a comparable way to indirect calorimetry but this study was

not specifically concerned with heat production from BAT.

In the current study it was hypothesised that thermal imaging could be used in lambs to
identify the areas of heat production associated with BAT metabolism following a
noradrenaline challenge and that surface temperatures would be correlated with rectal

temperatures.

3.2.2 Materials and Methods
This experiment was conducted, as part of another experiment reported in Chapter 4 (pp 94),
with the approval of the CSIRO FD McMaster Laboratory, Chiswick, Animal Ethics

Committee, AEC No0.08/11.

Single (n=11) and twin (n=8) Merino lambs were used in this experiment. At 6 hours of age,
each lamb was subjected to a noradrenaline challenge at a dose of 150 pg/kg birth weight
injected subcutaneously into the mid dorsal region. Immediately prior to and half an hour
after the challenge, a dorsal thermal image was taken. Rectal temperatures were measured
during the noradrenaline challenge using a temperature logger (iButton®) inserted into the

rectum at 5.5 hours of age and removed at 8 hours of age.
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Thermal images were taken using an infrared thermal camera (ThermaCAM™, FLIR
systems) mounted on a frame with a fixed focal length (135 cm) between it and the lamb.
Lambs were placed ventrally in a cradle with their legs restrained through holes in the base of
the cradle to maintain a fixed position relative to the camera. Ambient temperature and

relative humidity were recorded when an image was taken.

Images were analysed using ThermaCAM Researcher Professional software (FLIR systems).
Images were adjusted for temperature, humidity and distance from camera assuming an
emissivity of 0.96 (Porter and Gates 1969). Following adjustment, the maximum temperature
for each image and the relative location (neck, shoulder, mid section, rump) of the maximum
surface temperature, assessed visually, was recorded. A dorsal temperature profile of the
lamb from shoulder to rump just to the right of the midline was plotted and the area under the

curve calculated (Plate 3.1). The difference in area under the curve before and after the

noradrenaline challenge was then determined for analysis.

KR

Plate 3.1: Lamb before noradrenaline injection on the left and following noradrenaline

injection on the right. The lines show where the profile from shoulder to rump was taken.
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All data were checked for normality prior to analysis. Analysis was carried out using PROC
GLM and PROC MIXED in SAS using litter size as a fixed effect and nutrition treatment as a
covariate (see statistical analysis section in Chapter 4, pp. 99, for more detail). PROC CORR
was used to determine Pearson’s correlation coefficients between maximum surface

temperature and rectal temperature.

3.2.3 Results

There was a significant (P<0.05) increase in the maximum surface temperature following
noradrenaline injection for both single and twin lambs (Figure 3.2a). In 71% of cases, the
highest temperature was observed over the shoulder region. For 23% and 6% of the lambs,
the highest temperature was found over the neck and mid-dorsal regions, respectively.
Maximum surface temperature and the difference in area under the temperature curve did not
differ significantly due to litter size although singles tended to have higher temperatures than

twins (P=0.09).

There was a positive correlation (Pearson’s correlation coefficient=0.54, P<0.001) between
maximum surface temperature and rectal temperature before and after noradrenaline
challenge. Rectal temperature increased following the noradrenaline challenge and differed
(P<0.05) between singles and twins (Figure 3.2b) with lower rectal temperatures and a

smaller response observed in twin lambs.
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Figure 3.2: Increase in maximum surface temperature (a) and rectal temperature (b) for
single and twin lambs following noradrenaline challenge (black bars are immediately before
noradrenaline challenge and grey bars are 30 mins after the challenge). Error bars represent

standard errors and asterisks indicate means that differ significantly (P<0.05).

3.2.4 Discussion

From this study, it appears that infra red thermal technology could be used to show the
relative areas of heat production in neonatal lambs. However, using this technology to
quantify heat production due to BAT metabolism remains more challenging (Jackson et al.
2001). Although there was an increase in the maximum surface temperature of the lamb and
the area under the curve following noradrenaline challenge, we did not attempt to quantify
the activity of BAT. Adams et al. (2000) were able to quantify energy expenditure in human

infants but did not partition this into heat produced by BAT.
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In the majority of cases, the maximum temperature was identified in the shoulder region of
the lamb. It was expected that this may have occurred in the lumbar region as the underlying
perirenal fat depot is one of the major sources of BAT. However, it is possible that as the
subcutaneous fat depot in the shoulder is closer to the surface, it may be more easily
identified using this technique than a deeper depot. Noradrenaline injections were given in
the shoulder region therefore, this could have been a localised effect associated with
injection. The pericardial region is also a major BAT depot however, it was expected that
this depot would be too deep in the body to be readily seen through infra red imaging. In
neonatal lambs, pericardial fat is used first (Macfarlan 1965 cited in Everett-Hincks and
Duncan 2008) so the high temperature in the shoulder region may be due to this fat depot not

just subcutaneous catabolism of BAT.

The moderate correlation between rectal temperature and maximum surface temperature
suggests that infra red thermal imaging technology may be useful in determining a metabolic
response. There was a trend suggesting single lambs had higher maximum surface
temperatures compared with twin lambs; however, the fact that there was a significant
difference in rectal temperatures due to litter size may suggest that rectal temperatures are a
more sensitive measure of metabolic response compared to surface temperature
measurements. The data set used was very small which may account for the lack of a

significant difference in surface temperature.
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This experiment has shown that infra red thermal technology was useful in identifying areas
of heat production in the neonatal lamb. However, further work on a larger data set is needed
to determine if this can be quantified as a measure of BAT metabolism. For future use of this
method it is recommended that a number of changes to improve the accuracy of this
technique should be implemented. These include greater restraint of the lambs to achieve
more consistently shaped images across lambs and imaging times to allow images to be
overlayed and differences to be assessed more easily. As such, this method of assessing
changes in lamb body temperatures during a cold challenge was used again in the experiment

reported in Chapter 5.

3.3 Anice vest can be used to elicit a cold response in neonatal lambs

3.3.1 Introduction

Cold responses in neonatal lambs have been the focus of much research work. Various
methods to induce cold responses have been used including cooling water baths (Slee et al.
1990), temperature controlled chambers (Alexander 1962c; Kerslake et al. 2009), natural
weather conditions and a range of pharmacological treatments such as noradrenaline and
isoprenaline (Slee et al. 1987a). A number of methods have been applied to measure the
responses including changes in rectal temperature, open circuit calorimetry, quantifying
changes in blood metabolites and behavioural changes. Most of these methods require the
lamb to be away from the ewe during testing resulting in a possible confounding of stress
induced by separation with the stress induced by exposure to cold. To reduce issues with
disrupting the ewe-lamb bond, these methods may not be used until the lamb has at least
suckled (Slee et al. 1987a; Slee and Stott 1986) or is older, often up to a number of days old

(Kerslake et al. 2009). During this time, it would be expected that the activity and volume of
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brown adipose tissue would be reduced as it changes to white adipose tissue (Gemmell et al.
1972). Therefore, the responses measured may not be an accurate reflection of the ability of

the lamb to respond to cold in the critical early neonatal period (i.e. <3 h post-partum).

The lamb needs to be able to respond to cold in this period not only to survive but also to be
able to respond to the ewe in such a way as to maintain contact as she moves away from the
birth site. Movement away from the birth site in Merinos has usually occurred before the
lamb is 6 hours of age (Murphy et al. 1994b) and consequently it is important to know how

lambs younger than 6 hours respond to cold exposure.

The pharmacological methods that have been used previously allow the lamb to remain with
the ewe and can be administered at an early age without disrupting the ewe-lamb bond.
Although these methods stimulate brown adipose tissue metabolism they may not provide an

accurate reflection of the effect of a real cold exposure on non-shivering thermogenesis.

A method to test a neonatal lamb’s (<12 hours of age) cold response while still in the
presence of the ewe and using actual cold rather than a simulated exposure is required. It was
hypothesised that fitting a neonatal lamb with an ice vest may be such a method. It was also
hypothesised that this cold challenge would produce a different rectal temperature response to

a noradrenaline challenge.

3.3.2 Materials and Methods
All procedures were carried out with the approval of the University of New England Animal

Ethics Committee, AEC no. 09/116.
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3.3.21 Animals
Forty pregnant multiparous Merino ewes, at approximately 143 days gestation and joined to
Merino sires, were sourced from the Sheep CRC information nucleus flock (INF) (van der
Werf et al. 2010) in Armidale and housed in individual pens (approximately 1.2 m x 1.2 m)
until 1 day post-partum. Ewes were fed 1.4 kgDM/ewe/day of a mixed ration of corn,
cottonseed meal pellets (43% crude protein) and lucerne based animal house pellets
(9.04 MIME/kg, 16.2% crude protein) along with ad libitum lucerne hay while in the animal
house. Straw bedding was provided for the ewes. Ewes were under constant video
monitoring so an accurate time of birth could be determined. Minor assistance during

parturition was provided for one ewe only.

Following birth, ewes and lambs were not disturbed until the lamb was at least 3 hours of
age. Between 3 and 6 hours of age, each lamb had a temperature logger inserted rectally
(Star-Oddi DST centi®) and underwent a behavioural test (see below). An ice vest (similar
to a small dog coat but with an ice pack inside, see Plate 3.2) was then placed on the lamb for
either 0, 10, 20 or 30 minutes and the lamb was put back in the pen with the ewe. Lambs in
the O minute treatment group had the vest on for 20 minutes however there was no ice pack
inserted. Ten lambs were used for each treatment. After the appropriate time, the ice vest
was removed and a second behavioural test performed. The temperature logger remained in
the lamb for at least an hour after vest removal. At this time the lamb had further
measurements taken for the INF data collection (see Brien et al. 2009) including birth weight,
crown rump length, birth coat score etc. Ewes and lambs were left undisturbed until the lamb
was 12 hours of age. At 12 hours, a temperature logger was again inserted rectally and a
behavioural test performed. A noradrenaline injection (150 pug/kg birth weight) was

administered and the lamb placed back with the ewe. Half an hour following injection, a
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final behavioural test was performed. The temperature logger was removed one hour after
the final behavioural test. Ewes and lambs remained in the animal house until the lamb was

at least 24 hours of age when they were released into a small paddock surrounding the animal

house for further monitoring according to the INF protocol (Brien et al. 2009).

Plate 3.2: Lamb wearing ice vest (a) and ice vest components (b).

3.3.2.2 Behavioural test
The behavioural test arena, as shown in Figure 3.3, consisted of a short race (4 m) with a
small release pen midway along the race. The arena was made of sheep panels covered in
hessian so the lamb could not be distracted by movement outside the race. Lambs were
placed standing up in the release pen and an audio recording, of a recently lambed ewe (not
related to the lamb) bleating was played from one end of the race. The end of the race that
the audio cue was played from was alternated between tests. The lamb was given 90 seconds
to respond to this audio cue. Responses were recorded using a number of classifications as
outlined below.
Classification 1: Lamb responds — Yes/No (may be either vocal or movement)
If yes:
Classification 2: Type of response — VVocal/Movement

If movement:

67



Chapter 3: Novel methods for inducing and measuring cold stress in neonatal lambs

Classification 3: Sensible or non sensible movement. For example, sensible would be
moving towards the audio cue whereas non sensible would be moving away from the sound
or up and down the race.

dm race

Release pen

Figure 3.3: Behavioural test arena

3.3.2.3 Statistical Analysis
The rectal temperature (RT) response curves were used to calculate basal RT (30 minutes
prior to treatment), peak RT, time to peak RT, area under the curve, length of response (start
of ice vest treatment to time to reach two standard deviations above basal RT), slope to peak
RT and difference between peak and basal RT. Data were analysed to determine differences
between ice vest treatments and differences between ice vest and noradrenaline challenge
using PROC GLM in SAS. Two analyses were run, one using treatment (0, 10, 20 or 30
minutes) as a fixed effect to examine differences between ice vest treatments and the effect of
prior treatment on response to noradrenaline. The second analysis used treatment and
noradrenaline challenge (present or not present) and their interaction as fixed effects to

examine the difference between the ice vest challenge and the noradrenaline challenge in
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rectal temperature response curves. Birth weight did not differ significantly between

treatment groups (P<0.05) so was not included in the final model.

Time may be confounded in this analysis as the noradrenaline injection was only
administered to lambs at 12 hours rather than at 3 hours of age when the ice vest was used.
However, the results from a prior study (Section 3.1, pp. 45) showed that the temperature
responses to a noradrenaline challenge at 12 hours of age were similar to those observed at 3

or 6 hours of age. Therefore, an injection at 12 hours only was used.

The behavioural test data were not analysed as the tests were carried out in the same animal
house that the ewes were housed in. This resulted in too much vocal interference from the
ewes to obtain meaningful information. The behaviour test did however contribute to
changes in rectal temperature responses due to handling stress so was accounted for when

calculating rectal temperature response curve parameters.

3.3.3 Results

Birth weight did not differ between treatment groups. Table 3.6 shows least square means for
the parameters derived from the rectal temperature response curves (Figure 3.4). Basal and
peak rectal temperature, slope of the response curve and time to reach peak rectal temperature
did not differ significantly (P>0.05) due to treatment group. Length of response, area under
the curve and difference between peak and basal rectal temperature all differed significantly
due to treatment group. The 20 minute treatment group had the longest length of response
and greatest area under the curve and differed from the control and 10 minute group. The
control group had a significantly lower difference between peak and basal rectal temperature

compared to the three cold treatments. There were no differences between treatment groups
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for any of the rectal temperature response curves during the noradrenaline challenge (Table

3.6).

When rectal temperature response parameters were compared for the ice vest and the
noradrenaline challenges there were significant differences (P<0.05) in the length of
response, peak rectal temperature, area under the curve, time to peak, slope and difference
between peak and basal rectal temperature (Table 3.7). All these parameters except slope
were greater for the noradrenaline challenge than the ice vest challenge. The treatment by
noradrenaline challenge interaction was not significant for any of the rectal temperature

response curve parameters.

3.3.4 Discussion

Using an ice vest to induce a cold response appears to have some merit and overcomes the
issue of separation stress and the use of simulated cold exposure. Although some separation
stress is still likely while the vest is fitted, this effect is probably much less than other
methods of inducing cold stress such as cold water baths. The presence of an ice vest, even
for 10 minutes, was enough to create a difference in rectal temperature when compared to
control animals. In this study, 20 minutes appeared to be the optimal length of exposure as
this was enough time to significantly increase the area under the curve and the length of
response. However, the method for estimating the length of the thermogenic response (time
to reach temperature > two standard deviations above basal rectal temperature) may have
influenced this result. The drop in rectal temperature, by more than two standard deviations
below the mean, while the vest was still on the animals in the 30 minute treatment may have
been a reflection of continuing cold stress rather than in recovery from cold stress and

equilibration back to basal temperature.
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Table 3.6: Least square means for rectal temperature response curve parameters for ice vest challenge and noradrenaline challenge across the

four ice vest treatments.

Treatment

0 min 10 min 20 min 30 min

n=10 n=10 n=10 n=10
Birth weight (kg) 4.45+0.29 4.4040.29 3.97+0.29 4.3440.29
Ice vest challenge
Basal RT (°C) 39.1740.09 39.11+0.09 39.14+0.09 39.0740.09
Length of response (min) 29.80+3.25% 26.40+3.25° 39.60+3.25" 32.90+3.25%
Peak RT (°C) 39.63+0.11 39.84+0.11 39.86+0.11 39.84+0.11
Time to peak (min) 8.00£1.42 10.00+1.42 9.40+1.42 10.00£1.42
Area under curve (°Cmin) 1136.54+129.14*  1006.25+129.14%  1530.38+129.14" 1265.35+129.14%
Slope from basal to peak RT (°C/min) 0.12+0.03 0.13+0.03 0.12+0.03 0.08+0.03
Difference between peak and basal RT (°C) 0.4620.06° 0.73+0.06" 0.72+0.06" 0.77+0.06"
Noradrenaline challenge n=9 n=10 n=10 n=10
Basal RT (°C) 39.29+0.13 39.13+0.12 39.20+0.12 39.13+0.12
Length of response (min) 57.56+5.17 55.80+4.9 57.50+4.9 68.20+4.9
Peak RT (°C) 40.2040.13 40.0840.12 40.1340.12 40.4240.12
Time to peak (min) 24.67+2.96 22.00+2.80 28.20+2.80 30.60+2.80
Area under curve (°Cmin) 2254.09+208.85  2181.12+198.13  2252.04+198.13  2688.87+198.13
Slope from basal to peak RT (°C/min) 0.04+0.01 0.05+0.01 0.03+0.01 0.04+0.01
Difference between peak and basal RT (°C) 0.91+0.14 0.95+0.13 0.93+0.13 1.29+0.13

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 3.7: Least square means for rectal temperature response curve parameter for the ice vest challenge and
the noradrenaline challenge.

Ice vest challenge Noradrenaline challenge

n=40 n=39
Basal rectal temperature (°C) 39.12+0.05 39.19+0.05
Peak rectal temperature (°C) 39.79+0.06% 40.21+0.06"
Time to peak (min) 9.40+1.10% 26.40+1.10°
Length of response (min) 32.20+2.10° 59.80+2.10°
Area under the rectal temperature response curve (°Cmin) 1234.63+84.70° 2343.50+85.70°
Slope from start of challenge to peak (°C/min) 0.11+0.01% 0.04%0.01°
Difference between peak and basal rectal temperature (°C) 0.67+0.05% 1.02+0.05°

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Figure 3.4: Rectal temperature response curve for a) ice vest challenge and b) noradrenaline

challenge.

From this experiment, the use of a noradrenaline challenge does not appear to produce the
same response as an ice vest with the noradrenaline challenge resulting in a much larger
change in rectal temperature. Peak rectal temperature, the length of response and the area
under the curve all increased following a noradrenaline challenge compared to the ice vest
challenge. This larger response to the noradrenaline challenge may be due to the dosage used
which may be higher than that produced by the lamb during cold stress. However, the
differences seen between the ice vest and the noradrenaline challenges need to be treated with
some caution as there was a 9 h age difference between the cold challenge and the

noradrenaline challenge.

It appears as though prior cold exposure may influence the response to a noradrenaline
challenge as the lambs in the 30 minute treatment had a higher area under the curve and peak

rectal temperature although these were not significant when compared to the other treatments.
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However, the lack of an interaction between treatment and noradrenaline challenge for any of
the parameters measured suggests that prior treatment does not influence the response to

noradrenaline challenge.

The length of time the vest was on may need to be extended to get a true test of a lamb’s
response to a cold stress. Slee et al. (1990) used a cooling water bath to test thermogenic
responses to cold challenges and showed a general pattern in rectal temperature response
where there was an initial increase to a peak and then a gradual decline. The basal rectal
temperature reached plateau for a short time followed by a rapid decline before reaching a
critical temperature (<35°C) when the challenge was terminated. In the current experiment,
no lamb reached their basal rectal temperature while the ice vest was on suggesting a longer
time of exposure was needed to actually test the lamb’s ability to respond to a cold stress and

to reach critical temperature.

There was no difference seen in the time to reach peak rectal temperature or the slope to peak
during the ice vest challenge. This suggests that the initial response to a cold challenge was
not a useful way of measuring the capacity of the lamb to respond to a cold challenge. A
more useful measure may be how long the lamb can maintain basal rectal temperature under

a prolonged cold challenge.

The behavioural test produced a second small peak for all treatment groups. From Figure 3.4,
the second peak for the control group is the same as the first peak suggesting that the change
in rectal temperature response curve for the control group may be due to the stress of

separation from the ewe and the handling required for the behavioural test.
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The behavioural test did not appear to produce consistent results probably due to the
proximity of the test race to the ewe. Consequently, the behavioural test data was not
analysed. The audio cue and the bleating of the lambs often induced a vocal response from
the ewes regardless of whether it was their lamb undertaking the test. This caused confusion
for the lambs leading to spurious results for this test. The age of the lambs during the test
may also have influenced the results of this test. Much of the work on the ability of the lamb
to discriminate its mother from an alien ewe has used lambs of 12 hours and older (Nowak et
al. 1989; Sebe et al. 2007) with most lambs performing best at >18 hours (Nowak et al.
1989). There does not appear to be any evidence of the successful use of traditional
discrimination tests in lambs younger than 12 hours of age. The lambs in this experiment
were between 3 and 6 hours of age at the first test and 12 hours of age at the second. The use
of a standard audio cue may also have impacted on these results. Some lambs may not have
responded to this as readily as that of their own mother bleating or once again may have been
able to hear their mother bleating in another part of the animal house so did not respond to the

Ccue.

The use of an ice vest appears to be a valid method of inducing a cold response in neonatal
lambs. However, more work is needed on how to prolong this response to measure a lamb’s
ability to maintain body temperature under prolonged cold stress. The results of the present
experiment suggest that the use of noradrenaline to simulate cold exposure may not be testing
the same response as a real cold challenge as it produces a different rectal temperature
response curve compared to the ice vest. In light of these results, ice vests were used for an
extended period of time (1 hour) to induce cold stress in neonatal lambs in the experiment

outlined in Chapter 5.
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3.4 A modified barrier test can be used to assess breed differences in lamb

vigour

3.4.1 Introduction

Various methods of measuring lamb vigour and the ability of lambs to respond to the ewe in
the first few days of life have been developed. These include time to progress through a
series of critical early behaviours (Dwyer 2003; Slee and Springbett 1986) and behavioural
tests such as discrimination tests (Bickell et al. 2009; Nowak and Lindsay 1992; Nowak et al.
1987; Sebe et al. 2007). Measuring early behaviours requires intensive observations over a
period of a number of hours which may be difficult or impractical to do in many situations
(eg. at night within extensive environments). Discrimination tests are often performed when
the lamb is 12 hours of age up until 72 hours of age (Bickell et al. 2009; Nowak and Lindsay
1990). Attempts to apply these at younger ages (< 12 hours of age) have generally not been
successful (Nowak et al. 1987) and for some breeds, such as Suffolks, poor results in the test
have been observed up until 24 hours of age (Coombs and Dwyer 2008; Pickup and Dwyer

2001).

Pfister et al. (2006b) used a barrier test to determine differences in the performance of lambs
from ewes either fed or not fed locoweed during gestation. For this test, lambs were placed
behind a mesh barrier 2 m from their penned dam and were allowed 90 seconds to move to
her. Pfister et al. (2006b) found that lambs from ewes fed locoweed performed poorly in the
test compared to control lambs. They were much slower to move past the barrier and reach

the dam and were less likely to actually reach the ewe.

An adaptation of this test, where the ewe is replaced by a model ewe and a standardised audio

cue, may be an alternative way of measuring early vigour in neonatal lambs. Replacement of
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the ewe with a model would have the advantage of providing a standard stimulus for the lamb
so that the focus would be on how the lamb responds without the confounding effect of

differences in the expression and intensity of ewe behaviours.

Vigour differences between Scottish Blackface and Suffolk lambs have been well
documented by Dwyer and her colleagues (Dwyer et al. 2005; Dwyer and Lawrence 2000;
Dwyer et al. 1996). Scottish Blackface lambs are more vigorous than Suffolk lambs as
measured by time to perform neonatal behaviours and their performance in discrimination
tests in the first few days after birth (Coombs and Dwyer 2008; Dwyer 2003; Pickup and
Dwyer 2001). Due to these neonatal differences, these breeds provide an ideal model to

assess the usefulness of an adapted barrier test as a measure of early lamb vigour.

The aim of this experiment was to determine if Scottish Blackface lambs and Suffolk lambs
differed in their ability to perform a barrier test and whether the age of the lamb influenced
this performance. It was hypothesised that Scottish Blackface lambs would perform better
than Suffolk lambs and that there would be an improvement in the response of lambs with

increasing age.

3.4.2 Materials and Methods

This experiment was conducted at the Scottish Agriculture College’s Woodhouselee Farm as
part of a broader lamb vigour experiment. Experiments were conducted under a licence
granted under the Animal Scientific Procedures (1986) Act, licence no. PPL 60/4081. The
entire experimental protocol was reviewed and approved by the SAC Animal Experiments

and Ethics Committee.
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34.2.1 Protocols and measures
Fifty-six Blackface (B) lambs and twenty-seven Suffolk (S) lambs were used in this
experiment. Single (B n=10; S n=9), twin (B n=26; S n=12) and triplet lambs (B n=9; S n=6)
were used. At 4 and 10 hours of age, each lamb was tested in a modified barrier test as
shown in Figure 3.5 and Plate 3.2. Prior to the 4 h test lambs had been under intensive
observation to record time to perform early behaviours and had rectal temperature recorded
and were moved into an individual pen with their mother. Between the 4 and 10 h tests
lambs were generally left undisturbed. The test took place in a separate building to where
ewes and lambs were housed so there was no visual or auditory contact with other ewes or
lambs. The test consisted of a trapezoid arena with a semi-circular, wire mesh barrier at the
narrow end and a model ewe 2.5 m from the barrier, at the wide end. Lambs were placed
behind the wire mesh barrier and allowed 3 minutes to reach the model ewe. The audio cue,
of a Blackface and Suffolk ewe bleating alternately, was played from the model ewe at a
volume equivalent to normal ewe bleating in the shed environment. The ewe bleats used
were not the mothers of any lambs in the study and the bleats were high pitched bleats of
ewes responding to the separation of their lambs. The floor of the arena was marked with a
0.5m grid. Video footage of the lambs in the arena was recorded and the following

information was obtained:

1. Time to reach the ewe

2. Number of bleats

3. Bleat score — 1. No bleats, 2. Some bleats but usually quiet and 3. Loud continuous
bleating

4. Number of grids crossed
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5. Linear movement score - 0. Stays behind barrier, 1. Moves past barrier <0.5 m, 2.
0.5m —1 m past barrier, 3. 1.5 m past barrier, 4. 1.5 — 2 m past barrier and 5. Reaches
ewe

6. Overall score (defined in Table 3.8):

Table 3.8: Definitions for overall score in the modified barrier test.

Score Description

0 Sits, does not bleat or move, is not alert

1 Standing still, may look around and bleat occasionally

2 Circles behind barrier, bleats occasionally, may move but not towards ewe or in a

sensible manner

Lamb actively trying to get past barrier, bleating frequently, alert
Moves past barrier towards ewe, bleating frequently, alert
Reaches ewe, bleating frequently, alert

o1~ w

3.4.2.2 Statistical Analysis
Data were analysed using SAS (version 9.1.3). PROC FREQ was used to determine any
differences in the proportion of lambs reaching the ewe due to breed (Suffolk or Blackface),
test time (4 or 10 hours) or litter size (single, twin or triplet). PROC GLM was used to
determine differences in the time to reach the ewe, number of bleats before reaching the ewe,
bleat rate (bleats/s) and the number of grids crossed to reach the ewe with breed, test time and
litter size included as fixed effects. PROC GLM was used to determine differences in the
total number of bleats in the three minute test period, number of bleats to the end of the test
(where the end was defined as the lamb reaching the ewe or 3 minutes whichever occurred
first), bleat rate, total number of moves in the three minute test period, number of moves to
the end of the test, movement rate, linear movement score and overall score with breed, test,
litter size and to-ewe (yes or no if the lamb did or did not reach the ewe, respectively) as
fixed effects. Birth weight was included as a covariate. Correlations between overall barrier
test score and time to perform early behaviours were calculated using PROC CORR to
determine Pearson’s correlation coefficients with 95% confidence intervals. Only the
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behaviours: time to shake head, reach knees, attempt to stand, stand and reach the udder
were used as there was not enough data available on time to unsuccessfully or successfully
suckle for calculation of correlations. For more detailed information on how these

behaviours were recorded and defined see Dwyer et al. (1996; 2008).

Plate 3.3: Modified barrier test arena with Suffolk lamb undergoing test.
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Figure 3.5: Schematic of modified barrier test arena showing position of lamb in relation to

model ewe and the grid system.
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3.4.3 Results

A significantly (P<0.05) greater proportion of Blackface lambs reached the ewe than Suffolk
lambs (25.4% vs. 8.5%, respectively). The proportion of lambs reaching the ewe did not
differ due to test time (4 hour: 14.8%, 10 hour: 19.0%, P>0.05) or litter size (single: 9.2%,
twin: 19.0%, triplet: 5.6%, P>0.05). Blackface lambs were significantly (P<0.001) lighter
than Suffolk lambs (4.3+0.1kg and 5.1+0.2kg, respectively) and birth weight differed across
litter sizes with single lambs being heavier than twins and triplets within breeds (Blackface:
single: 4.9+0.2kg, twin: 4.1+0.2kg and triplet: 3.6+£0.3kg; Suffolk: single: 5.7+0.2 kg, twin:
4.6£0.2 kg and triplet: 5.0+0.3 kg, P<0.001). There was no significant difference in birth

weight between twin and triplet lambs.

Of the lambs that reached the ewe, the time taken was significantly faster at 10 h compared to
4 h (P<0.05, Table 3.9). Lambs also bleated less at the 10 h test compared to the earlier test
(P<0.01, Table 3.9) and triplet lambs bleated significantly more than single and twin lambs
across both tests (P<0.01, Table 3.9). However, there was no significant (P>0.05) difference
in the rate of bleats between test times. There was no significant (P>0.05) difference in the
number of moves taken to reach the ewe between the two test times and the time taken to
reach the ewe, bleat rate and moves to the ewe did not differ significantly due to litter size or

breed (P>0.05, Table 3.9). The number of bleats did not differ due to breed.

Table 3.10 and Table 3.11 show the results for all lambs for the other variables measured.
The number of bleats to the end of the test tended to differ (P=0.08) due to test time. Lambs
that reached the ewe bleated significantly (P<0.01) more than lambs that did not reach the
ewe over the three minute test period. The number of grids crossed to the end of the test

differed significantly due to breed (P<0.001) and whether or not the lamb reached the ewe;
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the Blackface lambs took more moves to reach the ewe. Lambs that did not reach the ewe
crossed significantly less grids than those that successfully reached the ewe (P<0.001) and
there was a significant test time x to-ewe (whether or not the lamb reached the ewe)
interaction for the total number of grids crossed in the three minute test period (Figure 3.6,
P<0.001). The total number of grids crossed also differed significantly due to litter size with
single lambs crossing less grids than twin or triplet lambs (P<0.001,Table 3.11). Blackface
lambs crossed significantly more grids than Suffolk lambs (P<0.001, Table 3.10) and more
grids were crossed at the 10 h test than the 4 h test (P<0.001, Table 3.10). The linear
movement score only differed due to whether or not the lamb reached the ewe with lambs
reaching the ewe having a higher score (P<0.001,Table 3.11). The rate at which the lambs
crossed grids differed significantly between breeds, test times and whether the lamb reached
the ewe (P<0.001, Table 3.10 & Table 3.11). Suffolk lambs moved slower than Blackface
lambs. Lambs in the 4 h test moved slower than at the 10 h test and lambs that reached the
ewe moved more quickly than those that did not. For the overall score, there was a
significant breed x to-ewe interaction (Figure 3.7, P<0.001) and overall score also differed
due to breed, litter size and whether the lamb reached the ewe (P<0.001, Table 3.10 & Table
3.11). Blackface lambs had a higher score than Suffolk (Table 3.10) lambs and triplet lambs
had a higher score than single lambs, but twin lambs did not differ from either single or triplet

lambs (Table 3.11).

Correlations between overall score and time to perform early critical behaviours (up to time
to reach the udder) are shown in Table 3.12. At the 4 h test, there were very low correlations
between overall score and behaviours. However, at the 10 h test, there were moderate

favourable correlations between overall score and time to stand and reach the udder which
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approached significance (P=0.06 and 0.08, respectively). No other correlations were

significant.

35
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Reached ewe

Figure 3.6: Interaction between test time and whether the lamb reached the ewe for the total
number of grids crossed in the three minute test period. Error bars represent standard errors

and asterisks indicate means that differ significantly (P<0.05).
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Figure 3.7: Interaction between breed and whether the lamb reached the ewe for the overall
test score. Error bars represent standard errors and asterisks indicate means that differ

significantly (P<0.05).
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Table 3.9: Least square means and standard errors (n) for time, number of bleats and grids crossed to reach the ewe for those lambs that reached

the ewe.
Breed Test time Litter size
Blackface Suffolk 4 hour 10 hour Single Twin Triplet
Time to reach ewe (s) 113.42+11.57 (32)  126.38+17.18 (11) 150.94+15.25% (20)  88.87+13.09° (23) 100.83+17.81 (12)  98.59+12.73 (23) 160.29+27.96 (8)
No. bleats to ewe 37.32+4.08 (33) 46.09+6.09 (11) 51.63+5.59% (17) 31.79+4.41° (26) 33.2446.27° (11) 32.94+4.22% (25)  58.95+9.78" (8)
Bleat rate (bleats/s) 0.37+0.04 (33) 0.41+0.06 (11) 0.36+0.06 (17) 0.42+0.05 (26) 0.39+0.07 (10) 0.39+0.05 (22) 0.40+0.10 (8)
No. grids crossed to ewe 13.81+1.32 (35) 13.25+2.01 (12) 14.02+1.81 (19) 13.04+1.49 (27) 11.48+2.03 (13) 10.61+1.37 (26) 18.50+3.37 (8)

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 3.10: Least square means and standard errors (n) for differences in barrier test measures across all lambs for breed and test time.

Breed Test time
Blackface Suffolk 4 hour 10 hour
No. bleats (test ends when lamb reaches ewe) 40.36%£3.36 (85)  33.93+4.29 (45) 42.67+3.80 (66) 31.62+3.58 (64)
No. bleats in 3 minute period 52.8243.51 (85)  44.89+4.48 (45) 52.79+3.97 (66)  44.89+3.74 (64)
Bleat rate to end of test (bleats/s) 0.33+0.02 (81) 0.28+0.03 (44) 0.31+0.02 (65) 0.30+0.02 (60)
No. grids crossed (test ends when lamb reaches ewe) ~ 11.33+0.87%(88)  6.64+1.01° (54) 8.19+0.91 (72) 9.79+0.87 (70)
No. grids crossed in 3 min 17.87+1.09° (87) 10.97+1.32° (54) 11.24+1.27%(72)  17.59+1.15" (69)
Rate of movement (no. grids/s) 0.11+0.01% (84) 0.07+0.01° (53) 0.07+0.01% (72) 0.12+0.01" (66)
Linear movement score 2.88+0.13 (88) 2.58+0.16 (54) 2.66+0.15 (72) 2.79+0.14 (70)
Overall score 3.87+0.10* (88)  3.32+0.13" (54) 3.55+0.11 (72) 3.65+0.11 (70)

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 3.11: Least square means and standard errors (n) for differences in barrier test measures across all lambs for litter size and whether the

lamb reached the ewe

Litter size Reached ewe
Single Twin Triplet Yes No
No. bleats (test ends when lamb reaches ewe) 36.49+4.88 (31) 34.48+3.52 (69) 40.46+5.36 (30) 34.48+4.52 (45) 39.81+2.99 (85)
No. bleats in 3 minute period 46.3315.09 (31) 48.24+3.67 (69) 51.97+5.59 (30) 58.23+4.72% (45) 39.45+3.12" (85)
Bleat rate to end of test (bleats/s) 0.31+0.03 (30) 0.30+0.02 (65) 0.31+0.03 (30) 0.39£0.03% (40)  0.22+0.02" (85)
No. grids crossed (test ends when lamb reaches ewe)  7.56+1.12 (39) 8.97+£0.87 (73)  10.43+1.36 (30) 11.46+1.09% (48)  6.52+0.72" (94)
No. grids crossed in 3 min 10.55+1.47% (39) 15.69+1.14° (73) 17.01+1.77° (30) 22.31+1.44% (48)  6.53+0.94" (93)
Rate of movement (no. grids/s) 0.09+0.01 (38) 0.10+0.01 (69) 0.09+0.01 (30) 0.15+0.01% (43)  0.0420.01° (94)

Linear movement score 2.67+0.17 (39) 2.84+0.14 (73)
Overall score 3.35+0.14% (39)  3.56+0.11% (73)

2.67+0.22 (30)
3.89+0.17" (30)

4.89+0.18° (48)
5.07+0.142 (48)

0.56+0.11" (94)
2.13+0.09° (94)

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 3.12: Correlations and 95% confidence intervals between overall score and time to perform early behaviours.

Test time
4 hour 10 hour
Correlation coefficient  p value 95% ClI Correlation coefficient  p value 95% CI
Shakes head 0.08 0.53 -0.18-0.33 0.05 0.70 -0.21-0.31
Reached knees 0.01 0.95 -0.25-0.27 -0.04 0.75 -0.30-0.22
Attempts to stand 0.07 0.64 -0.22 -0.35 -0.05 0.73 -0.33-0.24
Stands -0.07 0.64 -0.35-0.22 -0.28 0.06 -0.52 -0.02
Reached the udder -0.08 0.63 -0.39-0.25 -0.29 0.08 -0.56 — 0.04
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3.4.4 Discussion

The results from this experiment suggest that the modified barrier test using a model
ewe and audio cue could be a useful way of measuring vigour at an early age in
neonatal lambs. The contrasting performance of Blackface and Suffolk lambs in the
test was consistent with the findings of Dwyer et al. (2005; 1996) where Blackface
lambs were more vigorous than Suffolk lambs. More Blackface lambs successfully
reached the model ewe and there was also a significant breed difference in the overall
score in the test with Blackface lambs having a higher average score than Suffolk
lambs. The number of grids crossed to the end of the test (where the end is defined as
reaching the ewe or 3 minutes, whichever occurs first) and across the three minute test
period was also greater for Blackface lambs. However, the time taken to reach the
ewe did not differ with breed which suggests that Blackface lambs took a less direct
route to reach the ewe and once they reached the ewe, they did not remain close to
her. This may mean that the lamb was not completely deceived by the model ewe and
the audio bleats, but it may also be that the lamb was not detecting appropriate
responses having reached the ewe, so it continued moving around the arena in search
of its mother. Other authors who have used model ewes and audio bleats of lamb’s
own or alien dams have found that not all lambs will respond and have suggested that
this is because the models are not lifelike enough (Shillito Walser and Walters 1987;
Shillito Walser et al. 1985; Winfield and Kilgour 1976). However, all of these studies
used lambs that were much older (1 day — 30 days) than those in the current study and
it would be expected that mutual recognition would have developed at these older

ages.
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The time the test was performed appears to be important with the performance of
lambs generally improving at the later 10 hour test. Other authors have shown that
the ability of lambs to successfully negotiate discrimination tests and other behaviour
tests improves with age (Nowak et al. 1989) but no other authors have studied lambs
as young as in the current study. The results suggest that the lamb may be showing an
element of learning from one test time to the next or alternatively, that older lambs are
more able to respond under these test conditions. A larger experiment using different
lambs at the two ages would help to clarify which of these interpretations is correct.
The improvement in the correlations between time to perform early behaviours and
overall score in the modified barrier test suggests that lambs at 10 h of age are
responsive to auditory cues and that this response may reflect lamb vigour as

identified in early behaviours.

Litter size did not influence the time taken to reach the ewe, the number of bleats or
grids crossed to reach the ewe. However, when looking at the overall test score,
triplet lambs appeared to perform better in the test than singles but were not
significantly different to twins. This is perhaps surprising as triplet lambs tend to be
less mature than single and twin lambs (Barlow et al. 1987; Stafford et al. 2007) and
often are slower to perform critical early behaviours and also have poorer vigour

scores (Dwyer et al. 2005).

This test may provide an alternative and more practical measure of lamb vigour in
terms of the ability of lambs to make contact with the ewe as it can be done at an early
age and it does not require the presence of the dam. This means the lamb can be

moved easily and assessments made at convenient times. As there was no difference
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in the overall score between the 4 hour and the 10 hour tests, this test may be a useful
measure of vigour anytime between these ages. However, assessment of older
animals might be a more accurate reflection of lamb vigour at birth given the
moderate correlations between the overall score in the 10 hour test and time to stand
and reach the udder. This test may become particularly important as a measure of
lamb vigour around the time the ewe moves away from the birth site, when the lamb

has increased responsibility to retain contact with its dam.
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Chapter 4: Sub-maintenance nutrition in late pregnancy does not

compromise lamb vigour

4.1 Introduction

Nutrition during pregnancy has a well documented impact on lamb survival with
better nutrition improving lamb survival rates (Alexander et al. 1956; Everett-Hincks
et al. 2005a; Holst et al. 1986; Scales et al. 1986; Tygesen et al. 2008). Mid to late
pregnancy nutrition is particularly important as nutritional restriction during this time
can result in reduced lamb birth weights as this is the time when 90% of foetal growth
occurs (Redmer et al. 2004). Furthermore, late pregnancy nutrition is particularly
important for improving lamb survival in multiple litters (Everett-Hincks et al. 2005a;

Holst 1987) and this appears to be largely associated with birth weight effects.

Lamb birth weight has been shown to have a direct impact on lamb survival
(Alexander et al. 1956; Everett-Hincks and Dodds 2007; Fogarty et al. 1992; Khalaf
et al. 1979) with lambs at either extreme, i.e. very heavy or very light, at higher risk
of mortality. Owens et al. (1985) reported that a 1 kg increase in birth weight,
resulted in a 28% increase in lamb survival in the large litters of Booroola Merinos.
Holst et al. (1986) and Corner et al. (2008) found that when multiple-bearing ewes
were fed on a low plane of nutrition in early pregnancy and subsequently on a high
plane of nutrition in late pregnancy, lamb birth weights were higher than those from
ewes on a low plane of nutrition in late pregnancy regardless of nutrition level in early
pregnancy. This pattern has also been reported by Fogarty et al. (1992) who found

that mid-pregnancy nutrition (high or low) had no impact on lamb survival when all
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ewes were on a high plane of nutrition in late pregnancy. However, condition
score/fat score at joining and throughout pregnancy may complicate this effect and a
clear positive relationship between condition score at lambing and survival rates has
been shown by a number of authors (Ferguson et al. 2007; Gibb and Treacher 1982;
King et al. 1990). The study of Ferguson et al. (2007) showed that if condition score
was maintained at 3 throughout pregnancy then there was a 5% increase in survival
for singles and a 12% increase in survival for twins compared to a condition score of
2.5 in Merino ewes. Even greater improvements were reported when contrasts were

made at lower condition scores.

Neonatal lamb behaviour and vigour may be influenced by nutritional restriction
during pregnancy (Everett-Hincks et al. 2005a) and it is thought that lambs with
limited energy reserves due to poor maternal nutrition have a reduced suckling drive
and chance of suckling successfully (Nowak and Poindron 2006). Dwyer et al.
(2003), using Scottish Blackface lambs, did not find a direct impact of maternal
undernutrition on lamb behaviour but nutrition did impact on lamb birth weights and
low birth weight lambs were generally less vigorous. Cloete (1993) reported that
lamb vigour, as measured by time to stand and suckle, improved with increasing birth
weight with a reduction of 1.4 minutes per kg birth weight in time to suckle. Owens
et al. (1985) found that a 1 kg increase in birth weight reduced the time for lambs to
suckle by 15.8 minutes for all litters, from singles through to quadruplets for Booroola
Merinos. Slee and Springbett (1986) also found that within a breed, lamb activity
improved with increasing birth weight. However, between breeds, the smaller breeds
such as primitive breeds (Soay and Boreray), Welsh and Scottish Blackface sheep

tended to have better lamb vigour than the heavier breeds such as Border Leicesters
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(Slee and Springbett 1986). Therefore it appears that low birth weight lambs can still
be vigorous suggesting that factors other than birth weight alone, such as maturity at

birth, determine lamb vigour.

Nutrition during pregnancy is thought to impact on the ability of the lamb to respond
to cold with undernourished ewes producing lambs that are less able to cope with cold
stress (Budge et al. 2004; Kerslake et al. 2009). This can be associated with
reductions in birth weight, where smaller lambs have a higher surface area to weight
ratio and consequently, more heat loss (Alexander 1962c). Alternatively, it may be
due to lower energy reserves in the form of brown adipose tissue (BAT) and
therefore, reduced thermoregulatory capacity (Budge et al. 2004; Stevens et al. 1990;
Stott and Slee 1987). However, other environmental influences during pregnancy
may also impact on lamb birth weight and BAT development. Chronic cold exposure
during pregnancy has been shown to increase BAT volume and function in lambs
from ewes fed 60% of maintenance energy requirements (Clarke et al. 1997a) but lead
to no change in lambs from well fed ewes (Gate et al. 1999). Budge et al. (2004)
found that ewes that had a restricted nutrient intake in late pregnancy (day 115 to
parturition) produced lambs with decreased levels of perirenal fat compared to
unrestricted controls (19.35 vs. 23.1g). These lambs also had 2.5 times less
uncoupling protein 1 (UCP1) mRNA expression. The protein UCP1 is central to BAT
metabolism and non-shivering thermogenesis (Himms-Hagen 1985). Interestingly,
this study also reported that lambs from ewes energy restricted prior to conception,
and for different lengths of time following conception, did not differ in the amount of

fat deposited but did differ in levels of UCP1 mRNA (Budge et al. 2004). This
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highlights the potential importance of nutrition at different times prior to conception

and during gestation for subsequent lamb viability.

The present experiment was designed to evaluate the hypothesis that lambs from ewes
fed either above or below maintenance energy requirements in the last 50 days of
pregnancy would differ in vigour as defined by their immediate post partum

behaviours and also physiological parameters associated with lamb survival.

4.2 Materials and Methods
All procedures in this experiment were conducted with the approval of the CSIRO FD

McMaster Laboratory Chiswick, Animal Ethics Committee, AEC No. 08/11.

4.2.1 Animals and Management

Fifty four, multiparous, three and four year old Merino ewes and their lambs were
used for this experiment. Ewes were selected from a larger group of 270 ewes.
Initially, ewes were allocated to one of three mating groups (approximately 90/group)
balanced for liveweight. Each group was oestrus synchronised 10 days apart using
300 mg progesterone via EAZI-BREED® CIDR® (Pfizer) and given a 400 i.u. serum
gonadotrophin injection (Pregenocol™, Bioniche Animal Health Pty Ltd) on removal
of CIDR®. Six Merino rams were introduced following the injection and remained
with the ewes for 10 days until the next mating group (MG) had been injected when
they were introduced to the next MG. Therefore the same rams were used for each

MG.
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At day 60 after joining, ewes were pregnancy scanned. Nine single and nine twin
bearing ewes were selected from each of the mating groups with the criteria of
liveweight >40kg and a condition score > 3. This resulted in 54 experimental ewes
which were then run as a single mob on native pasture until day 100 of pregnancy

when the nutritional treatments began sequentially for each mating group.

The nutritional treatments were conducted in outdoor pens where ewes were fed in
small groups of four or five ewes and were weighed weekly. Two ewes were
removed from the experiment as one did not adapt to the pelleted ration (MG1) and
the other developed laminitis (MG2). At day 143 of gestation, the ewes within each
mating group were moved into individual pens (1 m x 1 m) in the animal house for
lambing. Three more ewes were removed from the experiment after they had entered
the animal house due to: a vaginal prolapse (MG1), a breech birth (MG3) and

abortion post-scanning (MG3).

4.2.2 Treatments and protocols

The experiment was a two x two factorial design with two nutritional and two litter
size treatments balanced across mating groups. Ewes were fed at either 0.8 or 1.2 of
maintenance energy requirements for the last 50 days of gestation calculated using the
SCA Feeding Standards for Australian Livestock (Ruminants 1990) which was
adjusted according to litter size and ewe liveweight. Lucerne based animal house

pellets (9.04 MIME/kgDM; 16.2% CP) were used as the feed ration.
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Ewes were brought into the animal house and penned individually at day 143 of
pregnancy to allow them to become accustomed to the conditions. From day 146
ewes were monitored constantly and at the first sign of lambing, video recording
commenced and continued until the lamb was three hours of age. The ewe was
allowed two hours from the appearance of membranes to give birth before assistance

was provided unless malpresentation was clearly apparent.

Following birth, lambs were removed from the pen at 10 - 15 minutes of age and the
following measurements were recorded: rectal temperature, birth weight, crown rump
length, neck circumference and sex of the lamb. A 4 ml blood sample was also taken
and packed cell volume was measured immediately via haematocrit. The lamb was

then put back with the ewe and they were left undisturbed until 3 hours of age.

At 3 hours of age, a second 4 ml blood sample was collected and rectal temperature
was recorded. At 5.5 hours of age, an iButton® temperature logger (Alfa-Tek
Australia) was inserted rectally to log rectal temperature every minute until 8 hours of
age. If the lamb was less than 3.5 kg, rectal temperature was measured every
15 minutes using a digital thermometer until 8 hours of age. At 6 hours of age, the
lamb had a third 4 ml blood sample taken. The lamb was then injected with
noradrenaline (Levophed®) at a rate of 150 pg/kg birth weight to simulate a cold
challenge (Slee et al. 1987a). At 6.5 hours of age a final blood sample was taken.

The iButton® was removed at 8 hours of age.
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Lambs were placed in a cradle for ease of handling at sampling times and to
standardise sampling method. AIll blood samples were collected via jugular
venipuncture into blood tubes (Vacutainer®, Becton Dickenson and Company) with a
sodium fluoride and potassium oxalate anti coagulant. Blood samples were
centrifuged at 3000 rpm for 10 minutes and the plasma was collected and frozen

immediately and stored at -20°C for later analysis.

Lambs in MG3 had an image taken using an infra red thermal imaging camera
(ThermaCAM™, FLIR systems) at each blood sampling time point and at 8 hours of
age. At the first sampling, two images were taken, one with the lamb wet and one
towel dry. This resulted in lambs from MG3 being out of the pen for significantly
longer (4.67+0.26, 4.90+0.25 and 5.82+0.29 minutes for MG 1, 2 and 3 respectively)

at the first sampling time point than lambs from MG1 or MG2.

Ewes and their lambs remained in the animal house until the lamb was 24 hours old

when they were released into the paddock surrounding the animal house.

4.2.3 Lamb behaviour
Lamb behaviour (Table 4.1) was assessed from video recordings. The time taken
from birth to perform each behaviour was recorded. A vigour score was also assessed

for each lamb according to the criteria detailed in Table 4.2. If a lamb had not
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performed all behaviours in 3 hours it was given a time of 180 minutes for that

behaviour.

Table 4.1: Lamb behaviour definitions (based on Dwyer et al. 2005).

Behaviour Definition
Shakes head Lamb raises and shakes head
To knees Lamb rolls onto chest, gathers legs under it and pushed front

half of the body up off the ground

Attempts to stand ~ Lamb supports body weight on at least one foot

Stands Lamb stands unsupported on all four feet for >5 s

Reaches udder Lamb approaches ewe and nudges her in the udder region

Unsuccessful suck  Lamb places head under ewe in contact with the udder but either
fails to grasp the teat or releases it without sucking

Sucks Lamb holds teat in its mouth and appears to be sucking with
appropriate mouth and head movements, may be tail-wagging,
remains in this position for >5 s

Table 4.2: Lamb vigour score (adapted from Holst 1987).

Score Description

1 Doesn’t stand for at least 40 mins; little or no teat-seeking drive; doesn’t
appear alert or active

2 Attempts to stand after 30 min; low teat-seeking drive and tendency to follow

ewe; shows some alertness but not very active. Does not appear very
coordinated in attempts

3 Shakes head within 30 sec; attempts to stand within 15 min; seeking teat
within 10 min of standing; follows ewe but distracted by other moving
objects; generally alert and active. Coordination may be lacking

4 Attempts to stand within 10 min of birth; seeking teat within 5 min of
standing; strong tendency to follow ewe; alert and active and movements well
coordinated

5 Attempts to stand within 5 min of birth; follows ewe closely; very alert and
active

4.2.4 Blood assays

All blood samples were assayed for glucose, fructose, free trilodothyronine (T3) and
thyroxine (T4) and non-esterified fatty acids (NEFA). The 10-15 minute blood
sample was also assayed for lactate. Glucose (assay variation <0.53%) and lactate

(assay variation <2.3%) were tested using the Dimension clinical chemistry system
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(DADE Behring). Fructose (assay variation <3.1%) was assayed using an enzymatic
colorimetric method (Ameyama et al. 1981). Free T3 (assay variation <7.3%) and
free T4 (assay variation <1.6%) were tested using a Siemens competitive analog
immunoassay on the Immulite system. NEFA (assay variation <3.9%) were assayed

using an in vitro enzymatic colorimetric method (Wako NEFA C test kit).

4.2.5 Statistical analyses

The iButton temperature profiles were analysed to derive the following temperature
parameters for each lamb: basal rectal temperature, peak rectal temperature, time to
peak, time at peak, length of response (time of injection to time the temperature
reached two standard deviations above basal), slope and area under the curve. These
and all other data were tested for normality prior to analysis. A natural log
transformation was used to achieve normality for some variables (time at peak, time
out, shake head, reach knees, attempt to stand, stands, reach udder, unsuccessful

suckle, suckle).

Analysis of variance (PROC GLM, SAS 9.1.3) was used for iButton and behavioural
measures with mating group, actual litter size and nutrition fitted as fixed effects.
Four levels of nutrition were used in the analysis based on amount of feed offered to
each group of ewes namely, 8.4, 10.2, 12.6 and 15.6 MJME/day rather than 0.8 or 1.2
maintenance energy requirements. This was done due to ultrasound scanning errors
for litter size. Fifteen ewes were diagnosed as twin bearing but gave birth to
singletons and four ewes were pregnant with twins but were diagnosed as single

bearing. Consequently, these ewes were fed incorrect rations and therefore not
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receiving 0.8 or 1.2 of maintenance energy requirements due to the misdiagnosed
litter size. The power of the experimental design was therefore reduced due to the

change in design for analysis.

The blood measures were analysed using PROC MIXED in SAS. Blood samples
from birth, 3 and 6 hours were analysed initially followed by a second analysis
including only the 6 and 6.5 hours sample to examine the effect of the noradrenaline

challenge.

4.3 Results

4.3.1 Morphological data

Birth weight differed significantly (P<0.001) due to level of nutrition and litter size
with single lambs being heavier than twin lambs (Table 4.3 & Table 4.4). Crown
rump length, neck circumference and rectal temperature at 10 minutes and 3 hours did
not differ due to level of nutrition, litter size or mating group (Table 4.3 & Table 4.4)
although crown rump length and neck circumference both increased with increasing

birth weight.

4.3.2 Neonatal behaviours
There were no significant (P<0.05) differences in neonatal behaviours or vigour score
for level of nutrition, litter size or mating group (Figure 4.1a, b and c) and there were

no significant interactions.
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Figure 4.1: Effect of litter size (a), mating group (b) and level of nutrition (c) on time

to perform early behaviours and vigour score. Error bars represent standard errors.
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4.3.3 Response to noradrenaline challenge

Basal rectal temperature differed significantly (P<0.05, Table 4.5) due to mating
group, with MG1 lambs having higher basal rectal temperature than MG2 or MG3.
No other rectal temperature measures for response to the noradrenaline challenge
differed significantly due to nutrition, litter size or mating group (Table 4.5 & Table

4.6).

Table 4.7 shows the changes in blood metabolite concentrations following the
noradrenaline challenge. Plasma NEFA, fructose and glucose concentrations all
increased significantly (P<0.001). Free T3 levels tended to increase, although this

was not significant (P=0.07) while free T4 levels did not change.

4.3.4 Blood measures

Packed cell volume and lactate did not differ significantly (P>0.05) due to nutrition
level (Table 4.9), litter size or mating group (Table 4.8). NEFA, glucose, fructose,
and thyroid hormone concentrations were measured at three sample times namely
birth, 3 and 6 h of age (Table 4.10). All five of these blood parameters differed
significantly across sample times (P<0.001, Table 4.10). NEFA and fructose levels
decreased over the sampling period while glucose and free T3 levels increased. Free
T4 levels increased from birth to 3 hours but decreased from 3 to 6 h. NEFA levels
also differed (P<0.01) due to mating group (Table 4.8) with MG1 and MG2 lambs
having significantly higher levels than MG3. Fructose and glucose levels differed
significantly (P<0.01) due to litter size with single lambs having higher

concentrations of each metabolite than twin lambs (Table 4.8). Free T3 and T4
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concentrations did not differ due to litter size or mating group. None of the blood
metabolites measured differed (P<0.05) due to nutrition offered (Table 4.9). There
was a significant interaction between litter size and sampling time for glucose and
free T4 (P<0.01, Figure 4.2a and b) with concentrations increasing with lamb age for
single lambs but for twin lambs, the levels increased from birth to 3h but decreased

from 3 to 6h.
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Figure 4.2: Litter size (single — black bars, twin — grey bars) by sample time
interactions for a) plasma glucose and b) free T4 concentrations. Error bars represent

standard errors and asterisks indicate means that differ significantly (P<0.05).
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Table 4.3: Least square means and standard errors (n) of morphological measures for litter size and mating group.

Litter size

Mating group

Single

Twin

1

2

3

Birth weight (kg)

Crown rump length (cm)
Neck circumference (cm)
Rectal temp 10 mins (°C)
Rectal temp 3 hours (°C)

4.41+0.09° (35)
45.89+0.59 (34)
18.55+0.23 (34)
39.78+0.12 (33)
39.59+0.08 (32)

3.90+0.10° (28)
44.08+0.81 (28)
18.07+0.28 (28)
39.62+0.14 (27)
39.60+0.09 (28)

4.14+0.11 (21)
44.89+0.83 (20)
18.38+0.31 (20)
39.59:0.15 (20)
39.64+0.09 (20)

4.05£0.11 (23)
44.19+0.79 (23)
17.88+0.28 (23)
39.83+0.14 (23)
39.51+0.09 (21)

4.29+0.12 (19)
45.89+0.81 (19)
18.67+0.32 (19)
39.67+0.16 (17)
39.64+0.10 (19)

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 4.4: Least square means and standard errors (n) of morphological measures for nutrition level.

Nutrition (MJME/day)

8.4 10.2 12.6 15.6
Birth weight (kg) 3.84+0.14° (14)  4.41+0.13" (15)  3.96+0.14% (14)  4.41+0.14" (20)
Crown rump length (cm) 44.31+0.94 (14) 45.41+0.89 (15) 44.18+1.34 (13) 46.05+0.83 (20)

Neck circumference (cm)
Rectal temp 10 mins (°C)
Rectal temp 3 hours (°C)

17.99+0.37 (14)
39.51+0.18 (14)
39.62+0.12 (13)

18.58+0.36 (15)
39.60+0.17 (15)
39.55+0.11 (15)

18.03+0.40 (13)
39.78+0.21 (12)
39.62+0.13 (13)

18.64+0.32 (20)
39.89+0.16 (19)
39.58+0.12 (19)

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 4.5: Least square means and standard errors (n) for rectal temperature response curve parameters for litter size and mating group.

Litter size Mating group
Single Twin 1 2 3
Basal rectal temp (°C) 38.79+0.07 (34) 38.86+0.08 (27) 39.07+0.09° (20) 38.81+0.09° (22) 38.60+0.09° (19)
Cutoff rectal temp (°C) 39.01+0.07 (34) 39.12+0.09 (26) 39.27+0.10 (19) 39.07+0.09 (22) 38.86+0.10 (19)
Length of response (mins) 66.14+3.78 (33) 62.92+4.51 (26) 70.52+5.18 (19) 62.31+4.64 (22) 60.76+5.04 (19)

Peak rectal temp (°C)
Time to reach peak (mins)
Time at peak (log mins)
Slope to peak (°C/min)

Area under the response curve (°Cmin)

40.07+0.10 (34)
25.09+1.89 (34)
1.130.15 (31)
0.05+0.01 (33)

2610.78+151.54 (33)

40.03+0.12 (27)
21.60+2.45 (23)
0.86+0.22 (17)
0.05+0.01 (27)

2501.24+180.36 (26)

40.17+0.14 (20)
23.96+2.48 (20)
1.04+0.25 (11)
0.05+0.01 (19)

2789.99+207.41 (18)

40.05+0.13 (22)
25.10+2.67 (18)
1.07+0.20 (18)
0.04+0.01 (22)

2474.23+185.87 (22)

39.93+0.14 (19)
20.97+2.55 (19)
0.87+0.19 (19)
0.05+0.01 (19)

2403.81+201.73 (19)

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 4.6: Least square means and standard errors (n) for rectal temperature response curve parameters for nutrition level.

Nutrition (MJME/day)

8.4

10.2

12.6

15.6

Basal rectal temp (°C)
Cutoff rectal temp (°C)
Length of response (mins)
Peak rectal temp (°C)
Time to reach peak (mins)
Time at peak (log mins)
Slope to peak (°C/min)

Area under the response curve (°Cmin)

38.75:0.11 (14)
38.94+0.12 (14)
69.48+5.86 (14)
40.24+0.16 (14)
24.93+2.97 (14)
1.23+0.27 (10)
0.06+0.01 (14)

2768.77+£234.59 (14)

38.79:0.11 (15)
39.06+0.11 (15)
63.03+5.57 (15)
40.00£0.16 (15)
23.66+3.08 (13)
0.83+0.25 (12)
0.05+0.01 (15)

2499.90+223.3 (15)7

39.0310.12 (13)
39.29+0.13 (13)
59.63+6.61 (12)
39.99:+0.18 (13)
18.74+3.24 (13)
0.79+0.26 (12)
0.04+0.01 (12)

2354.11+264.52 12)

38.73+0.09 (19)
38.95+0.10 (18)
65.98+5.15 (18)
39.96+0.14 (19)
26.04+2.69 (17)
1.13+0.22 (14)
0.05+0.01 (19)

2601.27+206.07 (18)

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 4.7: Least square means and standard errors (n) for blood metabolite concentrations before and after the noradrenaline challenge.

Before After
Glucose (mmol/L) 8.10+0.27% (63)  9.76%0.27° (63)
NEFA (mmol/L) 0.86+0.05% (63)  1.28+0.05" (63)
Fructose (mmol/L) 0.88+0.04% (63)  0.95+0.02" (63)
Free T3 (pg/mL) 5.49+0.19 (61) 5.71£0.19 (61)
Free T4 (ng/dL) 1.71+0.06 (61) 1.70£0.06 (61)

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 4.8: Least square means and standard errors (n) for blood metabolite concentrations across litter size and mating group.

Litter size Mating group
Single Twin 1 2 3
Packed cell volume (%) 36.79+0.76 (31)  34.73+0.89 (27)  34.82+0.96 (20)  36.41+0.95(20)  36.04+1.01 9 (18)
Lactate (mmol/L) 6.45+0.48 (33) 7.08+0.57 (27) 7.43+0.61 (20) 6.19+0.58 (22) 6.67+0.65 (18)
Glucose (mmol/L) 7.93+0.22° (33)  6.41+0.26° (27) 7.15+0.28 (20) 7.05+0.27 (22) 7.32+0.30 (17)
NEFA (mmol/L) 1.02+0.04 (33) 1.01+0.05 (27) 1.14+0.05% (20)  1.04+0.05% (22) 0.87+0.05° (18)
Fructose (mmol/L) 1.88+0.09% (33)  1.52+0.11° (27) 1.68+0.12 (20) 1.7840.11 (22) 1.62+0.12 (17)
Free T3 (pg/mL) 5.28+0.20 (32) 4.88+0.24 (27) 5.15+0.25 (20) 5.05+0.24 (22) 5.04+0.27 (17)
Free T4 (ng/dL) 1.75+0.08 (31) 1.60+0.09 (26) 1.71+0.10 (20) 1.6240.10 (22) 1.7040.11 (15)

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 4.9: Least square means and standard errors (n) for blood metabolite concentrations across nutrition levels

Nutrition (MJME/day)

8.4 10.2 126 156
Packed cell volume (%) 36.71+1.18% (13)  33.19+1.17°(13) 37.88%+1.28% (12)  35.25x0.97% (20)
Lactate (mmol/L) 7.42+0.76 (13)  6.28+0.73 (14)  5.78+0.79 (13) 7.58+0.62 (20)
Glucose (mmol/L) 7.23+0.35 (13)  7.18+0.33(14)  7.14+0.36 (13) 7.13+0.29 (20)
NEFA (mmol/L) 1.03+0.06 (13)  1.05+0.06 (14)  0.94+0.06 (13) 1.05+0.05 (20)
Fructose (mmol/L) 1.63+0.14 (13)  1.66+0.14 (14)  1.72+0.15 (13) 1.77+0.12 (20)
Free T3 (pg/mL) 5.13+0.31 (13)  5.30£0.30 (13)  5.00+0.34 (13) 4.88+0.27 (20)
Free T4 (ng/dL) 153+0.12 (12)  1.78#0.12(13)  1.670.13 (13) 1.7420.11 (20)

Table 4.10: Least square means and standard errors (n) for blood metabolite concentrations across sample times.

Sample time
Birth 3 hours 6 hours
Glucose (mmol/L) 5.97+0.22% (60)  7.44+0.22° (60)  8.10+0.21° (63)
NEFA (mmol/L) 1.12+0.04% (60)  1.07+0.04% (60)  0.86+0.04" (63)

Fructose (mmol/L)  2.85+0.09% (60)  1.37+0.09" (60)  0.87+0.09° (63)
Free T3 (pg/mL) 4.22+0.18% (59) 5.50+0.18" (58) 5.51+0.18" (61)
Free T4 (ng/dL) 1.58+0.06% (57)  1.75#0.06" (58)  1.71%0.06" (61)

Different superscripts within rows indicate means that differ significantly (P<0.05)
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4.4 Discussion

This study has demonstrated that neonatal lamb vigour traits were not influenced by ewe
nutrition in the last trimester of pregnancy, at least within the range of 80% to 120% of
maintenance energy requirements and despite birth weights being lower in the sub-
maintenance fed groups. However, the ewes in this study were in good body condition (>3)
throughout pregnancy and it is possible that there may have been an interaction between feed
energy and the energy buffer of ewe condition (Dwyer et al. 2003; Gibb and Treacher 1982;
McCrabb et al. 1992). If this interaction did occur, lambs may not have been nutritionally
restricted despite the ewes being feed restricted and this is reflected in the high birth weights
measured in this experiment. Further studies of lamb vigour from ewes at lower condition

score are needed to clarify this.

4.4.1 Neonatal lamb behaviour

Surprisingly, lamb behaviour did not differ due to litter size. A number of authors have
shown that as litter size increases, the time to suckle also increases (Cloete 1993; Dwyer
2003; Dwyer and Morgan 2006). Ewe nutrition has also been shown to affect expression of
early lamb behaviours through effects on birth weight (Dwyer et al. 2003); however, this was
not the case in the present experiment. Birth weight did differ with nutrition offered but after
accounting for this difference, it did not change the litter size effects on early lamb
behaviours. Greater differences in lamb birth weight may have occurred if the intended
nutritional restriction actually took place. As it was, with the errors in pregnancy scanning
many ewes were not restricted and therefore twin lambs, which would be expected to be

smaller and less vigorous, were not.
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4.4.2 Response to noradrenaline challenge

A cold response was simulated in this experiment using a noradrenaline challenge as the
response is indicative of response to a true cold challenge based on the change in rectal
temperature (Alexander 1969; Cooper et al. 1976; Slee et al. 1987a). In the present
experiment, late pregnancy nutrition did not impact on the ability of lambs to respond to the
simulated cold challenge which contrasts with Budge et al. (2004) who found that nutritional
restriction in late pregnancy resulted in lambs being less able to respond to a cold challenge.
In their experiment a much more restrictive nutritional treatment (50% maintenance energy
requirements) was used than in the current experiment and the capacity to respond to cold
was measured using an in vitro assay of UCP-1 activity in brown adipose tissue which was

potentially more sensitive to changes than rectal temperature.

Single and twin lambs did not differ in their response to noradrenaline which is surprising as
other authors have reported that singletons were able to withstand colder conditions than
twins (Stott and Slee 1987) and have linked this to birth weight differences. However, a birth
weight effect does not appear to explain the lack of a litter size difference in the current
experiment as inclusion of birth weight as a covariate did not change the litter size effect on

any of the rectal temperature response parameters.

Plasma glucose, fructose and NEFA concentrations increased following noradrenaline
challenge in an expected pattern as noradrenaline stimulates brown adipose tissue metabolism
subsequently altering the energy metabolism of the lamb. This pattern is similar to that
reported by other workers (Alexander et al. 1972; Alexander and Mills 1968). However,

thyroid hormone concentrations did not change following noradrenaline challenge which was

109



Chapter 4: Sub-maintenance nutrition in late pregnancy does not compromise lamb vigour

unexpected given the role that the thyroid gland has in thermoregulation over the long term.
The noradrenaline challenge in this study was an acute challenge mimicking a transient cold
exposure and it is possible that responses were therefore limited in the sampling period and
blood samples may have been taken before changes were evident. However, Cabello (1983)
found that changes in both T3 and T4 levels could be observed during and immediately
following a real cold exposure for 1.5 hours which would also be considered to be an acute
cold challenge. Therefore, this lack of a change in thyroid hormones may be due to the

noradrenaline challenge not inducing the same effect as a true cold challenge.

4.4.3 Blood parameters

Nutritional restriction might be expected to reduce some of the metabolic measurements
associated with energy availability but in this experiment nutrition did not account for any
difference in the blood measures. Plasma glucose and fructose levels were different due to
litter size with single lambs having higher levels than twin lambs which affirm the results of
earlier studies in other breeds. In general, if litter size increases, the level of energy
metabolites in blood decreases (Barlow et al. 1987; Kenyon et al. 2007). The lack of
difference in plasma lactate levels suggests that the degree of hypoxia was similar across
litter sizes. This was a priori not surprising given the very low incidence of dystocia in these
multiparous ewes and the birth weights of the lambs. There was also no correlation between
birth weight and lactate suggesting that chronic hypoxia did not occur (Mellor and Pearson

1977).

The pattern of change in blood parameters from 10 minutes after birth until 6 hours of age are

similar to those reported in the literature (De Blasio et al. 2006; Mellor and Pearson 1977;
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Thompson et al. 2006). Fructose concentrations decreased over time while glucose
concentrations increased. Thyroid hormone concentrations were low at the first sampling
point but had increased to a peak at 3 hours and remained steady to 6 hours which is similar
to other studies (Cabello 1983; De Blasio et al. 2006; Wrutniak and Cabello 1987b). NEFA
concentrations decreased over time which supports the observations of Thompson et al.

(2006).

These changes in blood measures follow expected patterns suggesting that the lambs in this
study were not compromised in terms of their energy metabolism up to 6 hours of age.
However, the significant litter size by sample time interaction for free T4, with an increase in
T4 from birth to 3 hours for both single and twin lambs and a more rapid decline after 3 hours
for twins, may suggest that the thermoregulatory capacity of twin lambs was compromised.
A cold challenge would be expected to initiate the conversion of T4 to T3 (Schermer et al.
1996) and lower levels of T4 in twins could be a result of T4 conversion to T3 for
thermoregulation while single lambs do not have this requirement. This interaction may also
suggest that the twin lambs in this study were less metabolically mature than the single lambs
(Wrutniak and Cabello 1987b). Cabello (1983) found that preterm lambs, which would not

be metabolically mature, had lower levels of T4 than full term lambs to 8 hours of age.

In the last 50 days of pregnancy, nutrition over the range 8.4 to 15.6 MJME/day does not
appear to impact on lamb vigour as measured by timed behavioural progression. However,
more severe nutritional restriction than was achieved in this experiment may impact on lamb
vigour. Further work is needed to determine whether early lamb behaviours provide an

accurate assessment of lamb vigour. Lamb genotype may provide a means of exposing
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differences in vigour particularly from ewes maintained at a low condition score throughout

pregnancy.
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Chapter 5. Within breed sire variation has more influence on lamb vigour

than sire breed alone

5.1 Introduction

Breed differences in lamb survival and lamb vigour traits have been identified by a number of
authors (Alexander et al. 1990c; Dwyer and Lawrence 2000; Dwyer et al. 1996; Dwyer and
Morgan 2006; Kallweit et al. 1986; Owens et al. 1985; Wassmuth et al. 2001), as have
differences between purebred and crossbred animals (Fogarty 1972; Fogarty et al. 2000; Hall
et al. 1995; Wassmuth et al. 2001). The latter is important in the Australian lamb industry as
crossbred lamb production predominates and recent studies, using the Sheep Cooperative
Research Centre’s information nucleus flock (INF), have confirmed differences in crossbred
lamb survival and also identified potentially large within-breed differences in these traits
(Brien et al. 2009). Within a breed, sires are normally selected for superiority in one or more
production traits such as wool production and quality, carcass characteristics and growth

traits, but lamb survival is not normally considered.

Crossbred lamb production in Australia consists predominately of a Merino ewe base crossed
to maternal or terminal sires such as Border Leicester, Poll Dorset, Texel and White Suffolks
(Fogarty et al. 2005). Crossbred lambs have been shown to be heavier at birth (Fogarty et al.
2000; Fogarty et al. 2005; Holst 2002; Nowak and Lindsay 1990) and through to weaning
(Fogarty et al. 2000) than purebred Merino lambs and sire breed has been shown to be an
important determinant of survival differences in crossbred lambs (Fogarty et al. 2005).
However, ewe breed may also be important in accounting for survival differences between
lamb genotypes (Alexander et al. 1990c; Fogarty et al. 2000; Holst 2002). Fogarty et al.

(2000) reported that lambs from Border Leicester x Merino ewes had higher survival rates
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than lambs from Merino ewes while sire breed had no significant effect. Fogarty (1972)
reported that Merino lambs had higher survival rates when compared to Border Leicester or
Dorset Horn cross Merino lambs which appears counter-intuitive as higher birth weight
lambs would be expected to have improved survival. However, high birth weights can also
negatively impact on survival through an increase in the incidence of birth difficulties
(Alexander et al. 1959; Everett-Hincks and Dodds 2007; Fogarty et al. 1992; Hall et al.

1995).

Differences in lamb vigour have been reported for Merino lambs when compared to
crossbred lambs with crossbred lambs being classified as more vigorous (Nowak and Lindsay
1990; Stevens et al. 1984). Purebred versus crossbred differences in vigour traits such as
time-to-stand and time-to-suckle, and growth rates have also been reported between other
breed crosses (Wassmuth et al. 2001). Border Leicester x Merino lambs were able to
discriminate their dams at younger ages than purebred Merino lambs and to also spend more
time with their dams (Nowak and Lindsay 1990). Purebred Merino twin lambs have also
been shown to be separated from their dam more often than Border Leicester x Merino lambs

(Stevens et al. 1984).

Very little research has been done to examine the relative importance of within breed sire
differences in lamb vigour. Some work from the INF has begun studying this using a wide
range of sires over eight different flocks across Australia (van der Werf et al. 2010). In the
INF, lamb vigour is measured using a field scoring system based on the behaviour of the
lambs during restraint and release at tagging time, when the lamb is approximately 3 — 12
hours old (Brien et al. 2010). The time taken for the lamb to regain contact with the ewe and

to suckle is included in this scoring system. Tagging takes place anywhere from birth until
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the lamb is 24 hours of age and an estimate of lamb age is accounted for when analysing the
lamb vigour data (Brien et al. 2010). The accuracy of this estimate and the relevance of the
scoring system to more traditional measures of lamb vigour such as time to progress through

early behaviours to suckling are still unclear.

The aim of the experiment reported here was to examine breed and sire within breed
differences in lamb vigour parameters including early lamb behaviours, physiological
measures and cold challenge responses. It was hypothesised that crossbred Border Leicester
x Merino lambs would have improved vigour compared to purebred Merino lambs. It was
also hypothesised that the field based lamb vigour score, used in the INF, would not be highly

correlated with the lamb vigour measures used in the experiment reported here.

5.2 Materials and Methods
This work was carried out with approval from the CSIRO FD McMaster Laboratory,

Chiswick, Animal Ethics Committee, AEC No. 08/09.

5.2.1 Ewes and management

One hundred and sixty nine multiparous Merino ewes were oestrus synchronised using
300 mg progesterone via EAZI-BREED® CIDR® (Pfizer) and were injected with 400 i.u. of
pregnant mare’s serum gonadotrophin (Pregnecol®) on removal of the CIDRs. Two days
later, the ewes were artificially inseminated randomly to one of six sires, three Merino (M)
and three Border Leicester (BL). All sires had previously been used in the Sheep CRC’s INF
joining in 2007 and 2008 and their estimated breeding values (EBVSs) for birth weight, vigour

score and survival were available (Table 5.1). Sixty-one days after insemination, the ewes
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were pregnancy scanned for litter size and all multiple-bearing ewes (n=37; Merino n=20,

Border Leicester n=17) were retained for the experiment.

Table 5.1: Estimated breeding values from INF data for sires used in the current experiment
(M. Hebart, pers. comm.).

Sire Lamb survival to 3days Lamb survival to weaning  Birth weight Lamb vigour
BL1 0.00582 0.003307 -0.02556 -0.213
BL2 -0.00949 -0.009615 -0.07929 -0.06095
BL3 -0.00409 -0.00916 0.08695 -0.1726
M1 -0.00690 -0.003481 -0.02225 -0.02042
M2 -0.00044 -0.001676 0.3495 0.3716
M3 0.00418 0.00551 -0.2339 0.1264

Ewes were fed on pasture to maintain joining body condition score (BCS) of >3 until day 30
of pregnancy. They were then feed restricted by grazing on low quality pasture so ewes
would lose condition to reach a BCS of 2.5 by day 105 of pregnancy. From day 105 to
parturition, ewes were fed to maintain this condition by providing access to higher quality
pasture compared to that offered during the initial 30 — 105 days of gestation. From day 119,
ewes were also supplementary fed with lucerne based animal house pellets
(ME=9.04 MJ/kgDM; CP=16.2%) at a rate of 300 g/day/ewe. From day 137, this was
increased to 675 g/day/ewe. Ewe body condition scores were monitored monthly from
day 30 until day 90 and then fortnightly until lambing. Ewe body weights were monitored

fortnightly from day 30.

Ewes were brought into the animal house at day 143 of gestation, penned individually and

from day 145 they were constantly monitored. While in the animal house, the ewes were fed

a ration of lucerne based animal house pellets (1400 g/ewe/day) and lucerne hay.
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5.2.2 Selection of INF sires

EBVs for lamb survival, birth weight and lamb vigour were calculated from lambing data
from the INF collected in 2007 and 2008 (M. Hebart, pers. comm.). Lamb survival to 3 days
of age and weaning was determined. Birth weight and lamb vigour were measured at tagging
time which occurred between birth and 24 hours of age. Lamb vigour was assessed using the
following scoring system (Table 5.2) with behaviours during tagging and within 30 seconds
of release included. A score of 1 was the most favourable. This score is numerically
opposite to the vigour score assessed in the current experiment so negative correlations are
favourable. An estimate of lamb age was included in the analysis of this score. For further

information on lamb measures in the INF see Brien et al. (2009).

Table 5.2: INF lamb vigour score.

Score Description

1 Constant struggle — bleat in response to ewe — on release reaches ewe quickly and
follows

2 Regular struggle while held — moves to the ewe on release — bleating common

3 Some struggle — walking in direction of ewe bleats but no contact — may bleat

4 Some struggle — attempts to walk but aimless — no apparent response to ewe bleats

5 Little movement when held — lies on release

5.2.3 Lambing protocol

Video monitoring began at the first sign of lambing. Lambing assistance was provided if
there was no progression two hours after the first appearance of membranes. No further
measurements were taken on the ewes. Ten to 15 minutes after birth, a blood sample was
taken and rectal temperature was measured for the lamb. Three hours after birth, an infra-red
thermal image was taken and birth weight, rectal temperature, crown-rump length and girth
circumference were measured. Lambs were also ear tagged at this time. When the oldest
twin was 5.5 hours of age all lambs within a litter had a rectal temperature logger (Seastar®

Oddi micro-T) inserted. All further time points refer to the oldest lamb’s age per litter. At 6
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hours of age, the oldest lamb had a blood sample and an infra-red thermal image taken and
underwent a behavioural test. The lamb was then cold challenged using an ice vest. The
second lamb also wore a vest with an ice pack at room temperature. At 7 hours of age, the
vests were swapped on the lambs, an infra red thermal image and blood sample were taken
and the behavioural test was performed on all lambs. At 8 hours of age, the vests were
removed from all lambs. The second lamb had a blood sample, infra red image taken and a
behavioural test completed. At 9 hours, the oldest lamb had an infra red image and blood
sample taken and at 10 hours the second lamb had an infra red image and blood sample taken.
Temperature loggers were removed from all lambs at this time and video monitoring ceased.
Five ewes gave birth to triplet lambs so rather than exclude this data, the third lamb from
these litters was randomly allocated to a treatment time schedule either the same as the first

or second born lamb.

5.2.4 Behavioural measures
The first three hours of video footage were analysed to determine: the time taken by the lamb
to shake its head, to reach its knees, attempt to stand, stand, reach udder and appear to suckle
and a lamb vigour score as outlined in Chapter 4, pp. 98. Video footage was also used to
determine the effects of the cold challenge and the vest on lamb behaviours and ethograms
were determined for the hour; before, during ice vest challenge, during control vest challenge
and after the vest was removed. Behaviours were recorded at five minute intervals and
scored as follows:

- 0 =sitting/lying

- 1 =standing

- 2 =standing close to ewe and following

- 3 =1in position to suckle
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The behavioural test, performed immediately before and after the ice vest challenge, was the
same as that outlined in Chapter 3 (pp. 76). The lamb was placed behind a curved wire mesh
barrier 2.5 m from a model ewe. A standard audio cue of a recently lambed Merino ewe (not
the dam) bleating when separated from her lamb was played from behind the model. The
lamb was allowed 90 seconds to attempt to get past the mesh barrier and reach the ewe. All
behaviour tests were video recorded and the following information obtained:

- Number of vocalisations

- Vocalisation score (1 — no response; 2 — some bleating; 3 — loud, distressed bleating)

- Alert—Yes/No

- Movement score — 0 to 5 based on how far they move from the barrier towards the

ewe

- Overall score — 0 to 5 with 5 being the best (see Chapter 3, pp. 79)

5.2.5 Rectal temperature data

Rectal temperatures were logged every minute from half an hour before the first vest was put
on the lamb until two hours after vests were removed. The standard deviation of rectal
temperature was calculated for the half hour before a vest went on, the last half hour the ice
vest was on, the last half hour the warm vest was on and the last half hour of the hour
following vest removal. This was used to compare variation in rectal temperature before,

during and after the ice vest challenge.

5.2.6 Blood assays
Four blood samples were taken from each lamb at 10-15 minutes of age, immediately prior to

and after the cold challenge, and 2 hours after cold challenge. They were collected in 4 ml
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potassium oxalate and sodium fluoride anticoagulant tubes (Vacutainer®). Packed cell
volume was measured immediately on the first sample via haematocrit and the sample was
centrifuged as soon as possible at 3200 rpm for 10 minutes and the plasma taken and frozen
immediately at -18°C. Only the first blood sample was assayed for lactate and glucose using
the methods outlined in Chapter 4 (pp. 98). Inter assay coefficients of variation were <0.53%

and <2.3% for glucose and lactate respectively.

5.2.7 Statistical analysis

Data were analysed using PROC GLM and PROC MIXED in SAS where breed, sire-within
breed, litter size and birth order were fitted as fixed effects for early physiological and
morphological data and early behaviours. Birth order and the order the vest went on (ice vest
then control or vice versa) were confounded as first born lambs always had the ice vest on
first followed by the control vest and second born lambs were the opposite. Treatment period
(before, ice vest, control vest and after) was an additional fixed effect included for the
analysis of the effect of ice vest challenge on behaviour and rectal temperature. Time (before
and after ice vest) was also included as a fixed effect for the behavioural test parameters.
Birth weight was fitted as a covariate in all models. Correlations between EBV for INF lamb
vigour score and early lamb behaviours, lamb vigour score, behavioural test measures,
plasma lactate at 10 minutes and rectal temperature at 10 minutes were also determined using
PROC CORR to calculate Pearson’s correlation coefficients and 95% confidence intervals.
Data from infra-red thermal imaging were not included for data analysis due to high ambient
temperatures (>30°C) making it difficult to differentiate the lamb surface temperatures from

air temperatures.
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5.3 Results

Birth order had no significant effect (P>0.05) on any of the measures recorded so it will not

be referred to further in these results.

5.3.1 Morphological and early physiological data

Effects of breed, sire within breed and litter size for morphological and early physiological
data are outlined in Table 5.3 and Table 5.4. Rectal temperature at 10 minutes was
significantly (P<0.05) higher for Border Leicester cross progeny than Merino progeny, but no
other parameters differed due to sire breed. PCV was the only measure to differ significantly
(P<0.05) due to sire within breed with progeny from M1 sires having lower PCV than M3
sires but M2 sires did not differ to M1 or M3 (Table 5.4). Girth circumference, plasma
glucose and plasma lactate did not differ due to litter size. For all other measures, triplet
lambs had significantly (P<0.05) lower values than twin lambs (Table 5.3). Plasma lactate
and glucose levels did not differ significantly due to breed or sire within breed (P>0.05, Table

5.3 & Table 5.4).

5.3.2 Early behaviours

Time to suckle was the only early behaviour to differ significantly (P<0.05) but only due to
sire within breed (Figure 5.1 & Table 5.6). M1 progeny were significantly faster than M2
and M3 progeny to suckle and BL1 and BL3 progeny were significantly faster than BL2
progeny. No other early behaviours differed significantly due to breed, sire within breed or
litter size (Table 5.5 & Table 5.6). Vigour score differed significantly (P<0.01) due to sire

within breed (Figure 5.1) and tended to differ due to breed (P=0.08) and litter size (P=0.09)
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(Table 5.5). M1 progeny had higher vigour scores than M2 and M3 lambs but Border

Leicester progeny did not differ between sires (Table 5.6).

5.3.3 Ice vest challenge

Rectal temperature variation did not differ significantly due to the ice vest challenge (Figure
5.2a) or litter size. Rectal temperature variation differed significantly (P<0.01) due to sire
within breed (Figure 5.2b) and breed. Border Leicester cross lambs had greater variation in

rectal temperature than Merino lambs (0.16+0.01 °C and 0.12+0.01 °C, respectively).

Behaviours during the ice vest challenge differed due to the treatment period i.e. before,
during or after ice vest (Figure 5.3). The proportion of time spent sitting was greatest while
the ice vest and control vest were on. The proportion of time spent standing, moving and
suckling was lowest while the ice vest and control vest were on compared to before and after
the presence of the vests. There was no significant (P>0.05) effect of breed, sire within breed

or litter size on these behaviours.

5.3.4 Behaviour test

Table 5.7 and Table 5.8 show the differences in behavioural test scores due to breed, sire
within breed, litter size and time (before and after challenge). Overall score differed
significantly (P<0.05) due to breed with Border Leicester cross lambs scoring more highly
than Merino lambs (Table 5.7). Movement and overall score differed significantly (P<0.05)
due to sire group. The number of vocalisations tended to differ due to breed with Border
Leicester progeny making more vocalisations than Merino progeny (P=0.08). There were no
significant (P>0.05) differences in any measurements due to litter size or timing of the test

(Table 5.8).
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5.3.5 Correlations to INF vigour score
The correlation coefficients between EBVs for INF lamb vigour score and time to suckle,
vigour score, overall score in the behaviour test, plasma lactate and rectal temperature at 10

minutes were 0.77, -0.67, -0.29, 0.68 and -0.71, respectively (see Table 5.9).
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Table 5.3: Least square means and standard errors (n) for morphological and physiological parameters according to breed and litter size.

Breed

Litter size

Border Leicester

Merino

Twin

Triplet

Birth weight (kg)

Rectal temp 10 mins (°C)
Rectal temp 3 hours (°C)
Packed cell volume (%)
Lactate (mmol/L)
Glucose (mmol/L)

Crown rump length (cm)
Girth circumference (cm)

3.29+0.12 (35)

39.88+0.13 (35)
39.51+0.13 (35)
33.68+1.10 (33)

6.19+0.56 (34)
1.67+0.45 (34)

40.39:+0.49 (35)
35.02+0.32 (35)

3.07+0.11 (38)

39.55+0.12° (37)

39.45+0.09 (38)
35.14+1.04 (38)
7.22+0.54 (37)
2.72+0.43 (37)
40.91+0.46 (38)
34.78+0.31 (38)

3.53+0.137 (58)
39.92+0.13% (57)
39.62+0.10° (58)
37.14+1.18% (56)
6.72+0.61 (56)
2.31+0.48 (56)
41.55+0.52% (58)
34.96+0.35 (58)

2.84%0.16" (15)
39.50+0.17" (15)
39.32+0.12° (15)
31.69+1.49° (15)
6.69+0.77 (15)
2.07+0.61 (15)
39.75+0.66" (15)
34.84+0.44 (15)

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 5.4: Least square means and standard errors (n) for morphological and physiological parameters for sire-within breed.

Sire within breed

M1

M2

M3

BL1

BL2

BL3

Birth weight (kg)

Rectal temp 10 mins (°C)
Rectal temp 3 hours (°C)
Packed cell volume (%)
Lactate (mmol/L)
Glucose (mmol/L)

Crown rump length (cm)
Girth circumference (cm)

3.19+0.18 (14)
39.75+0.19 (14)
39.51+0.13 (14)
31.58+1.62% (14)

6.69+0.86 (13)

2.39+0.69 (13)
41.68+0.72 (14)
34.35+0.49 (14)

2.92+0.18 (11)
39.47+0.18 (11)
39.36+0.13 (11)
35.66+1.61% (11)

7.7120.83 (11)

2.52+0.66 (11)
39.77+0.71 (11)
35.08+0.48 (11)

3.10+0.17 (13)
39.42+0.18 (12)
39.47+0.13 (13)
38.19+1.52°(13)

7.27+0.77 (13)

3.2620.63 (13)
41.27+0.67 (13)
34.91+0.46 (13)

3.21%0.16 (15)
39.63+0.16 (15)
39.33+0.12 (15)
35.34+1.50 (13)
5.27+0.76 (14)
1.5620.60 (14)
40.42+0.64 (15)
35.93+0.43 (15)

3.12+0.22 (7)
39.97+0.22 (7)
39.53+0.16 (7)
30.09+1.93 (7)
6.37+0.99 (7)
1.6240.79 (7)
39.73+0.86 (7)
34.01+0.58 (7)

3.54+0.19 (13)
40.04+0.19 (13)
39.62+0.14 (13)
35.61+1.67 (13)
6.96+0.86 (13)
1.83+0.69 (13)
41.03+0.74 (13)
35.12+0.50 (13)

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 5.5: Least square means and standard errors (n) for early behaviours for breed and litter size.

Shake head (log min+1)
Reach knees (log min)
Attempt to stand (log min)

Stand (log min)

Reach udder (log min)
Suckle (log min)

Vigour score

2.31+0.14 (28)
3.06+0.13 (29)
3.42+0.13 (29)
3.95+0.12 (28)
3.61+0.17 (30)

2.24+0.13 (31)
3.12+0.12 (31)
3.65+0.1 (31)
4.14+0.10 (31)
3.26+0.16" (35)

2.51+0.15 (47)
3.22+0.14 (48)
3.62+0.13 (48)
4.05£0.12 (48)
3.16+0.18 (51)

Breed Litter size
Border Leicester Merino Twin Triplet
0.82+0.14 (16) 0.48+0.11 (21) 0.75+0.15 (31)  0.55+0.22 (6)
1.71+0.13 (22) 1.43+0.14 (21) 1.67+0.16 (35)  1.48+0.20 (8)

2.03+0.21 (12)
2.97+0.19 (12)
3.45+0.18 (12)
4.05£0.17 (11)
3.71+0.23 (14)

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 5.6: Least square means and standard errors (n) for early behaviours for sire-within breed.

Sire within breed

M1 M2 M3 BL1 BL2

BL3

0.42+0.18 (8) 0.680.18 (7) 0.34%0.18 (6) 0.8420.19 (6) 0.820.24 (4)
1.210.21 (8) 1.59+0.19 (8) 1.49+0.25 (5) 1.7240.18 (10)  1.66+0.23 (5)
1.9240.22 (11)  2.28+0.22(9)  2.51+0.20 (11)  2.52+0.19 (12)  2.19+0.26 (6)
2.79+0.20 (11)  3.25+0.20 (9)  3.30#0.18 (11)  2.95#0.17 (13)  3.32+0.24 (6)
3.44+0.19 (11)  3.77+0.19 (9)  3.74#0.18 (11)  3.31#0.17 (13)  3.68+0.23 (6)
Suckle (log min) 3.92+0.17° (11)  4.13+0.17*(9)  4.38+0.15" (11)  3.81#0.15% (13)  4.29+0.22° (5)
Vigour score 3.96+0.26% (11)  2.87+0.24"(11)  2.96+0.23° (13)  3.42+#0.23(13)  3.40+0.31 (6)

Shake head (log min+1)
Reach knees (log min)
Attempt to stand (log
Stand (log min)

Reach udder (log min)

0.80+0.21 (6)

1.75+0.22 (7)

2.22+0.23 (10)
2.94+0.21 (10)
3.27+0.20 (10)
3.76+0.18° (10)
4.010.27 (11)

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 5.7: Least square means and standard errors for breed and sire group differences in behavioural test scores.

Breed Sire within breed
Border Merino M1 M2 M3 BL1 BL2 BL3
n=35 n=38 n=14 n=11 n=13 n=15 n=7 n=13
Number of vocalisations 15.1+15 11.6+1.4 13.3+2.1 84+21 13.1+19 135+1.9 154425 16.5+2.2
Vocalisation score 2.1+0.1  1.9+0.1 1.940.2  1.7#0.2  2.0#0.1  2.0+0.1  2.3+0.2  1.9+0.2
Movement score 1.240.3  0.8+0.3 1.740.4° 0.1+04° 0.8+04° 09+04  1.7¢05 1.1+0.4
Overall score 2.7+0.2%  2.1+0.2° 2.840.3% 1.3+0.3" 2.3+0.3* 2.3+0.3® 3.3+04" 2.5+0.3

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 5.8: Least square means and standard errors for litter size and time differences in behavioural test scores.

Litter size Time
Twin Triplet Before IV challenge  After 1V challenge
n=58 n=15 n=73 n=72
Number of vocalisations 13.9+15 12.8+1.9 15.1+1.4 11.7£1.4
Vocalisation score 2.0+0.1 1.9+0.1 2.0+0.1 1.940.1
Movement score 0.7+0.3 1.3+0.4 1.0£0.3 1.0£0.2
Overall score 2.2+0.2 2.6x£0.3 2.5+0.2 2.310.2

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 5.9: Correlations between Sheep CRC Information Nucleus Flock estimated breeding values for vigour score and behaviour and
physiological traits.

Pearson’s correlation coefficient pvalue 95% Confidence intervals

Time to suckle 0.77 0.07 -0.19 - 0.97
Vigour score -0.67 0.14 -0.96 - 0.36
Overall score -0.29 0.58 -0.88 - 0.70
Rectal temperature at 10 mins -0.71 0.12 -0.96 - 0.32
Lactate 0.68 0.14 -0.36 — 0.96
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5.4 Discussion

The results from this experiment indicate that within-breed sire variation may be more
important than variation between breeds for lamb vigour. Very few vigour measures differed
due to sire breed but time to suckle, vigour score and various behavioural test measures all
differed due to sire within breed. However, in the experiment reported here, crossbred lambs
were being compared to purebred lambs rather than comparing two completely separate
breeds of lambs. In several studies (Dwyer 2003; 2005; Dwyer and Lawrence 2000; 2003)
comparing Scottish Blackface lambs to Suffolk lambs, distinct breed differences in lamb
vigour measures have been observed with the Blackface lambs being more vigorous than the
Suffolk lambs in terms of time to stand and suckle, play activity and subsequent survival.

This work did not consider the effect of within breed sire variation on lamb vigour.

Crossbred lambs have been reported to have improved vigour and survival when compared to
purebred lambs (Fogarty 1972; Fogarty et al. 2000; Nowak et al. 1987; Wassmuth et al.
2001). In this experiment it was found that vigour, as measured by time to stand and suckle,
did not vary due to sire breed but rather sire variation within breed was important particularly
for Merino sires. The fact that sire differences within breed exist for lamb vigour suggests
that selection for improved vigour may be a useful indirect selection criteria to improve lamb
survival (Sawalha et al. 2007). Low favourable genetic correlations (-0.22) between lamb
survival and lamb vigour have been reported (Brien et al. 2009; Brien et al. 2010) supporting
this suggestion although, genetic improvement in either vigour or survival would be slow due

to the low heritabilities reported for these traits (Brien et al. 2009).

The observation that crossbred lambs tended to make more vocalisations when separated

from their dam has also been reported by Nowak (1989) who found that crossbred lambs
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bleated twice as much as Merino lambs. Crossbred lambs in that study were also better able
to perform a discrimination test than purebred Merino lambs although data on whether this
translated into survival differences was not reported. However, work from the Sheep CRC
INF has shown genetic associations between vocalisations at tagging and lamb survival

(Brien et al. 2010).

Behavioural differences shown between when the ice vest was on and before and after the
vest suggest that the use of the vest, rather than the cold per se, was influencing lamb
behaviour. The vest appeared to suppress activity in the lamb as shown by a greater
proportion of time spent sitting or lying while the vest was on compared to when it was
removed. Suckling bouts were higher when the vest was not present. Behaviour while the
warm vest was on was similar to that observed with the cold vest which tends to reinforce
that it was the vest rather than the temperature affecting lamb behaviour. The lack of
difference in recorded behaviours following the cold challenge may be more a reflection of
the inadequacy of the challenge in this study than in the utility of the test. In this experiment,
ambient maximum temperatures were often over 30°C and it may be that the vests helped to
minimise difficulties due to excessive warmth rather than inducing cold stress. However, the
use of an ice vest for a cold challenge needs to be revised or an alternative is necessary in

order to elicit a large effect without the confounding effect on behaviour.

The correlations between sire EBVs for INF lamb vigour and time to suckle, lamb vigour
score, plasma lactate and rectal temperature at 10 minutes in the current experiment confirm
the utility of lamb vigour score as a trait to target for genetic improvement in lamb survival.
Despite the wide age range of lambs used, this score, based on restraint and release

behaviour, appears to provide a correlated measure of lamb vigour as determined by a more
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detailed assessment in the current experiment where the time of birth is known. This
suggests that the field based measure of vigour is providing information on the metabolic

status of the lamb and key behavioural measures and therefore the likelihood of survival.

This experiment has shown that sire variation in key lamb vigour measures exist and that
there may be potential for genetic improvement based on selection for lamb vigour. The high
correlations between EBV for vigour and various behavioural and physiological measures
support the use of a vigour scoring system when selecting for lambs with improved vigour. It
would therefore be useful in a production system where lambs are tagged and/or handled
soon after birth to potentially be used for selection. Further work is required to determine the
extent of the variation in lamb vigour measures and the heritability of these measures to

establish how useful they would be for use in a selection program.
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Chapter 6: Sire effects on neonatal lamb vigour and following behaviour

6.1 Introduction

Merino ewes are renowned for their gregariousness which, although it may diminish at
lambing, may impact on the time the ewe spends at the birth site before returning to the flock
(Alexander et al. 1983). Time spent at the birth site is central to the formation of a strong
ewe-lamb bond which in turn leads to improved lamb survival (Murphy et al. 1994a; Putu et
al. 1988a). Ideally, ewes should remain at the birth site for at least 6 hours (Kilgour et al.
1982; Murphy et al. 1994a; Nowak 1996). However, in Australian studies, Merino ewes tend
to spend much less time at the birth site with reports ranging from 1.3 — 3.5 hours (Bickell et
al. 2010; Murphy et al. 1994a; Stevens et al. 1982). Other breeds such as Romneys and
Dorset Horns have been shown to spend more time at the birth site (up to 11 hours) than
Merino ewes (Alexander et al. 1984; Alexander et al. 1983; Kilgour et al. 1982). Due to the
relatively short amount of time the Merino ewe and her lambs spend alone at the birth site,
there is increased pressure on Merino lambs to stand and suckle quickly so as to access
colostrum and establish an appropriate bond with their dams. Lambs then need to be mobile
enough to maintain contact with the ewe as she moves away from the birth site to join the

flock.

Stevens et al. (1982) found that 29% of twin lambs became permanently separated from the
ewe after leaving the birth site and of these lambs, 88% subsequently did not survive.
Alexander et al. (1983) have shown breed differences in the proportion of lambs becoming
separated from the ewe early in life with Merino ewes having a higher proportion of lamb
separation and mortality than Romney or cross bred ewes. This breed difference was thought

to be due to Merino ewes being more mobile and inherently more gregarious than Romney
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ewes (Alexander et al. 1983). Therefore, they were more likely to move away from the birth
site to rejoin the flock before the lambs were mobile or an adequate bond had been

established.

An extensive amount of information is available on the ability of ewes and lambs to identify
each other from an alien ewe or lamb; however, most of these data refer to lambs that are at
least 12 hours of age (Cloete and Scholtz 1998; Cloete et al. 2005; Nowak 1990; Nowak and
Lindsay 1990; Nowak et al. 1989). This information has been used to assess the strength of
the ewe lamb bond and therefore, the ability of the ewe-lamb unit to maintain contact. Data
on the discriminative ability, following behaviour and ability to respond to the ewe in lambs
less than 12 hours of age is lacking. Aside from the birth process, lambs may be exposed to
other physiological stressors such as exposure to cold, which may also impact on their ability
to perform critical behaviours associated with retaining contact with their mother during the
first few hours of life. The ability of the lamb to continue to respond to and maintain contact
with the ewe when exposed to additional stressors may be a significant determinant of the

probability of starvation-mismothering losses occurring.

There seems to be no studies that have examined the variation in the capacity of lambs to
retain following activity under stressful conditions although there is evidence of genetic
differences in the incidence of starvation-mismothering losses (Everett-Hincks and Dodds
2007; Gudex et al. 2005). Gudex et al. (2005) reported sire and breed differences in neonatal
lamb losses due to starvation exposure and recent data from the Sheep CRC information
nucleus flock (Brien et al. 2010) has shown sire differences in lamb survival within breeds
and differences in the causes of loss in the first 3-7 days post partum. In the latter, there is

preliminary evidence to show some sires appear to have a higher proportion of lamb mortality
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due to starvation-mismothering compared to others (F. Brien pers. comm.). In the
experiment reported here, it was hypothesised that sires with high losses due to starvation-
mismothering would produce lambs that were less vigorous in terms of the time taken to
stand and suckle and who were also less responsive to the ewe during the period they would
normally be on the birth site compared to lambs from sires that had no lamb losses. It was
also hypothesised that these differences would be accentuated when the lambs were under the

physiological stress of cold.

6.2 Materials and Methods
This experiment was conducted with the approval of the CSRIO FD McMaster Laboratory

Animal Ethics Committee, AEC no. 10/04.

6.2.1 Animals and Management

Three hundred multiparous Merino ewes were oestrus synchronised (CIDR®), given a
400 i.u. injection of PMSG (Pregnecol®) and joined randomly to one of four Merino sires via
artificial insemination. Ewes were joined in four groups (n=75) each a week apart. Sires
were selected from data obtained in the 2009 Sheep CRC information nucleus flock (Brien et
al. 2010) lambing with two sires having progeny losses to three days predominately due to
starvation/mismothering, and the other two sires had no lamb losses to three days (Table 6.1,
M. Hebart pers. comm.). The sire progeny were combined to result in two groups of lambs,
namely high-loss and no-loss. Ewes were pregnancy scanned for litter size between day 60
and 81 of pregnancy and only twin bearing ewes were selected for this experiment. Ewes
were maintained on pasture until three weeks before expected lambing when they were fed

supplementary lucerne based animal house pellets (200 g/ewe/day) to prepare them for the
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animal house. Ewes were weighed and body condition scored every two weeks from

scanning until entry into the animal house.

Table 6.1: Sire information from 2009 Sheep CRC INF lambing (M. Hebart, pers. comm.).

Sire Loss to 3 days EBV survival to 3 days
High loss 1 10.2% -0.043
High loss 2 6.3% -0.026
Low loss 1 0% 0.031
Low loss 2 0% -0.007

6.2.2 Treatments and protocols

At day 143 of pregnancy, ewes were allocated randomly to individual pens (1.2 m x 1.2 m)
where they were fed ad libitum lucerne based animal house pellets (ME=9.04 MJ/kgDM,
CP=16.2%) and lucerne hay. Ewes remained in the animal house until their lambs were at
least 24 hours of age. From day 146 of pregnancy, ewes were under constant monitoring and
video recording began at the first sign of lambing up until the lamb was 3 hours of age.
Average daily minimum and maximum temperatures in the animal house were 5.1°C and

14.8°C, respectively.

Ten to 15 minutes after birth, lambs had a blood sample taken and rectal temperature
measured. At 3 hours of age, lambs were removed from the pen to measure birth weight,
crown rump length, girth circumference and rectal temperature. Lambs were also tagged at
this time and had a temperature logger (Seastar®) inserted rectally. Time to perform early
behaviours and a vigour score were assessed from video of the first three hours following

birth. For definitions of behaviours and vigour score see Chapter 4, pp. 98.
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Between 4 and 6 hours of age, the ewe and lambs were moved to another pen for treatment.
Lambs were allocated to either the control group (remain at ambient temperature) or the cold
challenge group with birth order randomised across treatment groups. Cold challenged lambs
were first wetted with ice water and were kept wet by using a spray pack to apply cold water
every 15 minutes. Refrigerated air (6°C) was blown across the lamb at a rate of 5 m/s for an
hour. Control lambs were not wetted and were kept out of the wind and the ewe remained in
close proximity to both lambs throughout the treatment time. The cold challenge was
designed to produce a cold stress index (CSI) of at least 1250 kJ/m?/h (average 1257 kJ/m?/h)
while the control lambs had a CSI of less than 900 kJ/m?h (average 832 kJ/m?h). CSI was
calculated according to Donnelly (1984) who reported that lamb survival decreased
significantly at a chill index greater than 1000 kJ/m?h. This was based on the work by
Nixon-Smith (1972) who reported a high chill risk at a CSI greater than 963 kJ/m°/h and an
extremely high risk at 1256 kJ/m?h. Each lamb was in a small cage so they could not suckle

the ewe during the one hour treatment period.

Prior to treatment, a 4 ml blood sample was taken from each lamb via jugular venipuncture.
A second blood sample was taken following the treatment and a modified barrier test
performed on the lamb. The modified barrier test was the same as that detailed in Chapter 3
(pp. 78) with a Merino ewe bleating used as the audio cue. The following measures were
taken during the behaviour test:

Number of vocalisations

- Number of grids crossed
- Vocalisation score (1 — no response; 2 — some bleating; 3 — loud, distressed bleating)
- Linear movement score — 0 to 5 based on how far they move from the barrier towards

the ewe
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- Overall score (See Table 3.8 pp. 79)

Two hours after the end of the treatment, the temperature logger was removed from the lamb.
Ewes and lambs were left undisturbed until 24 hours postpartum when another rectal
temperature was measured on the lambs. The ewe and lambs were then moved into a small

paddock surrounding the animal house and no further measurements were taken.

6.2.3 Blood assays

Packed cell volume (PCV) was measured on the initial blood sample (10 — 15 min post
partum) prior to centrifugation. Samples were centrifuged at 3200 rpm for 10 minutes and
the plasma collected and frozen immediately for later analysis. Glucose was assayed at all
sampling times but lactate was only assayed in the 10 — 15 min sample. Methods used for the
blood analyses were the same as those detailed in Chapter 4 (pp. 98) with coefficient of

variation for glucose and lactate being <0.53% and <2.3% respectively.

6.2.4 Statistical analyses

Data were analysed using PROC GLM and PROC MIXED in SAS. The model included the
fixed effects of sire group (high- or no-loss) and birth order for early behaviours, rectal
temperatures, crown rump length, girth circumference, PCV, and lactate and glucose at the 10
— 15 minute sample. An additional fixed effect of treatment (cold or control) was included
for measures taken during or after the cold challenge. An additional fixed effect of sample
time (birth and 3 hour, or before and after cold challenge) was used for plasma glucose levels.
Birth weight differed due to sire group so was subsequently included as a covariate. Rectal
temperature response curves were plotted over the cold challenge. From these, the area under

the response curve, range, standard deviation, peak rectal temperature during cold and during
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the behaviour test and the difference between peaks were calculated for analysis. Early

behaviour data were transformed using a natural logarithmic scale prior to analysis.

6.3 Results

6.3.1 Early morphological and physiological measures

Birth weight differed significantly due to sire group with high loss progeny being
significantly (P<0.05) heavier than no-loss progeny. Rectal temperature at 10 — 15 minutes
of age was significantly (P<0.001) lower in the no-loss sire group compared to the high-loss
group. However, this difference was not apparent by three hours of age and similarly at 24
hours of age (Table 6.2). Birth order was not significant (P>0.05) for any of the early life
progeny measures as shown in Table 6.2. There was a significant interaction (P<0.05)
between sire group and birth order for rectal temp at 10 mins (Figure 6.1). Girth
circumference, crown rump length, packed cell volume, lactate and glucose at the 10 — 15
minute sample did not differ significantly due to sire group or birth order (Table 6.2).
However, at the 3 hour sample, glucose levels had increased and there was a significant sire

group by sample time interaction (Figure 6.2).

Table 6.2: Least square means and standard errors for early life measures.

Sire group Birth order
No-loss High-loss 1 2
n=33 n=30 n=32 n=31
Birth weight (kg) 3.69+0.09° 3.98+0.10° 3.93+0.10 3.7440.10

Rectal temp 10mins (°C) 38.98+0.13"  39.50+0.13°  39.35x0.13  39.13#0.13
Rectal temp 3 hours (°C) 39.79+0.06 39.85£0.07  39.83+0.06  39.81+0.06
Rectal temp 24 hours (°C) 39.51+0.08 39.55+0.08  39.58+0.08  39.48+0.08
Crown rump length (cm) 44.03+0.49 43.90+0.51 44.42+0.49  43.52+0.50
Girth circumference (cm) 36.51+0.26 36.81+0.27 36.70+0.26  36.62+0.26

Packed cell volume (%0) 31.9+0.7 33.8+0.7 33.2+0.7 32.7£0.7
Lactate (mmol/L) 7.6x0.4 6.8+0.4 7.4+0.4 7.0+0.4
Glucose (mmol/L) 3.3+0.3 3.1+0.3 4.9+0.3 4.3+0.3

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Figure 6.1: Interaction (P<0.05) between sire group and birth order for rectal temperature at
10 minutes. Error bars represent standard errors and asterisks indicate means that differ

significantly (P<0.05).
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Figure 6.2: Interaction (P<0.05) between sire group and sample time for plasma glucose

concentration. Error bars represent standard errors and asterisks indicate means that differ

significantly (P<0.05).

6.3.2 Early lamb behaviours

Figure 6.3 shows sire group differences in early lamb behaviours and vigour score. Lambs
from the no-loss sire group were significantly (P<0.05) faster to attempt to stand and to stand,
and tended (P=0.07) to reach the udder and suckle faster than lambs from the high-loss group.
Lambs from the no-loss group also had a significantly (P<0.01) higher vigour score
compared to the high-loss group. Time to shake head and reach knees did not differ (P>0.05)
between sire groups. There were no significant differences (P>0.05) in early behaviours due

to birth order.
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Time (log mins)
Vigour Score

Early behaviour
Figure 6.3: Differences in time to perform early behaviour between no-loss (black bars) and
high-loss (grey bars) sires. Asterisks indicate behaviours that differ significantly (P<0.05)

and error bars represent standard errors.

6.3.3 Rectal temperature response to cold challenge

Rectal temperature data during the 60 minute cold challenge is shown in Table 6.3. The area
under the curve was the only temperature parameter to differ significantly (P<0.001) due to
sire group. A significant (P<0.01) sire group x treatment interaction was found for the
standard deviation and the range of rectal temperature during the cold challenge (Figure 6.4).
There was a greater difference between treatments for the no-loss sire group compared to the
high-loss group for both measures. All measures except peak rectal temperature during the

behaviour test differed significantly (P<0.01) between treatment groups. Cold treated lambs
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had a significantly greater area under the rectal temperature response curve, standard
deviation, peak during treatment, range during treatment and difference between peaks than
control lambs. There was no effect (P>0.05) of treatment on plasma glucose concentration
(Table 6.3) however, concentrations increased following the treatment period (before:
6.0+£0.5 mmol/L; after: 8.5£0.5 mmol/L) regardless of treatment. No parameters differed

(P>0.05) due to birth order.

6.3.4 Modified barrier test performance

Performance in the modified barrier test differed significantly (P<0.01) between treatment
groups for all parameters (

Table 6.4). Control lambs were more likely to reach the ewe than cold lambs (26% compared
to 0%, Chi’=9.5 P=0.002). However, there was no difference (P>0.05) in the number of
lambs reaching the ewe due to sire group. Control lambs had significantly (P<0.01) higher
scores than cold lambs for linear movement, bleat, alertness and overall behaviour scores.
The number of bleats was the only behaviour that differed significantly (P<0.001) due to sire
group with high-loss lambs bleating more than no-loss lambs. First born lambs had higher
linear movement and overall behaviour scores in the behaviour test than second born lambs.
There was a significant (P<0.01) birth order by treatment interaction for all measures except
the number of grids crossed during the test. There were no differences (P>0.05) between
birth order for cold treated lambs, but control lambs differed in behavioural responses due to
birth order (Figure 6.5). Of the lambs that reached the ewe, there were no significant
(P>0.05) differences in the time to reach the ewe, bleat rate or the number of grids crossed for

sire group or birth order (Table 6.5).
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Figure 6.4: Interaction between sire group and treatment group for the range and standard
deviation of rectal temperature during the cold challenge. Error bars represent standard errors

and asterisks indicate means that differ significantly (P<0.05).

HE Birth order 1
[ Birth order 2

Score

Ly

Cold. Control. Cold, Control, Cold'" Control' Cold Control

Linear Move Bleat Alert Overall

Treatment
Figure 6.5: Interactions between treatment and birth order for behaviour test measures. Error

bars represent standard errors and asterisks indicate means that differ significantly (P<0.05).
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Table 6.3: Least square means and standard errors (n) for rectal temperature parameters for sire group and treatment.

Sire Group Treatment Birth Order
No-loss High-loss Cold Control 1 2
Area under the curve (°Cmin) 2349.91+3.76% (27)  2337.09+3.99° (24) 2354.46+4.01* (23)  2332.55%3.62" (28) 2341.4943.79 (26)  2345.52+3.89 (25)
Standard deviation (°C) 0.19+0.01 (27) 0.19+0.01 (24) 0.21+0.01% (23) 0.16+0.01° (28) 0.19+0.01 (26) 0.18+0.01 (25)
Peak during cold challenge (°C) 40.05+0.07 (29) 39.89+0.07 (24) 40.15+0.07% (25) 39.80+0.07° (28) 39.93+0.07 (28) 40.02+0.07 (25)
Peak during behaviour test (°C) 39.79+0.07 (27) 39.69+0.08 (24) 39.68+0.08 (23) 39.79+0.07 (28) 39.74+0.07 (27) 39.74+0.07 (24)
Difference between peaks (°C) 0.31+0.05 (27) 0.21+0.05 (24) 0.51+0.06% (23) 0.01+0.05" (28) 0.23+0.05 (27) 0.29+0.05 (24)
Range of rectal temp during cold challenge (°C) 0.63+0.03 (27) 0.59+0.03 (24) 0.68+0.04% (23) 0.54+0.03" (28) 0.62+0.04 (26) 0.60+0.04 (25)
Plasma glucose (mmol/L) 6.63+0.55 (33) 7.89+0.57 (30) 7.26+0.55 (32) 7.27+0.55 (31) 7.860.55 (32) 6.67+0.56 (31)

Different superscripts within rows indicate means that differ significantly (P<0.05)

Table 6.4: Least square means and standard errors for sire group, treatment and birth order for behaviour test measurements.

Sire Group Treatment Birth Order
No-loss High-loss Cold Control 1 2
n=33 n=29 n=31 n=31 n=31 n=31

No. of bleats 12.342.7*  26.4+2.8" 14.442.7%  24.4+2.7° 21.4+27 17.3+2.7
No. of grids crossed 6.2+1.4 6.7+1.4 3.1+1.4° 9.741.4° 6.9+1.4 5.9+1.4
Linear movement score 1.0£0.3 1.4+0.3 0.4+0.3° 2.0£0.3° 1.740.3*  0.7+0.3"
Bleat score 1.8+0.1 2.0£0.1 1.6+0.1° 2.2+0.1° 2.0£0.1 1.8+0.1
Alert score 1.940.1 2.1+0.1 1.5+0.12 2.5+0.1° 2.2+0.1 1.9+0.1
Overall behaviour score 1.940.2 2.2+0.2 1.240.2% 2.840.2° 2.5+0.2%  1.6+0.2°

Different superscripts within rows indicate means that differ significantly (P<0.05)
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Table 6.5: Least square means and standard errors for behaviour test measurements for those

lambs that reached the ewe.

Sire Group Birth Order
No-loss High-loss 1 2
n=2 n=6 n=7 n=1
Time to reach ewe (s) 21.8+34.7 71.2+20.4 90.2+14.7 2.8+44.2
Bleat rate (bleats/s) 0.2+0.1 0.3+0.1 0.3+0.1 0.2+0.1
No. grids crossed 7.6x2.4 10.5+1.4 9.7+£1.0 8.5+3.1

Different superscripts within rows indicate means that differ significantly (P<0.05)

6.4 Discussion

The ability of the ewe and lamb to maintain contact with each other during the early neonatal
period is essential for the development of mutual recognition and the maintenance of a food
supply for the lamb. Separation during this time (<12 hours of age) can often be permanent
resulting in lamb mortality due to starvation/mismothering. The results of the current
experiment suggest that there may be sire differences (at least in the Merino breed) in early
lamb behaviours and vigour score that have been associated with subsequent survival (Brien
et al. 2009; Brien et al. 2010). Sires that had no lamb losses recorded in the previous year
produced progeny that were quicker to stand and suckle and had higher vigour scores.
However, these differences in neonatal behaviour were not necessarily associated with
differences in the behavioural and physiological response of these lambs during a cold
challenge. Very few of the lamb responses measured during the cold challenge differed

significantly due to sire group.

As expected, cold treated lambs showed a greater change in their rectal temperature response
compared to control lambs. However, this test could be considered as a short-term (acute)
cold stress as the lambs were not forced to maintain body temperature for an extended period

and to the point where body temperature begins to decrease rapidly (Slee et al. 1990) and the
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lamb’s survival is threatened. The lack of a sire group difference in rectal temperature
suggests that during an acute cold stress, lambs from both groups responded in a similar
fashion, mounting a response to maintain body temperature. However, there were significant
sire group by treatment interactions with the no-loss cold lambs having a greater temperature
range and a higher standard deviation than control lambs. Such differences were not seen in
the high-loss lambs suggesting that the high-loss lambs may be less physiologically
responsive to a cold challenge than the no-loss lambs and thus more susceptible to cold
exposure. Sire differences in cold “resistance” have previously been reported in Merinos by
Slee et al. (1991) and it would seem that the potential interactions between response to cold

and following-behaviour may warrant further investigation using a wide range of sires.

Responses in the modified barrier test following cold treatment also did not vary due to sire
group. Cold stressed lambs performed poorly in the test regardless of sire group compared to
control lambs. Only control lambs successfully reached the ewe during the modified barrier
test suggesting that the cold stress did impact on the behavioural responses of the lambs. The
significant difference in the overall barrier test score also supports this. The significant
interaction between birth order and treatment for some of the barrier test measures suggests
that for control lambs, first born lambs performed better than second born lambs. This may
be a reflection of the first born lambs having had a longer time (average of 20 mins) to adjust
to the extra-uterine environment than second born lambs, and if true indicates that rapid
developmental changes are occurring at this time. However, for cold animals, first and
second born lambs both performed poorly suggesting that the cold suppressed any differences
that may exist affirming the severe effects that cold exposure can have on lamb behaviour

(Alexander and Williams 1966b).
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The timing of the cold stress was designed to correspond to a time when the ewe may be
moving away from the birth site. Therefore, it indicates whether the lamb would be able to
maintain body temperature and also produce an appropriate behavioural response to maintain
contact with the ewe. The fact that no lambs from the cold treatment were able to reach the
ewe in the test protocol suggests that this ability is inhibited when lambs are cold. The lack
of a sire group difference or interaction suggests that the impact of cold on neonatal
behaviour may be independent of any genetic differences in vigour although this warrants
further investigation. Also, the modified barrier test may not accurately reflect a field based
situation as a model ewe rather than the dam was used and there was no
movement/responsiveness of the ewe which may have influenced lamb responsiveness while
under a physiological stress. However, it may reflect situations where the expression of
maternal behaviour is low or poor due to low gestational nutrition or if the ewe is primiparous

(Alexander et al. 1993; Dwyer and Smith 2008; Putu et al. 1988Db).

Sire group differences in early behaviours reported here may provide information on why the
sires used in this experiment differed in survival in a previous year’s data collection (M.
Hebart pers. comm.). The high-loss sires produced progeny that were slower to stand and
suckle. These are critical neonatal behaviours that are demonstrably associated with
subsequent lamb survival (Cloete 1993; Dwyer et al. 2001; Owens et al. 1985). Lambs that
are quicker to suckle successfully are more likely to survive possibly not due just to earlier
access to colostrum, but also to the earlier development of a robust bond with the ewe and

therefore, maintenance of access to their food supply and improved survival.

Many studies have focused on the physiological response of neonatal lambs to stressors such

as cold but there is very little data available on the behavioural responses of lambs while
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under physiological stress early in the neonatal period. The closest is possibly the study of
Pfister et al. (2006a; 2006b) who examined behavioural responsiveness of lambs affected by
locoweed poisoning. In a barrier test, similar to the modified barrier test used in the current
experiment, locoweed affected lambs were significantly slower to reach their dams than
normal lambs and performed other behaviour tests poorly, indicating impaired cognitive
ability. This pattern corresponds to the cold treated lambs in this experiment of which none
were able to reach the ewe. Perhaps a discrimination test while lambs are cold stressed may
have been beneficial in determining the cognitive abilities of the lamb; however, such tests to
date, have been found to be ineffective in lambs less than 12 hours of age (Nowak et al.
1987). It must also be pointed out that the cold stress used in this experiment was acute
rather than chronic and many lambs born are exposed to continuing cold conditions

throughout the first day or two of life.

The sire group differences observed in birth weight and rectal temperature at 10-15 minutes
of age show that the no-loss lambs had lower birth weights and rectal temperatures than the
high-loss lambs. However, when considered alongside normal or optimal values these
differences are possibly of little consequence. Birth weights in both groups of lambs were in
the range (3.5 — 5kg) that would be considered optimal for lamb survival on the U-shaped
curve (Alexander et al. 1959) and rectal temperatures (39 — 40 C) for both groups were also

within a normal range.

This experiment provides evidence that differences in lamb vigour exist for groups of lambs
sired by high starvation/mismothering loss or no lamb loss sires and that the effects of cold
may impact negatively on vigour and “following” behaviours. Further studies under field

conditions are needed to determine whether these early vigour differences translate to
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behavioural differences under stressful conditions at the time the ewe begins to move away
from the birth site and also whether such measures may have useful applications for indirect

selection for improved lamb survival.
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Chapter 7: General Discussion and Conclusion

The aim of this thesis was to develop methods for assessing lamb vigour to provide
information on the ability of the lamb to contribute to its own survival. This information
could potentially be used to identify traits for genetic improvement of lamb survival.
Currently, a single, simple definition of lamb vigour is lacking however it is clear that there
are two elements important for defining lamb vigour. These are the critical early behaviours
of standing and suckling and the ability of the lamb to maintain contact with the ewe as she
moves from the birth site. In this thesis, methods for assessing vigour were expanded from
the time taken to stand and suckle to other measures that enabled an assessment of the ability
of the lamb to respond to the ewe while under a physiological stress and at a time when the

ewe would most likely be moving away from the birth site.

The ability of the newborn lamb to progress through a series of critical early lamb
behaviours, especially to stand and suckle, is paramount in the subsequent survival of the
lamb (Arnold and Morgan 1975b; Cloete and Scholtz 1998). To date, the standard method of
assessing lamb vigour in an objective way is to measure the time it takes for the lamb to
perform these critical behaviours (Alexander 1958a; O'Connor and Lawrence 1992). Under
intensive production systems, such as those used in Europe, this appears to provide an
accurate assessment of the likelihood of lamb survival (Dwyer 2003; Dwyer et al. 2005;
Wassmuth et al. 2001). However, under more extensive conditions, such as those
experienced in Australia, it has been suggested that time to perform early behaviours does not
provide an accurate reflection of lamb vigour and subsequent survival (Lindsay et al. 1990).
In this thesis, it was found that the time to stand and suckle did not differ due to level of

nutrition during late pregnancy or litter size (Chapter 4), however, time to suckle did differ
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due to sire within breed (Chapter 5 and Chapter 6) and there were high correlations between

EBVs for the field score of vigour with the phenotypic measure of time to suckle.

Despite differences due to sire in the time it takes for lambs to perform these critical early
behaviours, lambs still progress through these behaviours in the time (generally < 2 hours) it
would be expected that the ewe will remain on the birth site. However, once these
behaviours have been performed, it is still critical for the lamb to maintain contact with the
ewe when she is ready to move away from the birth site. Ideally, the ewe would spend at
least six hours (Kilgour et al. 1982; Murphy et al. 1994a) on the birth site to allow the lamb
time to adjust to the extra-uterine environment and to establish a strong ewe-lamb bond.
However, in practice, particularly under Australian conditions, the Merino ewe often moves
away from the birth site less than two hours after birth (Bickell et al. 2010; Murphy et al.
1994b; Putu et al. 1988a) and may not express strong maternal behaviours to retain the link
with her lamb/s (Stevens et al. 1982; Stevens et al. 1984). It is therefore important for the
lamb/s to be ready to respond as she moves away from the birth site and to attempt to
maintain contact with her for maintenance of their food supply. In Chapter 5 and Chapter 6,
the ability of lambs to do this while under a physiological stress was tested using a modified
barrier test. It was found that cold stress reduced the ability of lambs to respond to a model
ewe and audio cue of a ewe bleating when compared to control lambs at four hours of age, a
time when according to the literature (Bickell et al. 2010; Murphy et al. 1994b) Merino ewes

would have moved from the birth site.

Sire selection in industry is based on superiority in one or more production traits such as

those related to meat and wool quality. Selection for improved lamb survival is often ignored
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as it is thought that heritabilities are too low to make worthwhile progress (Morris et al. 2000;
Safari et al. 2005; Sawalha et al. 2007; Shelton and Menzies 1970). However, from this
thesis it is evident that sire differences in lamb vigour exist (Chapter 5 and Chapter 6) and
therefore, it may be important to consider this when selecting sires. Data from the Sheep
CRCs information nucleus flock (INF) has shown that lamb vigour has moderate, favourable
correlations with lamb survival suggesting that selecting for improved lamb vigour would
improve lamb survival outcomes (Brien et al. 2009; Brien et al. 2008; Brien et al. 2010).
Work from this thesis has also shown high correlations between sire EBVs for lamb vigour
score in the INF with phenotypic measures including time to suckle, vigour score and rectal
temperature at 10 minutes of age of their progeny. This provides some validation of the lamb
vigour score used in the INF despite it being used to assess lambs varying in age from one to
24 hours of age. This suggests that the INF vigour score may be a practical means of
assessing early lamb vigour in a farm situation and highlights the potential for targeting this
trait in genetic selection programs. To test this, vigour scores needed to be used more widely
in farm situations particularly in stud breeding where lambs are being handled within the first
day of life. Vigour scores could easily be incorporated into the tagging procedure and could

therefore be used to provide information on the likelihood of survival of the lamb.

A secondary aim of this thesis was to develop novel methods for inducing and measuring
cold stress in neonatal lambs. To date most methods require the lamb to be separated from
the ewe (Alexander 1962d; Eales and Small 1980; Stott and Slee 1987) or are a simulated
cold stress (Slee et al. 1987a), producing a different physiological response when compared
to actual cold. One novel method for inducing cold stress was the use of ice vests (Chapter 3
and Chapter 5); however, it was found that the efficacy of this method was dependent on

ambient temperatures and it can also cause some disruption to the ewe-lamb bonding process,
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presumably due to the introduction of an unfamiliar scent (Vince et al. 1985). Of the
methods evaluated, the use of cold air and water provided the best method of inducing cold
stress in neonatal lambs. Measurement of the physiological response to cold stress was done
using small rectal temperature loggers so the lambs could remain with the ewe. This proved
to be a useful way of continuously logging body temperatures changes and did not appear to
cause too much discomfort for the lamb. Behavioural responses to cold stress were also
measured using a modified barrier test to assess lamb responsiveness. Cold stress appeared
to suppress lamb behaviours with cold stressed lambs being less likely to move towards a

model ewe when compared to control lambs (Chapter 6).

Further work on the ability of lambs to maintain an appropriate behavioural response to the
ewe while under physiological stress is needed. From this thesis it appears that even a short
duration of cold stress affects the behaviour of lambs. They become less mobile and also
appear less alert than control animals. As lambs are often under more prolonged
physiological stress in the early neonatal period due to prolonged or difficult births, cold
stress or reduced energy reserves, the implications for their subsequent behaviour and
ultimately survival is of interest. However, the development of appropriate methods of
testing this behaviour may also be needed. The modified barrier test used in this thesis may
not be the best method as other authors have shown that lambs of older ages do not respond
well to model ewes (Shillito Walser et al. 1985; Winfield and Kilgour 1976). Perhaps more
detailed work on the following ability of the lamb or the ability to negotiate a maze to reach
their mother may be more useful. Ideally this work would be done under field conditions to
provide data on lamb responses under conditions they would be exposed to in normal

paddock situations. This would also provide information on lambs under a wide range of
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physiological stresses not just cold stress. However, controlling the degree of stress and the

maternal influence would be difficult.

To date, very little work has been done on the behavioural development of the lamb from the
time it successfully suckles until about 12 hours of age when lambs begin to consistently
recognise their mother. Work is needed to determine if this is an important determinant of
how the lamb responds to the ewe as she moves from the birth site and whether it is related to

the mobility of the lambs, coordination, cognition or neuromuscular development.

7.1 Conclusion

From this thesis it can be concluded that the use of intensive recordings of time to perform
critical early behaviours is to date providing the most robust assessment of lamb vigour.
However, other behavioural measures such as field-based assessments of vigour score and the
modified barrier test are providing a valid assessment of lamb vigour. Rectal temperature at
10 minutes of age appears to be providing some physiological information on the vigour of
the lamb however more work is needed to determine the physiological basis of lamb vigour.
Selection for improved lamb survival through selection on lamb vigour traits also appears
promising as seen by the differences between sires in their lambs’ time to perform early
behaviours. The field-based measure of lamb vigour may be a useful tool in genetic

improvement programs for selecting for vigorous lambs and therefore improved survival.

Further work on the concept of lamb vigour and its importance at a time point when the ewe

is moving away from the birth site is needed. This thesis began looking at how the lamb was
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prepared in a behavioural sense to follow and maintain contact with the ewe at a time when it
would be expected she would be moving from the birth site; however, more work on the
physiological basis of this behaviour is required. This thesis showed that cold stress can
suppress the behaviour of the lamb under an animal house based assessment. However, more
work under field conditions is required to determine the importance of the ability of the lamb
to maintain appropriate behavioural responses to the ewe particularly while under a

physiological stress.

While this thesis has particularly focused on the lamb, it must be remembered that the ewe
has an important role to play in the survival of her lamb/s. Although it is clear that the lamb
also contributes to its survival, it is impossible to quantify from this work who (the ewe or the
lamb) has the greater responsibility for survival and this responsibility may differ markedly

with changes in management, environment and nutrition.
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