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Summary 

 

The selection of Merino sheep for a calm temperament has been previously proposed to 

improve lamb survival by improving the expression of maternal behaviour in calm 

ewes. However, the effects of the selection process on ewe and lamb behaviour and the 

establishment of a mutual bond are still unknown despite these temperament traits 

having been selected over 15 years. The aim of this thesis was to study in detail the 

extent to which the selection on temperament had affected the establishment of the ewe-

lamb bond and lamb survival, and its means of transmission from mother to young. 

This study shows that selection for temperament in Merino sheep does not affect the 

early process of ewe-lamb bonding. In a two-choice recognition test, both calm and 

nervous ewes recognised their lambs at 6 hours after parturition. Likewise, calm and 

nervous lambs showed a preference for their own mother at 18 hours after birth even 

though differences in temperament were detected in the lambs at one week of age.  

Even in the presence of a novel object, known to be a strong stressor for the nervous 

ewes, calm and nervous ewes did not differ in their ability to recognise their own lamb 

in a two-choice test. Unexpectedly however, the nervous lambs expressed better 

discriminative abilities than the calm lambs in the presence of the novel object in the 

two-choice test. In addition, when the ewes were housed indoors in individual pens, 

both temperament lines expressed adequate maternal behaviour. Hormonal secretion 

patterns of oestradiol, progesterone and prolactin, hormones involved in the onset of 

maternal behaviour during the pre and post-partum period, were similar between the 

two lines, providing further evidence to suggest that both calm and nervous mothers had 

the capacity to express adequate maternal behaviour. Under outdoor lambing conditions 

with minimal human disturbance, calm ewes licked their lamb more and tended to stay 

longer on the birth site, while nervous lambs stood up earlier and started to perform 
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exploratory behaviour earlier. However, these differences in behaviour did not lead to 

differences in lamb mortality between the two lines. Finally, it was demonstrated that 

genotype rather than non-genetic behavioural transmission determines the temperament 

of Merino lambs at weaning. It is to be noted that, because a cross fostering 

experimental design was used, other maternal influences on the development of the 

offspring can not be ruled out since the prenatal uterine environment can also affect the 

epigenetics of mammalian offspring.  

This study concludes that the differences in ewe behaviour and lamb survival previously 

reported were not due to an effect of temperament on maternal behaviour per se, but to 

some interaction of temperament with the presence of the human observer. These 

results demonstrate that the expression of a trait like temperament is mostly in response 

to a ‘triggering’ stimulus and the consequence of the expression depends on the context 

in which it occurs.  
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General introduction 
 

Lamb mortality is a significant world-wide problem as mortality rates of 15-25% are 

common in most farming systems (Nowak and Poindron, 2006). Australia is no 

exception. In 2003, it was estimated that 10 million lambs die between birth and 

weaning each year (calculated from Walker et al., 2003). Lamb losses may occur at 

various stages of the reproductive process, however it has been reported in Merino 

flocks, that the lambs dying at and around lambing account for 55.6% of total losses of 

sheep (Kleemann and Walker, 2005). As the largest proportion of losses occurs at 

lambing so, to increase farm profitability as well as animal welfare, we need to take a 

new look at this time of the reproductive process as, despite decades of research, no 

definite solution has been provided to farmers to reduce mortality rates. 

 

In addition to being social animals, ewes rapidly develop a selective bond with their 

newborn lamb. This selective bond allows only the ewe’s own lamb to suck while all 

alien lambs are rejected. Such a selective bond maximises the usage of resources and 

ensures that mothers invest their limited resources only into their own offspring’s 

survival rather than them wasting it on alien lambs. Lamb survival will therefore depend 

on early mother-young interactions as the strong bond that results from these 

interactions will ensure that food is regularly supplied to the lamb. Conversely, any 

factor likely to disturb the establishment of the bond may jeopardize the future of the 

lamb as the neonate is unlikely to be nursed by an alien mother. Therefore, one strategy 

for improving lamb survival is to optimize the expression of appropriate ewe and lamb 

behaviours so that the likelihood of a strong ewe-lamb bond being developed is 

increased. 
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Studies with Merino ewes selected for a low or high reactivity to humans and to 

isolation, respectively labelled “calm” and “nervous” (Murphy, 1999, Murphy et al., 

1998), have found an effect of temperament selection on lamb mortality rates. The 

percentage of lambs dying between birth and weaning in the calm genotype is half that 

of the nervous one (Murphy, 1999, Murphy et al., 1998). It was proposed that the higher 

rate of survival in lambs born from calm mothers compared to nervous ewes was 

because calm ewes display better maternal behaviour by grooming their lambs more, 

bleating more frequently to their young and separating less often from their lambs. It 

was hypothesized that this better maternal behaviour leads to the establishment of a 

stronger bond between calm ewes and lambs than in the nervous animals (Murphy et al., 

1998). Temperament refers to behavioural styles or tendencies that are present early in 

life and are relatively stable, both across various kinds of situations and time (Bates, 

1987, Goldsmith et al., 1987, Clark and Boinski, 1995). There is conflicting evidence as 

to whether an individuals temperament is set at birth because it can be modified by 

environmental factors, maternal behaviour being one of them (Richard-Yris et al., 2004, 

Caldji et al., 2000, Caldji et al.,1998, Anisman et al., 1998). The effects of the calm and 

nervous temperament selection process on ewe and lamb behaviour and the 

establishment of a mutual bond is unknown despite these temperament traits having 

been selected over 18 years. The aim of the research described in this thesis was to 

study in detail the effect of selection on temperament on the establishment of the ewe-

lamb bond and lamb survival, and its means of transmission from mother to young, by 

addressing the following issues:  

 

1. The development of a strong ewe-lamb bond is characterised by both ewe and lamb 

being able to identify and discriminate each other from amongst other members of 

the flock (Nowak, 1996). It was proposed that because of the longer periods of 
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separation and the lower level of grooming at parturition by the nervous mothers, 

nervous ewes and lambs would take longer to learn each others’ characteristics than 

calm animals, a factor known to influence lamb survival (Alexander, 1983, Nowak 

and Lindsay, 1992). Therefore, in order to understand how temperament could 

influence the development of the ewe-lamb bond we need to determine the extend to 

which the selection for temperament has influenced the capacity of ewes and lambs 

to establish mutual preference in the first hours after parturition.  

 

2. The spontaneous onset of maternal behaviour at parturition is largely under 

hormonal control (Poindron and Levy, 1990), even though the degree and duration 

of maternal behaviour exhibited by each animal at parturition varies between 

individuals. Previous studies have found that the level of maternal behaviour is 

correlated with the concentration of hormones during the peripartum period (Dwyer 

et al., 2004, Pryce et al., 1988). Therefore, the quality of maternal behaviour 

expressed by individuals could be due to the level of circulating hormones required 

for the onset of maternal behaviour. The differences in maternal behaviour reported 

by Murphy et al. (1994, 1998, 1999) between the two temperament lines could be 

due to differences in hormonal patterns around parturition. Therefore it is also 

important to test whether the selection on temperament has affected physiological 

determinants of the onset of maternal behaviour. 

 

3. The apparently better maternal behaviour of calm ewes could be due to either some 

direct effect of temperament selection on maternal behaviour, or to some indirect 

effect of environmental factors influencing the expression of maternal behaviour. 

Thus, the poorer maternal performance of nervous ewes in the study of Murphy et 

al. (1994, 1998, 1999) could have been caused by the greater response to the nearby 
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presence of observers recording the behaviour of the animals, especially since the 

response to humans was one of the parameters of selection (Murphy et al., 1994). 

Because it is not known if the differences in maternal behaviour recorded by 

Murphy et al. (1994, 1998, 1999) persist in the absence of a human observer, we 

need to investigate the behaviour of calm and nervous ewes and their lambs at 

pasture with human interference kept to the strict minimum. 

 

4. The transmission of a behavioural trait such as temperament from one generation to 

the next can occur through genomic and/or non-genomic behavioural transmission. 

While genetic selection of temperament or emotivity is possible, the emotional 

behaviour of mammalian and avian offspring has been reported to be influenced by 

the behaviour of the mother (Richard-Yris et al., 2004, Caldji et al., 2000, Caldji et 

al., 1998, Anisman et al., 1998), suggesting a strong non-genomic transmission of 

the trait.  On the other hand, other studies support the idea that transmission of such 

a trait is also under genomic influence (rat: Broadhurst, 1961; lambs: Boissy et al., 

2005) . 

In the two lines of sheep studied by Murphy et al. (1994, 1998, 1999), no one has 

investigated whether the level of calmness and nervousness results from genomic or 

non genomic transmission. A better understanding of the mechanisms involved in 

the transmission of this trait will help increase the efficiency of selecting calm 

temperament sheep.   
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Literature review 

 

INTRODUCTION 

Lamb mortality is a significant world-wide problem as mortality rates of 15-25% are 

common in most farming systems (Nowak and Poindron, 2006). Australia is no 

exception. In 2003, it was estimated that 10 million lambs die from birth to weaning 

each year (calculated from Walker et al., 2003). This high rate of mortality is the single 

greatest wastage in sheep production (Kelly and Lindsay, 1987) and is unacceptable 

from an economic, genetic gain, public image and animal welfare point of view. Lamb 

losses may occur at various stages of the reproductive process however, in Merino 

flocks raised in South Australia, the lambs dying at and around lambing account for 

55.6% of total loss of sheep (Kleemann and Walker, 2005). Despite decades of research, 

no definite solution has ever been provided to farmers to reduce mortality rates. As the 

largest proportion of losses occurs at lambing, in order to increase farm profitability as 

well as animal welfare we need to take a new look at this time of the reproductive 

process.  

 

At birth, lambs are immediately transferred from an internal environment where their 

warmth, protection and nutrient supply have been constantly provided by the mother, to 

an external environment where they must maintain their body temperature, find 

nutrients, obtain their own immunological protection and avoid predators. Many lambs 

do not survive this neonatal period as they fail to adapt to the huge change in their 

environment. Also, as sheep are gregarious animals a newborn lamb must keep in close 

contact with their mother amongst several hundreds of other females in order to obtain 

colostrum and a milk supply. So, lambs face an added challenge of possessing enough 

vigour to follow their mother shortly after birth when she moves away from the birth 
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site to return to the flock (Nowak, 1996). Being a social animal, ewes rapidly develop a 

selective bond with their newborn lamb. This selective bond allows only the ewes’ own 

lamb to suckle while all alien lambs are rejected. Such a selective bond maximises the 

usage of resources and ensures that mothers invest their limited resources only into their 

own offspring’s survival rather than them wasting it on alien lambs (Nowak and 

Poindron, 2006). Lamb survival will therefore depend on early mother-young 

interactions as these ensure a strong bond is established and food is regularly supplied 

to the lamb. However, to improve lamb survival it is necessary to improve ewe-lamb 

interactions so that lambs are well equipped to adapt and survive the external 

environment. 

 

This review will discuss the maternal and infantile factors affecting lamb survival. 

These are not exclusive to each other and thus form a complex interaction of factors that 

are all interlinked together and all play an important role in lamb survival (Figure 1).  

 

 

Figure 1: Diagram of the maternal and infantile factors that influence lamb survival 

(from Nowak et al., 2000).  

Maternal factors Infantile factors 
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MATERNAL FACTORS AFFECTING LAMB SURVIVAL 

A lamb’s survival is largely influenced by the morphological and physiological 

characteristics of its mother. Ewes that do not possess adequate characteristics for 

pregnancy, birth and lactation reduce their lamb’s chances of survival before it is born. 

Some of these maternal characteristics and how they impact on lamb survival will be 

presented below. 

 

Morphological and physiological characteristics 

  

Pelvic size 

Small pelvises can restrict the passage of the lamb through the birth canal, prolonging 

the process of parturition and increasing the risk of birth difficulty and dystocia 

(Haughey, 1983). A difficult and prolonged birth can exhaust the ewe and she may take 

some time to stand afterwards. Such a delay in standing, and thus ewe-lamb 

interactions, may result in the formation of a weaker ewe-lamb bond or ultimately no 

bond at all (Dwyer and Lawrence, 2005).  

 

Colostrum  

Seventy percent of the ewe’s udder development takes place during the last 4 weeks of 

gestation (Mellor and Murray, 1985) and therefore good nutrition during late pregnancy 

strongly influences colostrum production (Tygesen et al., 2008). Colostrum is a unique 

source of food for the neonate and is important for lamb survival because it is a major 

source of energy and the only source of water and immunoglobulins (Nowak, 1996). To 

survive they must quickly obtain sufficient amounts of colostrum shortly after birth. It is 

even more essential that lambs ingest the colostrum so that they obtain passive 

immunity (Shrubber and Doxey, 1979). Due to the impermeability of the ruminant 
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placenta to maternal globulins, a newborn lamb enters the world essentially devoid of 

immunoglobulins (Campbell et al., 1977). The process of passive immunoglobulin 

absorption in the intestine ceases at about 24 hours of postnatal age (McCarthy and 

McDougall, 1953, Nowak and Poindron, 2006). Therefore any delay in colostrum 

ingestion by the lamb, due to low colostrum yield, insufficient quality, or poor teat-

seeking activity, reduces the lamb’s chance of obtaining sufficient immunoglobulins 

and antibodies to protect them from infections (Sawyer et al., 1977, Nowak and 

Poindron, 2006). 

 

Maternal behaviour and factors affecting the expression of maternal behaviour 

A lamb’s survival depends on receiving good quality maternal care from its mother.  

Non-parturient females are usually aggressive or indifferent towards lambs (Dwyer et 

al., 2004). However, usually within the last 2 hours preceding birth pregnant ewes start 

showing maternal behaviour and become attracted to most newborn lambs (Arnold and 

Morgan, 1975). This spontaneous onset of maternal behaviour at parturition is brought 

about by the interaction of hormonal changes (Dwyer et al., 2004, Keverne, 1988) and 

peripheral sensory inputs such as vaginocervical stimulation (VCS) during parturition 

(Kendrick et al., 1992, Le Neindre, 1990, Poindron et al., 1988). After the initial onset, 

the ewe’s maternal behaviour will fade if she does not receive sensory cues from her 

lamb/s. Therefore, the expression and maintenance of maternal behaviour in the ewe is 

complex and affected by many factors which will be discussed below.  

 

Onset of maternal behaviour 

Mechanical stimulation experienced during the delivery of the foetus, in addition to 

various hormonal factors, has been found to induce various aspects of maternal 

behaviour such as acceptance at the udder, attraction to amniotic fluid, licking and 
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reduced aggressive behaviour (Poindron et al., 1988). Vaginal cervical stimulation 

(VCS) from the delivery of the foetus induces the peripheral secretion of oxytocin 

which stimulates uterine contractions even more by enhancing both the amplitude and 

frequency of contractions (Kacsoh, 2000). 

 

The secretion of oestradiol by the placenta is increased in the female at the end of 

gestation and peaks in the 24 hours preceding the birth of the lamb (Poindron, 2005). 

Oestradiol as well as progesterone perform an essential priming function by regulating 

the production of peptides (e.g., oxytocin) and their receptors (Kendrick et al., 1997). 

Progesterone may be inhibitory to maternal behaviour if present in high concentrations 

at birth, however, progesterone does facilitate the action of oestradiol and has been 

reported to be the cause for the reduction in aggression toward lambs (Kendrick et al., 

1997). High concentration of plasma progesterone as well as a lower ratio of oestradiol 

to progesterone is associated with low nutrition (Dwyer et al., 2003, O’Doherty and 

Crosby 1996). Therefore nutrition of the ewe during gestation and parturition can 

influence maternal behaviour (Nowak and Poindron, 2006) where under-fed ewes take 

longer to interact with their lambs (Thomson and Thomson, 1949), display more 

aggression, spend less time grooming and more time eating after birth (Dwyer et al., 

2003) and are more likely to desert their lambs (Putu et al., 1988). The decrease in the 

concentration of progesterone also facilitates the effects of VCS (Kendrick and 

Keverne, 1991). Elevated levels of oestradiol have been correlated with the expression 

of maternal care in different breeds of sheep. Higher levels of maternal care (licking and 

grooming, udder acceptance) were found in Blackface ewes that also had higher 

oestradiol concentrations immediately before birth than Suffolk ewes (Dwyer et al. 

2004). These results suggest that high concentrations of oestradiol in late gestation may 

contribute to the general increase in maternal receptiveness towards newborn lambs. 
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However, the treatment of non-pregnant ewes with high levels of oestradiol alone is 

ineffective in eliciting short-latency maternal behaviour (Le Neindre et al., 1979). 

Likewise artificial VCS is ineffective in inducing maternal behaviour in non-pregnant 

nulliparous ewes, even following steroid priming (Kendrick and Keverne, 1991). This 

demonstrates that the successful onset of maternal behaviour in the ewe relies on the 

interaction of VCS and hormonal changes. 

Hormonal changes in oxytocin and prolactin during gestation and lactation are also 

reported to facilitate the onset of maternal behaviour.  

 

Oxytocin has also been implicated in inducing maternal behaviour. Oxytocin is released 

in response to sensory stimulation of the vagina and cervix that occurs during the birth 

process. Oxytocin is released in response to the stimulus provided by distension of the 

birth canal during labour (Lévy et al., 1992) and also controls uterine contractions by 

enhancing both the amplitude and frequency of contractions (Kacsoh, 2000).  

 

Prolactin has been found to have a facilitating action on the expression of maternal 

behaviour in rats (Bridges et al., 1985) and rabbits (Gonzalez-Mariscal, 2001). 

However, it is unknown what role prolactin plays in inducing maternal behaviour in 

sheep because its concentrations are highest in late pregnancy when maternal responses 

are not shown (Kendrick et al., 1997).  

 

Once maternal behaviours are established, however, these hormones that are required 

for the onset of maternal behaviours are no longer necessary for the maintenance of 

maternal behaviours (Fleming and Li, 2002). Rather, the maintenance of maternal 

motivation in the ewe depends on cues the ewe receives from the lamb, as well as the 

interaction between the ewe and her lamb.  
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Maintenance of maternal behaviour and development of selectivity 

A ewe’s maternal behaviour will fade if she is deprived of her lamb immediately after 

birth (Poindron and Le Neindre, 1980). Therefore cues from the lamb are needed to 

ensure that the maternal behaviour of the ewe is maintained. In addition, the 

maintenance of maternal behaviour also depends on the ewe developing an exclusive 

selective attachment for her own lambs. The exclusive attachment is referred to as the 

ewe-lamb bond and is characterised by the ewe exhibiting exclusive maternal behaviour 

towards her lambs while refusing to nurse or being aggressive to all other lambs 

(Nowak, 1996).  

Olfactory cues provided by the amniotic fluid are important in assisting ewes to 

recognise their lamb’s odour. Suppression of olfactory cues from the lamb can be 

detrimental for maternal selectivity (Poindron and Levy, 1990) because olfaction is used 

by the ewe, along with lamb bleats (Nowak, 1990), to recognize her lamb at close 

quarters (Keller et al., 2003).  

 

Corticosteroids have been reported to play a role in the modulation of ongoing maternal 

behaviour during the post-partum period (Rees et al., 2004). Plasma cortisol is elevated 

in maternal mammals in late gestation and during lactation. Corticosterone has been 

shown to play a role in the modulation of ongoing maternal behaviour and to enhance 

maternal memory in rats (Graham et al., 2006, Rees et al., 2004). In sheep also, cortisol 

has been suggested to be higher in breeds and individuals that show higher maternal 

care due to the role of corticotropin releasing factor on the expression of maternal 

behaviour in sheep (Dwyer et al., 2004). However, Dwyer and Lawrence (2004) found 

that prepartum levels of cortisol in sheep were not related to maternal behaviour and 

cortisol concentration at birth was related to negative maternal behaviour. Very high 
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levels of cortisol have been negatively correlated with maternal care in primates (Bahr 

et al., 1998, Bardi et al., 2003). In gorillas, Bahr et al. (1998) found that the time a 

mother spent with her infant decreased as maternal stress (as measured by cortisol) 

increased. These findings indicate that, although corticosteroids are needed for normal 

maternal care, higher levels, in response of exposure to stressors, may be detrimental to 

maternal mood (Brummelte et al., 2006). 

 

Sheep, as with most domestic ungulates, are characterised by a strong social tendency 

(Poindron et al., 1994). Due to this gregarious behaviour they react very strongly to 

social isolation with high-pitched vocalizations and increased locomotion (Romeyer and 

Bouissou, 1992). However, during the time of parturition the social tendencies of the 

ewe seem to change as she isolates herself from the flock and can remain isolated for 

several hours. The only social contact she receives then is from her new offspring. 

Isolation from the flock seems to facilitate the formation of a strong bond between the 

ewe and lamb. The supply of adequate nutrition after parturition will ensure that the 

ewe remains on the birth site with her lambs rather than leaving early to search for food 

(Pollard and Littlejohn, 1999). In twin-bearing ewes, mothers need to remain at the birth 

site for at least 6 hours for the bonding to be successful (Alexander, 1983, Putu, 1988). 

This early postnatal period is essential for ewes and lambs because they learn the 

distinctive phenotypic ‘signature’ of each other, required for successful recognition and 

maintenance of contact (Lévy et al., 1996, Poindron et al., 1993). Failure of ewes to 

recognise their lambs can lead to separation and death of the young, especially when 

ewes leave the birth site before 6 hours (Putu et al., 1988). The amount of time that the 

ewe spends isolated from the flock is affected by breed and it appears that this may be 

due to the level of domestication of the breed since domestication and intensive 

management tends to increase the strength of the social attachment (Dwyer and 
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Lawrence, 2005, Künzl and Sachser, 1999). Merino ewes rarely remain at the birth site 

for longer than 4 hours (Nowak, 1996). Consequently, up to 40-50% of twin lambs can 

become separated from their mother within the first 48 hours after birth because they do 

not follow her as she walks away (Nowak 1996). Therefore lamb survival not only 

depends on the maternal behaviour, but also on the behaviour of the lamb itself, 

especially if the behaviour of their mother is poor.    

 

Maternal experience 

Another factor that influences the quality of maternal care a lamb receives is previous 

maternal experience. Lamb mortality is higher in primiparous ewes compared with 

multiparous ewes (McMillan, 1983). Primiparous ewes can have a longer labour than 

multiparous ewes due to the smaller size of their birth canal (Lynch et al., 1992). Long 

labour can result in dystocia in the lamb and pain and exhaustion in the ewe which can 

lead to the ewe displaying a weak interest towards her new lamb. Primiparous ewes also 

show ambivalent behaviour towards their newborn such as intense grooming but then 

butting and withdrawing for their lambs when they attempt to stand and start suckling 

(Dwyer and Lawrence, 2000). The ambivalent behaviour of the primiparous ewes is 

probably because the different components of maternal behaviour (grooming and 

rejection behaviours) appear to be regulated differently (Dwyer and Lawrence, 2000). 

The full complement of maternal behaviour can be induced in non-pregnant multiparous 

ewes but not in non-pregnant primiparous ewes. Non-pregnant primiparous ewes only 

show a reduction in rejection behaviours (Kendrick et al., 1991, Keverne and Kendrick, 

1991). In addition, primiparous mothers experience higher levels of fear when 

confronted with their novel neonate (Fleming and Luebke, 1981) and this often results 

in lamb desertion shortly after it is born (Putu et al., 1986).  
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Fear  

A ewe’s propensity to experience fear can influence how she behaviourally reacts to her 

environment and her lamb. Fear is an internal emotional state induced by the perception 

of danger during exposure to a potentially threatening stimulus (Boissy, 1995). When 

exposed to fear eliciting situations, individuals experience a certain level of stress, 

indicated by their physiological and behavioural responses. The behavioural and 

physiological responses to fear serve to protect individuals from potentially dangerous 

threats (Fendt and Fanselow, 1999) and is important for survival, particularly in 

extensive farming systems where predation can be a serious problem (Erhard et al., 

2004). It has been suggested that individuals with a highly reactive temperament may 

have an advantage in a natural context, where a highly reactive and cautious individual 

might be less susceptible to predation (Clarke and Boinski, 1995). However, fear has 

negative consequences especially if it occurs in excess or in inappropriate situations 

(Erhard et al., 2004) like in domesticated farm animals. In terms of lamb survival, a 

reduction in the mothers fear response may ensure that she spends more time isolated on 

the birth site which would facilitate the establishment of a strong ewe-lamb bond. A 

reduced fear response may also modulate primiparous mothers’ responses when 

confronted with their novel neonate (Fleming and Luebke, 1981) and thus may affect 

the incidence of lamb desertion often seen in primiparous ewes (Putu et al., 1986). A 

reduced fear response may also reduce the level of fear ewes can experience due to 

disturbances such as humans, farm machinery and dogs (Dwyer, 2008). Disturbance 

during labour can cause involuntary suppression of uterine contractions (Naaktgeboren, 

1979) and increase the risk of dystocia and birth trauma (Haughey, 1980).  

The level of fear a mother experiences also impacts on the lamb’s development and 

survival during pregnancy. A mother’s reaction to her environment can be transmitted 

to her offspring in utero which may directly or indirectly influence offspring 
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development (Mousseau and Fox, 1998). For example, stress in the pregnant dam can 

influence the development of the offspring through exposure of the foetus to abnormally 

high concentrations of maternal glucocorticoids crossing the placental and blood-brain 

barrier (Zarrow et al., 1970, Barbazanges et al., 1996). Gestational stress can 

permanently alter the sensitivity of the offspring’s hypothalamic pituitary adrenal 

(HPA) axis (Weinstock et al., 1998) thus impairing the stress-coping ability and 

predisposing the juvenile and adult offspring to be more sensitive to stressors (Braastad, 

1998). It is not until individuals are confronted with a potentially challenging situation 

that the effects of prenatal stress on the reactivity of the individual become apparent. 

However, many factors, such as the type of prenatal stressor and the period during 

gestation it is administered may influence the effects of prenatal stress on the 

offspring’s locomotion, exploratory behaviour, fear of novelty, learning ability and 

maternal behaviour (for review see Braastad, 1998). Evidence mainly from studies of 

rodents and primates strongly indicate that prenatal stress can impair the stress-coping 

ability of offspring and disrupt their behaviour in aversive or conflict-inducing 

situations (Barbazanges et al., 1996, Braastad, 1998, Weinstock, 1997). Thus ewes that 

are less fearful and stressed during pregnancy should produce offspring that are less 

fearful and have better ability to cope with potential stressors than ewes that are more 

fearful and stressed during pregnancy. 

 

Temperament  

Not all ewes display similar levels of maternal behaviour due to many of the factors 

described previously. However, even if individuals are in the same environment and 

exposed to the same stimuli they will not express comparable patterns of emotion, 

cognition or behaviour (Erhard et al., 2004). Often individuals differ from each other in 

predictable and consistent ways due to their underlying temperament (Erhard et al., 
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2004). Temperament refers to behavioural styles or tendencies that are present early in 

life and are relatively stable, both across various kinds of situations and time (Bates, 

1987, Goldsmith et al., 1987, Clarke and Boinski, 1995). Thus even when exposed to 

the same environment and stimuli some ewes will display better maternal behaviour 

than others due to their underlying temperament. Temperament is not a discrete trait 

itself but is rather made up of a group of related traits (Goldsmith et al., 1987). Fear is 

only one component of temperament and lamb survival may be enhanced in mothers 

that show reduced levels of fear. 

 

As discussed above, lamb survival depends on optimal maternal care and many factors 

influence the expression of maternal behaviour in the ewe. However, lamb survival does 

not rely solely on maternal factors. Physiological and behavioural characteristics of the 

lamb as well as factors which impact on them also contribute to lamb survival. These 

infantile factors affecting lamb survival will be exposed below. 

 

INFANTILE FACTORS AFFECTING LAMB SURVIVAL 

 

Physiological 

  

Birth weight 

The optimal birth weight for survival of a lamb is between 3 and 5 kg (Kelly and 

Lindsay, 1987, Lindsay et al., 1990). Heavy lambs are likely to experience birth 

problems such as dystocia (McMillan, 1983) and difficult parturition increases the 

proportion of ewes which desert their lambs (Alexander, 1974). In addition, prolonged 

labour can cause hypoxia in the lamb (deficiency in oxygen) which results in the lamb 

exhibiting weak teat-seeking behaviour (Nowak and Poindron, 2006). Providing there is 
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no dystocia from prolonged or difficult birth, larger lambs have a higher chance of 

survival because they have more energy reserves and are more vigorous and will 

therefore stand sooner and have their first suck before smaller lambs (Lynch et al., 

1992).  

Immature or small lambs are usually born from ewes that were undernourished during 

pregnancy (Nowak and Poindron, 2006). The fat reserves of small lambs are 

disproportionately low and thus they have less energy reserves to maintain 

homeothermy (Nowak and Poindron, 2006). Smaller lambs display weak teat-seeking 

activity and take more time to find and obtain milk from the udder (Lynch et al., 1992). 

When lambing takes place during inclement weather, smaller lambs are at a higher risk 

of death due to cold exposure, starvation and infection (Owens et al., 1985).  

 

 

 

Lamb behaviour and the factors affecting lamb behaviour 

Lamb behaviour is important for its survival because the maternal attention given to 

weak or stillborn lambs begins to wane after the initial grooming phase because ewes do 

not receive reinforcement by appropriate lamb exploratory or sucking behaviour 

(Dwyer and Lawrence, 1999). Lambs therefore must show appropriate behaviours that 

encourage maternal interest and that facilitate the establishment of the ewe-lamb bond. 

 

The activity and vigour of the lamb influences the maternal behaviour of the ewe. 

Merino ewes are known to abandon immobile, mute or dead lambs (Lynch and 

Alexander, 1986) and multiple-born lambs of varied vigour are more likely to be 

unevenly bonded to their mothers (Nowak et al., 1990). As lambs are born with low 

energy reserves and no immunological protection (Alexander, 1974), it is vital that they 
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stand and find a teat and ingest colostrum as soon as possible after birth. Most lambs 

stand within 30 minutes of birth and begin to suck within the first 2 hours (Nowak and 

Poindron, 2006).  However, length of labour, birth weight, litter size, gender and breed 

influence the time a lamb takes to stand and suckle. Prolonged labour increases the 

possibility of brain trauma and hypoxia in the neonate (Haughey, 1993) and also 

impairs sucking, locomotor activity and thermoregulation in lambs (Dwyer, 2003, 

Haughey, 1980). Lambs born of a lower birth weight take longer to stand and suckle as 

they have less energy reserves and are thus less vigorous (Alexander, 1958). 

Differences in birth weights are also proposed to explain why lambs of different breeds 

differ in the time taken to express postnatal behaviours (Alexander et al., 1990, Dwyer 

and Lawrence, 1998, Dwyer et al., 1996). Lambs that are slow to start suckling have 

reduced chances of survival firstly from a higher incidence of hypothermia especially in 

adverse weather but also from the reduced success of establishing a preferential 

relationship with their mothers (Nowak and Poindron, 2006).  

 

Temperament 

Temperament has been reported to be present early in life (Bates, 1987, Goldsmith et 

al., 1987, Clarke and Boinski, 1995) and thus may influence a lamb’s behaviour and its 

survival. However, there is conflicting evidence as to whether an individuals 

temperament is set at birth because it can be modified by environmental factors, 

maternal behaviour being one of them (Richard-Yris et al., 2004, Caldji et al., 2000, 

Caldji et al., 1998, Anisman et al., 1998). Cross fostering studies with quail (Richard-

Yris et al., 2004) and mice (Caldji et al., 2000) have demonstrated that the emotional 

reactivity of the young resembles more the one of their adoptive mothers than their birth 

mothers and is under epigenetic regulation. However, strong genetic effects have also 

been found to affect the temperament of cross fostered rats (Broadhurst, 1961) and the 
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behaviour of lambs (Boissy et al., 2005). Due to strong environmental and maternal 

influences most studies generally assess temperament in adult animals because 

temperamental traits may change according to maturity and environmental experiences 

in early life (Thomas and Chess, 1977, Zuckerman, 1991, Van Reenen et al., 2004, 

Lansade et al., 2007).  

 

EWE-LAMB INTERACTIONS AND LAMB SURVIVAL 

 

Because of the selectivity of maternal care in sheep, the development of a strong ewe-

lamb bond plays a major role in the survival of the young. The specificity of the bond 

allows only the ewes’ own lamb to suckle while alien lambs are rejected. Lamb survival 

will therefore depend on early mother-young interactions as this ensures a strong bond 

is established and food is regularly supplied to the lamb. 

The intense grooming of the lamb by the ewe immediately after parturition facilitates 

selectivity in the ewe as this behaviour promotes the formation of an olfactory memory 

of the lamb (Dwyer, 2008). Females that suffer olfactory deficits prior to parturition are 

unable to discriminate between familiar and alien lambs and therefore accept alien 

lambs at the udder (Baldwin, 1974, Bouissou, 1968, Ferreira et al., 2000, Lévy et al., 

1995, Poindron, 1976). Low-pitched bleats emitted by the ewe facilitate the 

development of maternal recognition by the lamb (Nowak, 1990). In addition, the 

bleating activity of the lamb also facilitates the recognition process by the ewe. The 

higher bleating activity of crossbred lambs is proposed to be the reason why Merino 

ewes are able to maintain better contact with their crossbred lambs than with pure 

Merino lambs (Nowak, 1990). Lamb recognition via non olfactory cues (visual and 

auditory) develops at approximately 8 hours after parturition and is used to discriminate 

lambs at a distance (Keller et al., 2003). The development of a preference for the mother 
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by the lamb depends on the success of the first suckling episodes. Recognition of the 

mother is facilitated by suckling and colostrum intake. When suckling is prevented for 

the first 6 hours after birth, a lamb’s ability to discriminate its mother is impaired even 

if it had access to the udder from 6 hours onwards (Nowak et al., 1997). The finding 

demonstrates that a newborn lamb associate the rewards of sucking with the presence of 

their mother and therefore their motivation to seek their mother will depend on whether 

the lamb was able to suckle and ingest colostrum (Nowak et al. 1997). Anything that 

disrupts the establishment of the ewe-lamb bond (see Figure 1) affects the ability of 

ewes and lambs to learn each others distinctive characteristics which would have 

negative consequences for ewe-lamb recognition and lambs survival. 

 

STRATEGIES TO IMPROVE LAMB SURVIVAL 

 

A strategy for improving lamb survival is to optimize the expression of appropriate ewe 

and lamb behaviours so that the likelihood of a strong ewe-lamb bond being developed 

is increased. Past strategies for improving lamb survival have focused on improving just 

the maternal behaviour of the ewe (Cloete and Scholtz, 1998, Everett-Hincks et al., 

2005, O'Connor et al., 1985, Putu, 1988). However, the selection was slow and tedious 

and the heritability (0.091) and repeatability is low, about 10% repeatability for rearing 

performance (Everett-Hincks et al., 2005, O'Connor et al., 1985). This technique would 

improve the rearing performance of the current generation but because of the low 

repeatability and heritability it would have a limited impact on future generations. In 

addition, the behaviour of the lamb itself also plays a major role in its survival and thus 

selecting ewes based on maternal behaviour does not improve the behaviour of the 

lamb.  
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Temperament is a factor that has the potential to improve the behaviour of both the ewe 

and lamb by reducing the level of fear they experience in potentially fearful situations. 

In fact, researchers have found that Merino ewes selected on components of their 

temperament display differences in maternal behaviour and lamb survival rates 

(Murphy, 1999, Murphy et al., 1994). The effects of the selection process on lamb 

behaviour and the establishment of the ewe-lamb bond are unknown.  

 

For the past 18 years the Merino sheep have been selected for either a high or low 

reactivity to humans and social isolation (Murphy, 1999, Murphy et al., 1994). The 

selection process involves measuring the behavioural reactivity of lambs after weaning 

(approximately 16 weeks of age) using two behavioural tests described by Murphy 

(1999) and Blache & Ferguson (2005). These two tests can select animals that are less 

socially motivated, less fearful of humans and less reactive to isolation, characteristics 

that are beneficial for the establishment of the ewe-lamb bond and lamb survival.  

 

Arena test 

The first behavioural test is an arena test which exposes sheep to an approach-avoidance 

situation. In this test a single sheep is introduced into a rectangular arena (Figure 2). At 

one end of the arena, a small group of sheep (approach stimulus) is kept in a pen behind 

a barrier, with a human (avoidance stimulus) standing in front of it (Erhard, 2003). 

Because the test sheep cannot simultaneously be at a distance from the human and close 

to its companions, the test sheep has to find a distance between the human and its 

companions which reflects a trade-off between their conflicting motivations (Erhard, 

2003). The number of zones crossed during the arena test (TOTAL CROSS) is taken as 

an indicator of the locomotor activity of the individual. High or low locomotor and 

vocal activity in the arena test is taken to reflect a high or low degree of fear, 
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respectively. It has been argued that immobilization may reflect quietness of the animal 

and an absence of fear in one situation but it can also reflect a high degree of 

disturbance and nervousness in another situation (Vandenheede et al., 1998). In the 

presence of a human, like in the arena test, inhibition of locomotor and vocal behaviour 

can be interpreted as a reaction to towards a predator (Romeyer and Bouissou, 1992) 

and thus represent a higher degree of fear. However, in the arena test, a high locomotor 

activity could also be a search to rejoin flock mates and thus the behaviour represents 

strong social motivation (Romeyer and Bouissou, 1992). Due to the ambiguous 

interpretation of the behaviour in the arena test, the sheep are also tested in a second 

test, the isolation box test. 

 

Figure 2: Schematic diagram representing the testing arena 

 

Isolation box test 

The second behavioural test is an isolation test in an enclosed box. A single sheep is 

isolated in a 1.5m3 enclosed box (Figure 3). An agitation score (BOX) based on the 

animal’s movement and vocalisations are measured for each individual. The agitation 

reflects the animal’s inherent fear of isolation but also its capacity to adapt to the 

isolation challenge (Blache and Ferguson, 2005). The differences in the behavioural 

responses of sheep to social isolation are thought to reflect variation on the propensity 
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of individual sheep to react fearfully (Romeyer and Bouissou, 1992, Vandenheede et al., 

1998). 

Selecting animals that are less socially motivated, fearful of humans and reactive to 

isolation is beneficial for the establishment of the ewe-lamb bond. During lambing, 

ewes that are less socially motivated and reactive to isolation are likely to stay isolated 

for longer on the birth site, be less reactive to disturbances and less likely to desert their 

lambs. 

 

Figure 3: Schematic diagram representing the isolation box 

Selection score 

All animals are assigned a selection score based on their behaviour in the two tests 

according to the following equation where i = individual score, x = flock mean, sd = 

standard deviation of mean (Murphy, 1999, Murphy et al., 1994):  

 

Selection score = 100  +  [BOXi – BOXx]  +  [TOTAL CROSSi – TOTAL CROSSx] 
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Higher levels of locomotor and vocal activity have been reported to indicate higher 

levels of fear in sheep when exposed to various fear eliciting situations (Erhard, 2003, 

Romeyer and Bouissou, 1992, Vandenheede et al., 1998). Accordingly, the UWA 

Merino sheep expressing high or low levels of locomotion or vocalisation in the two 

selection tests have been classified as having a high or low reactivity and are 

respectively labelled ‘nervous’ or ‘calm’. Nervous animals generate high selection 

scores while calm animals generate low scores.  

 

The benefit of selecting the sheep on this component of temperament is that it not only 

has the potential to improve ewe and lamb behaviours but it is also moderately 

heritable. Heritability estimates range from low for the trait CROSS (0.11) (Murphy, 

1999, Murphy et al., 1994), to moderate for BOX (0.41) (Blache and Ferguson, 2005).  
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CONCLUSION 

The selection of Merino sheep for a calm temperament to improve the establishment of 

the ewe-lamb bond and thus lamb survival seems promising. However, the effect of 

temperament on maternal and lamb behaviours and on the establishment of the ewe-

lamb bond needs further investigation. It is not known whether the higher rate of 

survival in calm lambs reported by Murphy (1999) is due to better recognition abilities 

of the calm ewes and lambs due to the establishment of a stronger bond between them. 

Likewise, the mechanism by which temperament can affect maternal behaviour 

(Murphy 1999), such as the onset of maternal behaviour, and the hormonal balance 

controlling it, has not been investigated. Understanding how maternal behaviour differs 

between calm and nervous ewes under natural outdoor farming conditions will validate 

the results described by Murphy (1999). In addition, whether the low reactivity to 

humans and isolation of the calm sheep results from the genetic transmission of the trait 

or from the direct influence of maternal care has never been investigated. The studies 

described in this thesis have been conducted using a unique flock of Merino sheep that 

have been selectively bred for a ‘calm’ or ‘nervous’ temperament for the past 18 years 

at UWA. The ultimate aim of this work was to understand the role that temperament 

plays in the establishment of the ewe-lamb bond and its relationship to lamb survival. 
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Abstract 

Temperament influences maternal behaviour and lamb survival in Merino sheep 

selected for calm or nervous temperament. The impact of this selection on mother-

young recognition and early expression of temperament in lambs is unknown. We tested 

the ability of multiparous ewes selected for calm (n = 16) or nervous (n = 18) 

temperament to recognise their own lambs 6 h after parturition, the ability of the lambs 

to display a preference for their own mother at 18 h, and the temperament of the lambs 

at 1 and 16 weeks of age. Ewes and lambs from both genotypes showed a similar 

preference for their familiar kin. In contrast, differences in temperament were detectable 

at one week and 16 weeks of age. Nervous lambs showed higher vocal and locomotor 

activity than calm lambs. Thus, temperament did not affect the early process of ewe-

lamb bonding but might affect the quality of the mother-young relationship under more 

challenging situations. 

 

Keywords: choice test, ewe-lamb bond, open field test, recognition, sheep, 

temperament 
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Introduction 

 

Temperament traits participate in an individual’s reproductive fitness in both human 

and non-human species (Wilson, Clark, Coleman, & Dearstyne, 1994), but the 

consequences a particular temperamental type has on survival and reproduction is 

unclear. It has been suggested that individuals with a highly reactive temperament may 

have an advantage in a natural context, where a highly reactive and cautious individual 

might be less susceptible to predation (Clarke & Boinski, 1995). In non captive bighorn 

sheep, the bold ewes have the advantage because they are less susceptible to predation 

than the shy ewes (Reale & Festa-Bianchet, 2003) and, in addition, they also have the 

advantage of reproducing earlier and having a higher weaning success than the shy ewes 

(Reale, Gallant, Leblanc, & Festa-Bianchet, 2000). In contrast, in farmed sheep, a low 

reactivity is a trait which improves reproduction because of a better expression of 

sexual behaviour (Gelez, Lindsay, Blache, Martin, & Fabre-Nys, 2003) and maternal 

care (Murphy, Lindsay, & Le Neindre, 1998). In fact, in domesticated species, a low 

emotional reactivity seems to help the process of domestication (Price, 1984).  

 

There is a large variability in the quantity and quality of maternal care expressed 

between and within breeds (Dwyer & Lawrence, 2000). The differences in, for example 

the amount of grooming behaviour, responses to the lamb's sucking attempts, and the 

likelihood of desertion, are usually maintained over successive births, suggesting that 

they are intrinsic to the individual (Dwyer & Lawrence, 2000). Within-breed variation 

in maternal behaviour has been observed in a ewe’s reaction to their lambs being 

handled by a shepherd (O'Connor, Jay, Nicol, & Beatson, 1985), in the time they spend 

licking and grooming their lambs (Murphy, 1999) and in the time the ewes spend on the 

birth site (Putu, 1988). Ewes previously selected for their ability to rear lambs also show 
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behavioural differences in an approach avoidance test, indicative of increased calmness 

(Kilgour & Szantar-Coddington, 1995; Murphy, Lindsay, & Purvis, 1994). These 

differences consistently displayed by individuals over successive births reflect their 

underlying temperament.  

 

Studies with Merino ewes selected for a low or high reactivity to humans and isolation 

over 18 years, have shown that the two lines of sheep, respectively labelled “calm” and 

“nervous”, behave differently at the time of lambing. Calm ewes spend more time 

grooming their lambs and emit more low-pitched bleats than nervous ewes (Murphy et 

al., 1998). Calm ewes also separate less often from their lambs, and for a shorter time, 

than nervous ewes. Because of these longer periods of separation and the lower level of 

grooming at parturition, nervous ewe and lambs would take longer to learn each others’ 

characteristics, a factor known to influence lamb survival (Nowak & Poindron, 2006). 

In fact, the percentage of lambs dying between birth and weaning in the calm genotype 

is half of that of the nervous one, an observation made in both single- and twin-born 

lambs (Murphy et al., 1998). It was proposed that the higher rate of survival in lambs 

born from calm mothers was due to the establishment of a stronger bond between ewes 

and lambs in the calm than in the nervous animals (Murphy et al., 1998). Temperament 

could interfere with the process of mother-young recognition which is an essential 

component to the development of the early ewe-lamb interactions (Nowak & Poindron, 

2006).  

 

Temperament testing is generally conducted in adult animals because temperamental 

traits may change according to maturity and environmental experiences in early life 

(Van Reenen, Engel, Ruis-Heutinck, VanderWerf, Buist, Jones, & Blokhuis, 2004; 

Zuckerman, 1991). In humans, a temperament trait is defined as individual differences 
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in behaviour that are present early in life and are relatively stable both across various 

kinds of situations and time (Bates, 1987; Goldsmith, Buss, Plomin, Rothbart, Thomas, 

Chess, Hinde, & McCall, 1987). In Merino sheep, selection for a calm or nervous 

reactivity to humans and isolation has always been conducted at weaning (Murphy et 

al., 1998) but, irrespective of environmental influences, temperamental traits should be 

present early in life.  

 

This present study aimed first to understand to what extent the selection for 

temperament influences the capacity of ewes and lambs to establish mutual preference 

in the first hours after parturition. We hypothesised that the development of such 

preferences will be stronger in the calm than in the nervous line. Based on results from 

previous studies (Keller, Meurisse, Poindron, Nowak, Shayit, Ferreira, & Lévy, 2003; 

Terrazas, Ferreira, Lévy, Nowak, Serafin, Orgeur, Soto, & Poindron, 1999), the ability 

of ewes and lambs to show a preference for each other was tested in a two-choice test at 

6 and 18 hours after parturition, the dams being tested at 6h and the lambs at 18h, in 

order to detect potential differences between the two genotypes. Second, we 

hypothesised that the lamb would express the temperament of their parents early in life. 

In previous studies, the temperament has only been assessed in adult sheep, therefore 

we tested the lambs at one week of age and again at 16 weeks of age in order to detect 

differences in reactivity to social isolation according to their genetic line.  

 

Materials and Methods 

 

Animals and housing conditions 

Thirty four pregnant Merino ewes (16 calm, 18 nervous) were selected from the 

temperament flock maintained at the Allandale Research Farm of the UWA School of 
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Animal Biology, Wundowie. For selection purposes, the temperament had been tested 

in individual lambs when they were three months old, two weeks after weaning, using 

the two behavioural tests described by Murphy (1999) and Blache & Ferguson (2005). 

In brief, the first behavioural test is a choice test between approaching flock members 

and a human in an arena, the second test is an isolation test in a closed box. A score 

based on movements and vocalisation was given to each individual. The animals used in 

this study were multiparous ewes randomly selected from the separate calm and nervous 

temperament lines. All ewes had been synchronised and had been artificially 

inseminated with semen of the best sire of the same temperament line. They had 

previously lambed and were all determined by ultrasound scanning to be carrying a 

single lamb. Three weeks before parturition ewes were transferred indoors to individual 

deep litter pens measuring 1.2 x 3.2 m. and were fed hay and concentrates with water 

available ad libitum. The ewes and lambs remained in their individual pens until the 

temperament testing of the lambs at one week of age. After the testing they were all 

released back into the paddock. The use of animals and the procedure were approved by 

the University of Western Australia Animal Ethics Committee (approval number 

05100466).  

 

Recognition of the lamb by mothers 6 h after parturition 

 

A testing pen was built in an isolated room situated 50 m away from the group of 

lambing ewes. The testing apparatus was a triangular pen (6x6x5m) made of 1 metre-

high metal barriers (Figure 1). The sides of the testing pen were covered with hessian to 

isolate the animal from external stimuli. The base of the triangle consisted of three pens 

side by side. Two of them contained the newborn lambs (1x1m) and were separated by 

an empty pen (3x1m). These three pens were separated from the testing area by a set of 
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barriers, 1 m away, so that the ewes could see and hear the lambs but not smell them. 

This testing pen was designed from previous studies (Ferreira, Terrazas, Poindron, 

Nowak, Orgeur, & Levy, 2000; Terrazas et al., 1999) showing that under such 

conditions, recognition of the lambs could not be based on olfactory cues. Olfactory 

recognition of the young by the ewe requires only 1/2 to two hours of contact (Keller, 

2003) and there is evidence that recognition without the help of olfactory cues is 

established within 6/8 h post-partum (Keller et al., 2003; Terrazas et al., 1999). 

Therefore the test was conducted 6 h after parturition as our hypothesis was that it 

would be more challenging for the ewes from the nervous line and that they would not 

perform as well as calm ewes. The testing arena was divided into five zones and only an 

area of 2m2 in front of each lamb was considered as a zone of proximal contact between 

the ewe being tested and the stimulus lambs (Figure 1). 

 

Ewes and lambs were led to the testing area just before the time of the test. After the 

ewe was introduced into the waiting pen her lamb and an alien lamb from a previous 

birth were placed in their individual pens at the opposite corners of the testing arena. 

The position of the lambs was controlled so that in each line of ewes, half of the 

mothers were tested with their own lamb on either the right or the left side of the arena. 

The temperament of the alien lambs were controlled where possible so that in each line 

of ewes, half the mothers were tested with calm alien lambs and the other half with 

nervous alien lambs. Before starting the test, the mother was restrained for 30 s in the 

waiting pen so that she could have the opportunity to see and hear both lambs before 

being released. The test started once the ewe was released and lasted for 5 minutes. The 

test was video-taped so that some variables could be analysed thereafter. The following 

items were recorded from the test: 
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• Latency to reach a proximity zone 

• Latency to reach the proximity zone near own lamb 

• Total time spent in each proximity zone 

• Total number of visits to each proximity zone 

• Time spent looking at the lambs; looking being defined as the head axis of the 

ewe pointing towards a specific lamb (Terrazas et al., 1999; Ferreira et al, 2000). 

This was noted irrespective of the position of the ewe in the arena. 

• The vocal activity of the ewe in each zone of the testing pen, her own lamb, and 

the alien lamb: number of high-pitched bleats (loud vocalization emitted with 

the mouth open) and number of low pitched bleats (soft vocalization emitted 

with the mouth closed, usually when mother and young are close to each other).
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Figure 1: Schematic diagrams representing the testing pens used in the recognition of 

the young by the ewe (a), the preference for the mother by the lamb (b) and the arena 

used for temperament testing (c). In the test arena (c) the test sheep could move 

anywhere in areas 1-4 but was physically (but not visually) separated from the flock-

mates by a metal barrier. The sides of the arena were 1.8 m high and were covered in 

shade cloth to create a visual barrier. 
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Preference for the mother by 18-h old lambs 

 

Although there is no doubt that lambs can recognise their mother once they are two 

days old (Nowak, 1990), there is evidence that in the first day the orientation response 

depends mainly on the display of maternal acceptance by their own mother  (Terrazas, 

Nowak, Serafin, Ferreira, Lévy, & Poindron, 2002). Therefore the term preference was 

chosen instead of recognition in the study concerning lambs. The testing pen was 

derived from the one used in Experiment 1 (Figure 1) and located in the same room. 

The only difference from the testing pen used in Experiment 1 was that the base of the 

triangle consisted of two pens side by side (3x1m) which contained the post-parturient 

ewes. The testing arena was divided into four zones and only a 50 cm-wide area in front 

of the pens containing the ewes was considered to be a zone of contact between them 

and the lamb. The bars of the pens left sufficient space to allow reciprocal nosing and 

sniffing between the ewes and the lamb, however the udder was out of reach. The 

expression of a preference for the mother was assessed in a two-choice test when lambs 

were 18-h old. This was chosen as past studies had shown that single-born Merino 

lambs born outdoors developed a preference for their mother between 18 and 24 h after 

birth (Nowak, Poindron, & Putu, 1989). As in the mothers, it was hypothesized that 

lambs born from the calm genotype would display better performance than lambs born 

from the nervous genotype, because of the challenging situation in which lambs had to 

make their choice. 

 

At the time of the test the lamb was led to the testing arena with its mother. The mother 

of the lamb to be tested was placed in one of the two pens at the base of the testing 

arena and another ewe that had lambed at approximately the same time was placed in 

the other, without the lamb being able to see which pen its mother was placed in. The 
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position of the ewes was controlled so that in each line of sheep, half of the lambs were 

tested with their mother on either the right or the left side of the arena. The lamb was 

placed in the starting pen, its head facing the two ewes. The test started once the lamb 

left its starting pen and lasted for 5 minutes. Each test was videotaped and analysed 

later. The following items were recorded from the test: 

• Latency to reach a contact zone 

• Latency to reach the contact zone near the own mother 

• Total time spent in each contact zone 

• Total number of visits to each contact zone 

• Vocal activity of the lamb, the mother, and the alien ewe: number of high-

pitched bleats (loud vocalizations emitted with the mouth open) and number of 

low pitched bleats (soft vocalizations emitted with the mouth closed, usually 

when mother and young are close to each other). 

The time lambs spent looking at the dams was not assessed as it was too difficult to 

correctly identify this behaviour from the videotapes. 

 

Temperament of lambs 

 

Temperament testing at one week of age 

Open field test 

Thirty lambs of the temperament flock (14 born from calm ewes and 16 from nervous 

ewes) that were used in Experiments 1 and 2 had their temperament measured at one 

week of age in an open field arena. The open field test is a reliable method for eliciting 

a repeatable emotional stress response in lambs (Moberg, Anderson, & Underwood, 

1980) as it measures an animal’s level of fearfulness (Boissy, 1995). 
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Testing was carried out in a square 2.5 x 2.5 m open field arena which was built in an 

isolated room situated 50 m away from the group of lambing ewes. The testing arena 

was formed by 1 meter-high metal barriers covered with hessian to restrict the lamb 

viewing outside the arena. The wooden floor was divided into 4 squares of equal size 

(numbered from 1 to 4) which were used to provide a measure of activity.  

Each lamb was carried from its home pen and placed in the corner of square 1 in a 

standing position facing the centre of the arena. Once released the behaviour of the lamb 

was video recorded for the next 5 minutes. The following variables were analysed: 

• Number of high and low pitched bleats 

• Number of squares crossed and time spent in each square 

• Number of jumps 

• Latency to first vocalize, leave square 1 and start jumping 

At the end of each test the lamb was recaptured, carried to its home pen and placed with 

its dam. 

 

Temperament testing at 16 weeks of age 

Twenty eight lambs of the temperament flock (14 born from calm ewes and 14 from 

nervous ewes) that were used in Experiments 1 and 2 had their temperament measured 

at 16 weeks of age in an arena test and in an isolation box test. An open field test (OFT) 

was used at one week of age, and not an arena test, because a conflict of motivation 

(arena test) in lambs would be redundant since lambs of 1 week of age do not have the 

great level of fear of humans, while they do at 16 weeks of age. In addition, previous 

experience can influence an individuals behavioural response (Webster 2005), so at 16 

weeks, the lambs were not tested in an OFT after the arena and isolation box test. These 

two tests were performed at 16 weeks because the lambs were from the temperament 
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flock and they were required to have their temperament assessed according to the 

procedure used for the selection of the calm and nervous lines (Murphy 1994, 1999). 

 

Arena test 

The arena test evaluated the results of two conflicting motivations: social attractiveness 

towards flock-mates and avoidance of a motionless human. The testing arena (Figure 1) 

consisted of a fully enclosed paved area that was 7 m long, 3.3 m wide and 1.8 m high. 

The arena was divided into five areas. At one end of the arena was the holding pen 

containing 4 familiar flock-mates enclosed behind a panelled gate. The flock-mates 

were randomly chosen and were of the same age as the sheep being tested. In front of 

the holding pen a motionless human stood quietly for the duration of the test. Each 

animal was gently pushed into the arena through the entry gate at the opposite end of 

the arena from the flock-mates and remained in the arena for 3 minutes. The number of 

areas crossed and the number of bleats emitted were recorded for each animal.  

 

Isolation box test 

The isolation box test involved the measurement of agitation of each individual animal 

while it was isolated in an enclosed plywood box measuring 1.5 m x 1.5 m x 1.5 m high 

for one minute. Agitation was measured by an electronic ‘agitation meter’ attached to 

the box that produced a numeric output based on vibrations made by the animal’s 

movements and vocalizations (Murphy, 1999; Murphy, Purvis, Lindsay, Le Neindre, 

Orgeur, & Poindron, 1994).  
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Statistical analysis 

Recognition/Preference tests: For independent samples, the Mann-Whitney test for pair-

wise comparisons was employed to detect differences between groups. For dependent 

samples, the Friedman test was used; this was followed by a Wilcoxon signed-ranks test 

for pair-wise comparisons after correction for multiple comparison by Bonferroni 

layering if need be. Box plots were chosen to characterize the data in the figures. Due to 

incomplete data recording because of technical problems with the recording equipment, 

3 calm and 2 nervous lambs had to be excluded from the study (calm n = 13; nervous n 

= 16) . 

 

Open field test, Arena test and Isolation Box test: Latencies and number of jumps, 

bleats, squares crossed and time spent in each square were analysed with a Mann-

Whitney test. Due to incomplete data recording because of technical problems with the 

recording equipment, 2 calm lambs and 2 nervous lambs had to be excluded from the 

open field test (calm n = 14; nervous n = 16). Of these same animals tested in the open 

field test, 2 nervous lambs had died before testing in the arena and isolation box test 

(calm n = 14; nervous n = 14). 

 

Comparison of locomotor and vocal activity from 1 week to 16 weeks of age:  

Differences in the ranking of number of bleats and squares crossed (crosses) between 

week 1 and week 16 were analysed using the Mann-Whitney test and Spearman 

correlations were calculated between the two age groups. Box plots were chosen to 

characterize the ranked data in the figures.  

Locomotor and vocal activities from calm and nervous lambs were pooled to determine 

if behaviours at 1 week of age remained stable through to 16 weeks of age using a 
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Spearman’s Correlation test. In all cases, P-values less than 0.05 were considered as 

statistically significant. 

 

Results 

 

Recognition of the lamb by mothers 6 h after parturition 

All the ewes reached the zone of contact with the stimulus lambs before the end of the 

test.  

There were few behavioural differences between calm and nervous ewes. Mothers from 

both genotypes did not differ in the time (in seconds) they took to initially reach a lamb 

(Calm = 6 ± 3; Nervous = 5 ± 1) or their own lamb (Calm = 14 ± 6; Nervous = 7 ± 1), in 

the number of visits (Own lamb: Calm = 6.6 ± 0.5; Nervous = 6.4 ± 0.6, Alien lamb: 

Calm = 6.3 ± 0.6; Nervous = 5.5 ± 0.5), nor in the time that they spent next to or 

looking at each lamb (Figure 2a). However, calm mothers emitted significantly more 

low-pitched bleats than nervous mothers during the test (Calm = 8.7 ± 4.5; Nervous = 

1.3 ± 2.2, p = 0.007).  

Both calm and nervous ewes spent more time near their own lamb than near the alien 

during the first minute of the test (Figure 2a), but the difference reached statistical 

significance only for the nervous ewes (Calm p = 0.162; Nervous p = 0.043). However, 

over the next 4 minutes of the test the time that mothers spent near their own lamb or 

near the alien lamb no longer differed (Figure 2a).  

Calm and nervous mothers spent significantly more time looking at their own lamb than 

at the alien lamb and this occurred not only during the first minute of the test (Calm p = 

0.055; Nervous p = 0.001) but for the whole duration of the test (Calm p = 0.048; 

Nervous p = 0.020) (Figure 2b).  
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Finally, the vocal activity of the stimulus lambs did not differ between the ewe’s own 

lamb and the alien lamb.  

 

 

Figure 2: Time spent by calm and nervous ewes near (a) or looking at (b) their own 

(white boxes) or alien (grey boxes) lamb during the first minute or entire 5 minutes of 

the two choice test (calm n = 16; nervous n = 18). Values are medians (bar within the 

box) and upper and lower quartiles (boarders of box) with 10 and 90 percentile shown 

as the error bars. Outliers are shown as circles. *: p < 0.05. 
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Preference for the mother by 18-h old lambs 

All the lambs reached the zone of contact with the stimulus ewes before the end of the 

test. While there was no difference in the time spent by lambs next to each mother 

during the first minute of the test, lambs of both genotypes spent more time next to their 

dam than next to the alien ewe over the whole duration of the test (Calm p = 0.023; 

Nervous p = 0.05, Figure 3).  

Whether the lambs were standing near their mother or the alien ewe, calm and nervous 

lambs spent a similar amount of time next to each dam (Figure 3) and they did not differ 

in the number of visits made to each contact zone (Own ewe: Calm = 3 ± 0.5; Nervous 

= 3.4 ± 0.6, Alien ewe: Calm = 3 ± 0.5; Nervous = 2.8 ± 0.6). The time to reach their 

mother at the start of the test (Calm = 95 ± 21; Nervous = 85 ± 23) and the number of 

bleats (Calm = 18.1 ± 5.5; Nervous = 18.4 ± 4.2) did not differ either between the two 

genotypes.  

The vocal activity of the stimulus ewes did not differ in the total number of bleats 

emitted (Calm = 51.8 ± 5.3; Nervous = 49.2 ± 1.1, p = 0.539) however, there was a 

trend for calm mothers to emit more low pitched bleats than nervous mothers (Calm = 

25.8 ± 4.9; Nervous = 16.3 ± 1.1, p = 0.10). 
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Figure 3: Time spent by lambs from the calm (n = 13) and the nervous temperament 

line (n = 16) near their own (white boxes) or alien (grey boxes) dams during the first 

minute or entire 5 minutes of the two-choice test. Values are medians (bar within the 

box) and upper and lower quartiles (boarders of box) with 10 and 90 percentile shown 

as the error bars. *: p < 0.05. 

 

Temperament of the lambs 

One week of age 

Overall, in the open field test, nervous lambs (n=16) had higher locomotor and vocal 

activity than calm lambs (n=14). Nervous lambs were quicker than calm lambs to start 

jumping and trying to escape over the sides of the arena (Nervous = 90 ± 23.97; Calm = 

197 ± 30.27, p = 0.012, Figure 4). Nervous genotype lambs also showed a tendency (p = 

0.075) to leave the starting square sooner than calm genotype lambs (Nervous = 37 ± 6 

s; Calm = 73 ± 19s). Throughout the entire 5-minute test, nervous genotype lambs 

moved around more (p <0.001), tried to escape more (p = 0.009) and emitted more 

high-pitched bleats (p = 0.001) than calm genotype lambs (Figure 4). For all variables, 

these differences were also significant in the first minute of the test and remained so for 

each one minute interval (data not shown).  
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Figure 4: Number of jumps, bleats and squares crossed by 1 week-old lambs from the 

calm (n = 14; white boxes) and nervous (n = 16; grey boxes) temperament line in the 

five minute open field test. Values are medians (bar within the box) and upper and 

lower quartiles (boarders of box) with 10 and 90 percentile shown as the error bars. 

Outliers are shown as circles. *: p < 0.05. 

 

16 weeks of age 

Lambs from the nervous genotype (n = 14) showed higher locomotor and vocal activity 

than lambs from the calm genotype (n = 14) in the arena test. Nervous lambs crossed 

more squares (p < 0.001) and emitted more bleats (p < 0.001) than calm lambs (Figure 

5). In the isolation box test, nervous lambs showed higher levels of agitation (p < 0.001) 

than calm lambs (Figure 5). 
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Figure 5: Agitation in the box test and number of squares crossed and bleats emitted in 

the arena test by 16 week-old calm (n = 14; white boxes) and nervous (n = 14; grey 

boxes) lambs. Values are medians (bar within the box) and upper and lower quartiles 

(boarders of box) with 10 and 90 percentile shown as the error bars. Outliers are shown 

as circles. *: p < 0.05. 

 

Comparison of locomotor and vocal activity between 1 week and 16 weeks of age  

Both the locomotor and vocal activity of calm and nervous lambs was highly correlated 
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Calm = 55.8 ± 9.4; Nervous = 90.1 ± 6.5, 16 weeks: Calm = 4.7 ± 2.0; Nervous = 54.2 ± 

6.9, p < 0.001). Calm lambs also crossed less squares (1 week: Calm = 19.6 ± 3.4; 

Nervous = 53.9 ± 7.0, 16 weeks: Calm = 7.3 ± 0.7; Nervous = 34.5 ± 4.7, p < 0.001) in 

the open field and arena test than nervous lambs (Figure 6). In addition, calm lambs also 

showed less agitation in the isolation box test than nervous lambs (Calm = 31.2 ± 5.9; 

Nervous = 78.4 ± 9.3, Figure 6).  

 

0

50

100

150

200

* * *

Jumps Bleats Crossings

Number

0

50

100

150

200

** ** **

Jumps Bleats Crossings

Number

 

Figure 6: Ranking of the number of bleats and crossings displayed by lambs from the 

calm (n = 14) and nervous temperament line (n = 15) in the open-field tests conducted 

at 1 week of age (white boxes) and in the arena test at 16 weeks of age, (grey boxes). 

Values are medians (bar within the box) and first and third quartile ranges (boarders of 

box) with 10 and 90 percentile shown as the error bars. Outliers are shown as circles. *: 

p < 0.05. 

 

Discussion  

 

The present results did not support our hypothesis in favour of a better bonding process 

in the calm line compared to the nervous line. Not only did both calm and nervous 

mothers recognised their own lamb over the 5-min test but more unexpectedly nervous 

ewes seemed more prone to react positively in the initial stage of the test. Under field 
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conditions, calm ewes were reported to spend more time grooming their lambs, to emit 

more low-pitched bleats, to separate less often from their young and for a shorter time 

than nervous ewes (Murphy, 1999; Murphy et al., 1998). These behavioural differences 

and the higher mortality rate recorded in the nervous lambs led us to hypothesize that 

the bonding process was stronger in the calm temperament line. The present results 

show that this is not the case at least in the initial phase of the relationship, known to be 

crucial in terms of lamb survival, and under our experimental conditions. These 

unexpected results suggest that we must reconsider the significance of the behavioural 

differences between nervous and calm mothers at parturition and/or during the choice 

test. The explanation for the unexpected results could lie in a difference in the degree of 

alertness and/or in the memory processes between calm and nervous ewes. It is well 

recognised in animals and humans that attention and motivation co-vary with 

neuromodulatory systems of the brain to influence cognitive processes of attention, 

perception as well as the ability to retrieve memories or make new ones (Sarah, 2009). 

In addition, moderate stress or low doses of glucocorticoids usually enhance memory 

(de Quervain, Aerni, Schelling, & Roozendaal, 2009). Although the neurophysiological 

states of nervous and calm ewes around parturition still remains to be described, we 

know that nervous ewes exhibit greater alertness and higher release of cortisol in the 

presence of a noisy apparatus (Bickell, 2005) which is a stressful situation. The 

behavioural differences obtained by Murphy et al. (1998) under field conditions 

therefore could also be interpreted in terms of alertness. Because the divergent selection 

process includes the ewe’s reaction to humans, the fact than nervous ewes emit less 

bleats, groom their lambs less often, or are separated more frequently from their young 

could just reflect the reaction to the human observer and not the quality of maternal 

care. In addition, should the birth process be considered as stressful an event to the 

mother as it is to the young (Lagercrantz, 1996), nervous ewes could be in a better 
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physiological states to learn the characteristics of their young than calm ewes. The two-

choice test combining mother-young separation, releasing the animals in a new 

environment, and the inability for partners to reunite properly, is a stressful situation. 

This is clearly shown in the level of agitation of the tested animals. Under such 

conditions, nervous mothers might display greater alertness or better discriminative 

ability than calm ones and be more prone to react to their lamb in the first minute of the 

test, performing slightly better 6h after parturition. It was not expected either that all 

lambs would show a preference for their mothers because Merino lambs are reported 

not to be very good at discriminating their mother before 24 h of age (Nowak et al., 

1989). This was not the case in the present work suggesting that lambs were not only 

rather quick at developing a preference for their dam but, in addition, the preference for 

the mother was not influenced by temperament. Testing the lambs at an earlier age 

could reveal a different outcome.  

 

The lack of major differences in mutual bonding between calm and nervous animals 

cannot be explained by a lack of difference in the temperament of the lambs. In the open 

field test conducted at one week of age, nervous lambs showed higher locomotor and 

vocal activity than calm lambs. The same trends persisted until just after weaning, at 16 

weeks of age, and variables are highly correlated between week 1 and 16. Open field or 

arena tests have been used in many studies to measure an animal’s temperament (sheep: 

(Gelez et al., 2003), cattle: (Gauly, Mathiak, Hoffmann, Kraus, & Erhardt, 2001), 

Horses: (Hausberger, Bruderer, Le Scolan, & Pierre, 2004), Mice: (Gershenfeld, 

Neumann, Mathis, Li, & Paul, 1997), however, testing has usually been conducted after 

weaning or when the animals were adults. In our study the behavioural outcome of one-

week-old lambs in the open filed test is similar to the one at weaning in the arena test 

and in the box test. Although tested under different experimental situations, the 
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correlation between the vocal and locomotor activities recorded at 15 weeks interval 

was positive and significant. In addition, lambs from the two lines showed consistent 

differences over time since animals from the nervous line showed higher vocal and 

locomotor activity than those from the calm line. Murphy et al. (1994) have shown that 

the component of temperament were highly repeatable when assessed at weaning, at 15 

months and at 2.5 years of age. The present results demonstrate that, in sheep, 

temperament is set at a young age and traits such as calmness and nervousness can be 

characterised as early as at one week of age. 

 

It seems that although certain dimensions of temperament affect the behaviour of the 

ewe and lamb, these dimensions do not predict the overall establishment of mutual 

preference. As a consequence, since calm ewes and lambs do not establish mutual 

bonding more efficiently than nervous animals, then the cause of the higher infantile 

mortality in the nervous line still remains to be identified. It may not be specific to the 

first day after birth but spread over a period extending until weaning, in which case the 

causal factors will have multiple origins. 

In the present study, the lambs were born indoors in small individual pens, the ewes 

were fed and watered ad libitum, and all the animals were accustomed to human 

presence. In the present experiment, individual confinement of ewes and lambs at 

lambing optimised contact between ewe and lamb thus favouring the expression of 

mutual ewe-lamb preference. In past studies, ewes gave birth outdoors under conditions 

that might have been less favourable for the formation of early bonding (Murphy, 1999; 

Nowak, 1990). The need to reunite with the flock after peripartum isolation, 

interference from flock mates, the need to graze or find water, fear of human, presence 

of predators or scavengers, can all affect the ewe-lamb bond and survival (Nowak, 

1996). It is probably under more challenging situations than ours and over longer 
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periods of time that calm ewes and lambs are likely to perform better than nervous 

individuals. This remains to be demonstrated. Recently a lot of attention has been 

devoted to the relationship between emotion and cognition in animals (Eisenberg, 

Fabes, Guthrie, & Reiser, 2000; Paul, Harding, & Mendl, 2005), where emotional states 

influence cognitive processes such as the appraisals of stimuli, events and situations. 

Our study highlights a crucial point: in the early steps leading to bonding, the slight 

differences in the cognitive ability of both lines cannot explain the effect of 

temperament on lamb survival. 

 

We conclude that temperament alone does not affect significantly the establishment of 

mutual preference between the ewe and her newborn lamb even though there is 

evidence suggesting that certain dimensions of temperament are associated with 

infantile and maternal behaviour such as proneness-to-distress during social separations 

(e.g. the open field test, the box test or the arena test) or alertness (two-choice test). 

Although these temperament dimensions did not predict the overall establishment of 

mutual preference under optimal lambing conditions (indoors) they might affect the 

strength of the ewe-lamb bond when it is established under more challenging conditions 

(outdoors). 
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Abstract 

 

Novelty, a powerful fear inducing and stressful stimulus, could be detrimental for the 

capacity of ewes and lambs to recognise each other. The effect of a novel and disturbing 

object on the ability of ewes and lambs, selected for their calm or nervous temperament, 

to show a preference for each other was tested in a two-choice discrimination test. Both 

calm and nervous mothers spent more time near their own lamb than near the alien lamb 

but did not differ in any other behaviour measured. In contrast, nervous lambs showed a 

greater preference and took less time to reach their own mother than calm lambs. 

Nervous temperament does not seem to impair the capacity of ewes and lambs to 

display an early preference for each other and, might be an advantage in some 

challenging postnatal situations because of the increased motivation of nervous lambs to 

reunite with their mother. 

 

Keywords: choice test, ewe-lamb recognition, novelty, sheep, temperament 
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 Introduction 

 

Novelty is known to be a powerful fear inducing stimulus (Boissy, 1995; Désiré, 

Veissier, Després, & Boissy, 2004) and thus exposure to novelty can be a stressful 

experience for an animal. This occurs frequently in farm animals which are often 

exposed to novel challenges and stimuli such as new environment, new companions and 

unexpected stimuli (Grandin & Deesing, 1998). Such novel situations or stimuli induce 

levels of stress that can vary widely between individuals (Boissy, 1995; Désiré et al., 

2004; Lawrence, Terlouw, & Illius, 1991) and it is generally accepted that the 

temperament of the animal may account for some of these differences (Gosling, 2001; 

Lawrence et al., 1991; Stevenson-Hinde, Stillwell-Barnes, & Zunz, 1980). For example, 

sheep selected for a calm temperament have a lower behavioural and cortisol stress 

response to a novel object than sheep selected for a nervous temperament (Bickell, 

2005).  

 

In turn, the level of stress experienced by an animal in a given situation can influence its 

learning and memory performances. Mild stress can improve cognitive performance 

(McEwen & Sapolsky, 1995; Mendl, 1999; Yerkes & Dodson, 1908). In contrast, when 

the level of stress is too high, cognitive performances can be compromised (Mendl, 

1999; Tiegen, 1994) and high levels of stress are known to impair learning and memory 

function in both animals and humans (De Quervain, Roozendaal, & McGaugh, 1998; 

Hölscher, 1999; Kim & Yoon, 1998; McEwen & Sapolsky, 1995). Therefore high levels 

of stress are not only detrimental to the health and wellbeing of the animal but also to 

the functions that rely on learning and cognition.  
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In sheep which naturally live in groups, specific inter-individual associations and social 

recognition rely on complex cognitive processes (Kendrick, 1998). This is particularly 

critical for the mother-young relationship, which is essential for lamb survival (Nowak 

& Lindsay, 1992), as there may be a conflict of interest in mothers between staying with 

their young and keeping contact with flock mates. Under field conditions, ewes and 

lambs often become separated therefore they need efficient recognition abilities and 

strong motivation to reunite with each other. For both members of the mother-young 

dyad, this recognition process relies on the memorisation of distinctive olfactory, 

auditory and visual characteristics (Poindron, Nowak, Lévy, Porter, & Schaal, 1993). 

Exposing animals to a stressful situation or stimulus, like a new environment or a novel 

object, could impair mother and young in their ability to make a choice or to 

discriminate each other by affecting attentional processes, memory retrieval, or by 

inducing fear responses incompatible with mother-young reunion. Several studies on 

pigs, sheep, cattle and deer found that agitated animals are poorer at making clear-cut 

choices in preference or avoidance tests (Grandin, Odde, Schutz, & Behrns, 1994; 

Pollard, Littlejohn, & Suttie, 1994; Rushen, 1986; van Rooijen & Metz, 1987). Stressful 

events around lambing are likely to increase the rate of ewe-lamb separation and to 

delay reunion which is in turn likely to affect the lamb’s chances of survival; it could be 

expected that this effect is even more pronounced in nervous than in calm animals. In a 

study comparing two lines of sheep selected for their calm or nervous temperament, the 

percentage of lambs dying between birth and weaning in the calm temperament line was 

half of that of the nervous one, an observation made in both single- and twin-born lambs 

(Murphy, Lindsay, & Le Neindre, 1998). Results from our previous study have shown 

that ewes and lambs, whether calm or nervous, show little difference in their ability to 

discriminate each other in a two-choice test (Bickell, Nowak, Poindron, Sebe, 

Chadwick, Ferguson, & Blache, 2009), demonstrating that in mother and young the 
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initiation of the bonding process is not affected by temperament. However, this 

experiment was run indoors under optimal conditions, which avoided any source of 

stress. This does not exclude that in a much more challenging situation, the recognition 

performances of nervous sheep would be lower than those of calm sheep. As sheep that 

have been selected for their nervous reactivity are known to be more stressed by novelty 

than calm sheep (Bickell, 2005; Nowak, Poindron, Sèbe, Hart, Chadwick, & Blache, 

2006), then exposure to a novel object may impair the mother-young discriminative 

ability in nervous sheep more than in calm sheep. 

 

This study investigated to what extent novelty would affect the recognition abilities of 

calm and nervous ewes and lambs using a two-choice test. It was hypothesised that, 

tested in a new environment and in the presence of a novel and disturbing object, ewes 

and lambs selected for their calm temperament would both be better at recognising their 

own kin than ewes and lambs selected for a nervous temperament. Based on previous 

studies (Keller, 2003; Nowak, 1990; Terrazas, Ferreira, Levy, Nowak, Serafin, Orgeur, 

Soto, & Poindron, 1999), the ability of ewes and lambs to show a preference for each 

other was tested at 6 hours after parturition in mothers and 18 hours after birth in lambs 

to detect potential differences between the two temperament lines in this challenging 

situation.  

 

Materials and Methods 

 

Animals and housing conditions 

Thirty pregnant Merino ewes (15 calm, 15 nervous) were selected from the 

temperament flock maintained at the Allandale Research Farm of the UWA School of 

Animal Biology, Wundowie, 70 km east of Perth. For selection purposes, the 
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temperament had been tested in individual lambs when they were three months old, two 

weeks after weaning, using the two behavioural tests described by Murphy et al. (1994). 

In brief, the first behavioural test is a conflict of motivation test between approaching 

flock members and a human in an arena, the second test is an isolation test in a closed 

box (1.5 m3). A score based on movements and vocalisation, combining the behaviour 

of the subject in the two tests, is given to each individual and used for selection, highest 

scores corresponding to most nervous subjects.  

For this experiment, all ewes had been synchronised and artificially inseminated on a 

single day by semen from a sire of the same temperament line (calm or nervous). Each 

ewe had previously lambed in earlier years (multiparous) and females were all 

determined to be carrying a single lamb by ultrasound scanning. Three weeks before 

parturition, ewes were transferred indoors to individual deep litter pens measuring 1.2 x 

3.2 m. They were fed hay and concentrates according to the physiological requirements 

of their stage of pregnancy and had water available ad libitum. The use of animals and 

the procedure were approved by the Animal Ethics Committee of the University of 

Western Australia (approval number 05100466).  

 

Experimental procedures 

 

Recognition of the lamb by mothers 6 h after parturition 

The testing arena and procedure were similar to those described by Bickell et al. (2009). 

A triangular testing arena was built in an isolated room situated 50 m away from the 

group of lambing ewes (Figure 1). The base of the triangle consisted of three pens side 

by side. The two corner pens contained a stimulus lamb (own or alien) and were 

separated by a pen containing a novel object, 100 cm in height. The object was powered 

by an electric fan and blew air into a white soft plastic tube (20cm in diameter, 50cm in 
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length) so that the tube moved at random and made moderate noise. The object was 

mobile, noisy and novel, characteristics that are psychologically stressful for animals 

(Boissy, 1995; Désiré et al., 2004) and had also been demonstrated to be a fear inducing 

stimulus (Bickell 2005). These three pens were separated from the testing area by a set 

of hurdles, 1 m away, so that the ewes could see and hear the lambs but not smell them. 

This testing pen was designed from previous studies (Ferreira, Terrazas, Poindron, 

Nowak, Orgeur, & Levy, 2000; Terrazas et al., 1999) showing that under such 

conditions, recognition of the lambs is more challenging. The testing arena was divided 

into five zones and only an area of 1x2 m in front of each lamb was considered as a 

zone of proximal contact between the ewe being tested and the stimulus lambs. 

The test was conducted 6 hours after parturition since olfactory recognition of the 

young by the ewe requires only 1/2 to two hours of contact (Keller, 2003) and there is 

evidence that recognition without the help of olfactory cues is established within 6 to 8 

h post-partum in multiparous mothers (Keller, 2003; Terrazas et al., 1999). In each 

genetic line, half of the mothers were tested with their own lamb on either the right or 

the left side of the arena. The test lasted for 5 minutes and started once the novel object 

was switched on and the ewe was released. The test was videotaped so that it could be 

analysed later in the laboratory (Table 1); however, vocal activity was noted during the 

test by at least two experimenters, as the source of each bleat could not be identified on 

the video-recordings.  
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Figure 1: Testing pens used in the recognition of the young by the ewe (a) and in the 

preference for the mother by the lamb (b). 

 

Preference for the mother by 18-h-old lambs 

Although there is no doubt that lambs can recognise their mother once they are two 

days old (Nowak, 1990; Sèbe, Nowak, Poindron, & Aubin, 2007), there is evidence that 

in the first day the orientation response depends mainly on the display of maternal 

acceptance by the own mother  (Terrazas, Nowak, Serafin, Ferreira, Lévy, & Poindron, 

2002). Therefore the term preference was chosen instead of recognition in the study 

concerning lambs.  

The expression of a preference for the mother was assessed in a two-choice test when 

lambs were 18-h old according to the design of the testing arena and protocol described 

by Bickell et al. (2009). The testing arena was derived from the one used in the 

recognition of the lamb by the mother (Figure 1). However, the zone of contact was 

reduced to be a 50 cm-wide area in front of the stimulus ewes.   
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In each line of sheep, half of the lambs were tested with their mother on either the right 

or the left side of the arena. The test lasted for 5 minutes and the procedure, data 

recording (Table 1) and data analysis was the same as for mothers  

 

Table 1: Variables recorded during the 5-minute two-choice discrimination test. 

Locomotor activity of tested animal 

 

Latency to reach a proximity / contact zone; reach being defined as the head and front 

legs in the proximity / contact zone 

 

Total time spent in each proximity / contact zone; animals were considered in the 

proximity / contact zone if their head and front legs were in the zone 

 Total number of visits to each proximity / contact zone 

 Time spent looking (Terrazas et al., 1999) at each stimulus animal 

Vocal activity of tested animal and stimulus animals 

 Number of high-pitched bleats (open mouth bleat) 

  Number of low-pitched bleats (closed mouth bleat) 

 

 

Statistical analyses 

To detect differences in the ratio of calm and nervous animals that reached the 

proximity or contact zone a Fisher’s Exact probability test was performed. To detect 

differences between temperament lines a Mann-Whitney test was used and a Wilcoxon 

test for paired samples was used to detect differences between own versus alien. 

Animals that did not reach the proximity/contact zone were assigned the maximum time 

of five minutes for the test. Due to incomplete data recording because of technical 

problems with the recording equipment, 1 calm ewe had to be excluded from the study; 

however, this does not apply for lambs, which were all tested in both groups. 
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Results  

 

Recognition of lambs by their mothers 6 h after parturition 

All the nervous ewes and all but one calm ewe reached the proximity zone in front of 

any lamb and their own lamb before the end of the test. Mothers from both temperament 

lines did not differ in the time it took for them at the start of the test to initially reach 

any proximity zone (Calm = 26.3 ± 21 sec; Nervous = 3.2 ± 0.7 sec, p = 0.15) or to 

reach the proximity zone in front of their own lamb (Calm = 29 ± 21 sec; Nervous = 8.3 

± 2.1 sec, p = 0.93). 

The time calm and nervous ewes spent next to or looking at each lamb did not differ 

between temperament lines and both calm and nervous mothers spent more time near 

their own lamb than near the alien lamb (Calm p = 0.01; Nervous p = 0.03, Figure 2). 

Nervous ewes looked at their own lamb more than at the alien lamb (p = 0.03), while no 

differences were detected in the amount of time calm ewes spent looking at each lamb 

(Figure 2). 

The number of visits made to each proximity zone did not differ between calm and 

nervous mothers (Own lamb: Calm = 6 ± 0.8; Nervous = 9.4 ± 1.6, p = 0.19, Alien 

lamb: Calm = 4.8 ± 0.8; Nervous = 7.7 ± 1.2, p = 0.08), and mothers of both 

temperament lines visited the zone located next to their own lamb more than that next to 

the alien lamb (Calm p = 0.02; Nervous p = 0.03). The number of visits to each 

proximity zone tended to differ between temperament lines, as the nervous ewes tended 

to cross these zones more than the calm ewes (Nervous = 17 ± 2.7; Calm = 10.8 ± 1.5, p 

= 0.059). 

Vocal activity also differed between the two temperament lines, with nervous mothers 

emitting more high-pitched bleats than calm mothers during the test (Nervous = 103 ± 

6.2; Calm = 80 ± 6.9, p = 0.011). Nonetheless, calm ewes emitted more high pitched 
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bleats near their own lamb than near the alien lamb (Own lamb = 34.7 ± 5, Alien lamb = 

18.9 ± 3.7, p = 0.02), while this difference did not quite reach significance for nervous 

ewes (Own lamb = 41.2 ± 4.3, Alien lamb = 29.1 ± 4.4, p = 0.08). Finally, the vocal 

activity of the stimulus lambs did not differ between temperament lines, nor between 

the own and the alien lamb (Calm own = 43.2 ± 7; Nervous own = 49.6 ± 10, Calm 

alien = 49.8 ± 9.2; Nervous alien = 49.7 ± 8.6). 

 

 

 

Figure 2: Time spent by calm (n = 14) and nervous (n = 15) ewes near (a) or looking at 

(b) their own (white boxes) or alien (grey boxes) lamb during the two choice test 

conduced at 6 hours after parturition. Values are medians (bar within the box) and first 

and third quartile ranges (boarders of box) with 10 and 90 percentile shown as the error 

bars. Outliers are shown as circles. *: p < 0.05. 
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Preference for the mother by 18-h-old lambs 

Two calm and one nervous lamb did not reach any contact zone before the test finished 

(Fisher exact p = 0.61), while six calm and two nervous lambs failed to reach the 

contact zone in front of their own mother before the test finished (Fisher exact p = 

0.22).  Calm lambs took longer than nervous lambs to reach the zone of contact in front 

of any ewe (Calm = 130 ± 30 sec; Nervous = 48 ± 19 sec, p = 0.015) and to reach the 

contact zone in front of their own mother (Calm = 183 ± 28 sec; Nervous = 91 ± 25 sec, 

p = 0.01). 

The time that lambs spent near or looking at their mother differed between the two 

temperament lines (Figure 3). Nervous lambs spent more time near their own mother (p 

= 0.008), and looked at their own mother more than at the alien ewe (p = 0.004), while 

the time calm lambs spent near (p = 0.221) or looking (p = 0.347) at each ewe did not 

differ significantly (Figure 3). Also, the time spent near (p = 0.375) or looking (p = 

0.205) at the alien ewe did not differ between the lambs of the two temperament lines 

(Figure 3).  

The number of visits made to each ewe did not differ between temperament lines (Own 

ewe: Calm = 0.8 ± 0.2; Nervous = 1.3 ± 0.2, p = 0.08, Alien ewe: Calm = 0.9 ± 0.3; 

Nervous = 1.1 ± 0.2, p = 0.19) and the number of times lambs changed contact zones 

did not differ either between calm and nervous lambs (Calm = 1.7 ± 0.4; Nervous = 2.5 

± 0.4, p = 0.21). 

The number of high-pitched bleats the lambs emitted in each proximity zone near each 

ewe did not differ between the two temperament lines (Calm: Own ewe = 1.3 ± 0.6, 

Alien ewe = 2.6 ± 1, p = 0.44; Nervous: Own ewe = 9.4 ± 2.9, Alien ewe = 17 ± 6.1, p = 

0.3) nor did the total number of bleats emitted by the lambs (Calm = 34 ± 4.3; Nervous 

= 44.5 ± 8.4, p = 0.62). Finally, the vocal activity of the stimulus ewes did not differ 
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between temperament lines, or between the own and the alien ewe (Calm own = 74 ± 5; 

Nervous own = 72.4 ± 6.8, Calm alien = 70 ± 5.7; Nervous alien = 80.3 ± 11.4). 

 

 

Figure 3: Time spent by calm (n = 15) and nervous (n = 15) lambs near (a) or looking 

at (b) their own (white boxes) or alien (grey boxes) ewe during the two choice test 

conducted at 18 hours after birth. Values are medians (bar within the box) and first and 

third quartile ranges (boarders of box) with 10 and 90 percentile shown as the error 

bars. Outliers are shown as circles. *: p < 0.05. 
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Discussion  

 

The hypothesis that in the presence of a novel object a nervous temperament would 

impair the ability of ewes and lambs to identify each other and to reunite in a two-

choice test was not supported by our results. In fact, the opposite was obtained in lambs 

since nervous animals expressed better discriminative abilities, in terms of time spent 

near the dam, or time spent looking at her, than calm lambs. A greater level of 

motivation to reach the proximity of their mothers in the nervous lambs than in the calm 

lambs could explain the lack of preference in the calm lambs. It is possible however, 

that calm and nervous lambs adopted different coping mechanisms when they were 

exposed to a challenging situation. Different coping mechanisms were also possibly 

observed in mothers as only the nervous ewes spent significantly more time looking at 

their own lamb. Although the difference was not as pronounced as in lambs, it is 

consistent with our previous results in favour of a better expression of maternal 

recognition in the nervous line (Bickell et al., 2009).   

 

One explanation for the better discriminative abilities of nervous lambs may lie in a 

stronger motivation to seek the proximity of their mother compared with the calm 

lambs. Fear heightens an individual’s motivation to cope effectively with an impending 

stressor (Baron, Logan, Lilly, Inman, & Brennan, 1994) and thus the nervous lambs 

may have perceived the novel object as something fearful, increasing their motivation to 

reunite with their mothers rather than avoiding the object as we thought. The object was 

mobile, noisy and novel, characteristics that are psychologically stressful for animals 

(Boissy, 1995; Désiré et al., 2004). The nervous lambs, because of their predisposed 

nervous temperament, may have perceived the novel object as something negative and 

stressful which increased their motivation to seek comfort and therefore to reunite with 
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their mothers. Indeed, nervous lambs were quicker than calm lambs to reach their 

mothers and thus performed better in the recognition test. By contrast, the calm lambs, 

because the novel object was less frightful to them, took more time to reach their 

mother and were not as motivated to stay next to her.  

 

Alternatively, exposure to the novel object may have been just as fearful to the calm 

lambs as it was to the nervous lambs. We have previously shown that calm and nervous 

lambs do not differ in their performance when tested in the very same conditions but in 

the absence of the novel object, both temperament lines being able to show a clear 

preference for their mother (Bickell et al., 2009). Therefore, the difference found in the 

present study between calm and nervous lambs is due to their reactivity to the novel 

object, not the novel environment. Unexpectedly, the addition of the novel object to the 

two-choice situation changed the response of the calm lambs but not that of the nervous 

lambs. One explanation for this unexpected outcome is that the two-choice situation 

might have been already highly stressful to the nervous lambs and thus any additional 

stressor made no difference to their motivation to reunite with their mother. In contrast, 

in the calm lambs, the addition of the stressor increased their level of stress, or induced 

stress, that resulted in adopting a withdrawal response to the stressful item. In fact, 

active seeking of the ewe by the nervous lambs and avoidance behaviour of the calm 

lambs seem to be a characteristic of their temperament. When tested at weaning in an 

arena test evaluating conflicting motivations, social attractiveness towards flock mates 

and avoidance of a human, the nervous lambs approach the human standing in front of 

the flock-mates while calm animals will avoid the human (Beausoleil, Blache, Stafford, 

Mellor, & Noble, 2008). Although the human is perceived as a stressful stimulus by 

sheep reared under extensive conditions, the need to stay close to flock-mates in 
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nervous animals may override their usual fear of humans while the reverse is observed 

in calm animals which prefer to keep away from the human. 

 

The difference in the lamb’s performance could therefore be because calm and nervous 

lambs adopt different coping strategies when they are exposed to a challenging 

situation. When animals are faced with stressful situations they adopt behavioural 

strategies to try and cope with them (Koolhaas, Korte, De Boer, Van Der Vegt, Van 

Reenen, Hopster, De Jong, Ruis, & Blokhuis, 1999). Calm lambs would predictably 

react to the novel object with avoidance behaviour, somewhat equivalent to the 

conservation-withdrawal response (Koolhaas et al., 1999). The novel object was 

positioned between the ewes and thus to approach their mother the lambs had to 

approach the novel object as well. Calm lambs took longer to approach the contact zone 

than nervous lambs. This suggests that calm lambs were avoiding the novel object 

rather than a lack of recognition of the mother since a previous study demonstrated that 

preference were similar between lamb of both temperament lines (Bickell et al., 2009). 

On the other hand, nervous lambs may have adopted a more active style of coping as 

suggested by (Beausoleil et al., 2008). Nervous lambs might have actively sought the 

proximity of their mother because their mother represented safety (Lansade, Bouissou, 

& Boivin, 2007).  

 

Unlike the lambs, the calm and nervous ewes did not differ much in their recognition 

abilities indicating that their motivation to reach their lambs overrode their fear of 

novelty. Only the time spent looking at either their own or the alien lamb differed 

between the two lines. The ewes were both capable of recognising their own lambs 

from an alien lamb even in the presence of the novel stressor. This may suggest that the 

adult animals are not as stressed by the novel object as neonates could be. However, 
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previous research in a completely different situation has found that the object used in 

the present study is indeed a source of stress, especially for the nervous ewes, (Bickell, 

2005). The high frequency of high-pitched bleats and movements in the testing arena 

indicates that the ewes were in fact stressed, either by the novel object or the situation 

or both. The two-choice situation itself is quite challenging for the ewes as they cannot 

escape out of the pen nor can they make proper contact with their lambs. It cannot be 

excluded that the addition of the novel object may have had little effect on increasing 

the challenge or stress of the situation. Despite this stressful situation, the ewes did 

recognise their young and this suggests that the motivation of mothers to reach the 

proximity zone in front of their lambs overrode their fear of novelty. Many studies have 

found a reduction in fearfulness in pregnant and lactating females (Hard & Hansen, 

1985; Maiestripieri & D'Amato, 1991; Viérin & Bouissou, 2007) as this reduction in 

fearfulness serves to facilitate the expression of defensive aggression in protection of 

the young (Turner & Lawrence, 2007). In the current study, there was the increased 

motivation to reunite with the attachment partner due to the fear inducing novel object 

which was not present in the previous research (Bickell et al., 2009).  

 

Our study has shown that the selection for a nervous temperament does not impair the 

capacity of ewes and lambs to display an early preference for each other when exposed 

to a novel and disturbing object and tested in a two-choice testing situation. In fact, 

having a nervous temperament may prove to be an advantage in some challenging fear 

inducing situations since it seems to increase the motivation of nervous lambs to reunite 

with their mother. However, this work was conducted in an experimental and spatially 

confined testing situation. Whether having a nervous temperament would be an 

advantage in a natural outdoor context where animals can express flight responses needs 

further investigation. Nonetheless our study highlights that the higher lamb mortality 
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found under experimental field conditions in the nervous line by Murphy et al. (1998) is 

unlikely to be due to any social cognitive deficiency.  

 

Notes 

We would like to thank Céline Lenoury, Ken Hart, Baptiste Deleplace and Monique 

Poindron for all their help with the experimental work. We would also like to thank 

Steve Gray for all his help, advice and expertise and for caring for the animals. The 

work was supported by funding and a PhD scholarship from Meat and Livestock 

Australia and The University of Western Australia. 



 

 74 

References 

Baron, R., Logan, H., Lilly, J., Inman, M., & Brennan, M. (1994). Negative emotion 

and message processing. Journal of Experimental Social Psychology, 30, 181-

201. 

Beausoleil, N. J., Blache, D., Stafford, K. J., Mellor, D. J., & Noble, A. D. L. (2008). 

Exploring the basis of divergent selection for ‘temperament’ in domestic sheep. 

Applied Animal Behaviour Science 109, 261-274. 

Bickell, S. (2005). Sheep selected for a low emotional reactivity are less stressed when 

faced with a novel object. Honours thesis, The University of Western Australia, 

Perth. 

Bickell, S., Nowak, R., Poindron, P., Sebe, F., Chadwick, A., Ferguson, D., & Blache, 

D. (2009). Temperament does not affect the overall establishment of mutual 

preference between the mother and her young in sheep measured in a choice 

test. Developmental Psychobiology, 51, 429-428. 

Boissy, A. (1995). Fear and fearfulness in animals. The Quarterly Review of Biology, 

70, 165-191. 

De Quervain, D. J. F., Roozendaal, B., & McGaugh, J. L. (1998). Stress and 

glucocorticoids impair retrieval of long-term spatial memory. Nature, 

394(6695), 787. 

Désiré, L., Veissier, I., Després, G., & Boissy, A. (2004). On the way to assess 

emotions in animals: Do lambs evaluate an event through its suddenness, 

novelty or unpredictability? Journal of Comparative Psychology, 118, 363-374. 

Ferreira, G., Terrazas, A., Poindron, P., Nowak, R., Orgeur, P., & Levy, F. (2000). 

Learning olfactory cues is not necessary for early lamb recognition by the 

mother. Physiology & Behavior, 69, 405-412. 



 

 75 

Gosling, S. D. (2001). From mice to men: What can we learn about personality from 

animal research? Psychological Bulletin, 127(1), 45-86. 

Grandin, T., & Deesing, M. J. (1998). Genetic effects on behavior during herding, 

handling, and restraint. In T. Grandin (Ed.), Genetics and the Behavior of 

Domestic Animals (pp. 113-144). San Diego, California: Academic Press. 

Grandin, T., Odde, K. G., Schutz, D. N., & Behrns, L. M. (1994). The reluctance of 

cattle to change a learned choice may confound preference tests. Applied 

Animal Behaviour Science, 39, 21-28. 

Hard, E., & Hansen, H. S. (1985). Reduced fearfulness in the lactating rat. Physiology 

& Behavior, 35, 641-643. 

Hölscher, C. (1999). Stress impairs performance in spatial water maze learning tasks. 

Behavioural Brain Research, 100(1-2), 225-235. 

Keller, M., Meurisse, M., Poindron, P., Nowak, R., Shayit, M., Ferreira, G. & Lévy, F. 

(2003). Maternal experience influences the establishment of visual/auditory, but 

not of olfactory recognition of the newborn baby lamb by ewes at parturition. 

Developmental Psychobiology, 43, 167-176. 

Kendrick, K. M. (1998). Intelligent perception. Applied Animal Behaviour Science, 57, 

213-231. 

Kim, J. J., & Yoon, K. S. (1998). Stress: metaplastic effects in the hippocampus. Trends 

in Neurosciences, 21(12), 505-509. 

Koolhaas, J. M., Korte, S. M., De Boer, S. F., Van Der Vegt, B. J., Van Reenen, C. G., 

Hopster, H., et al. (1999). Coping styles in animals: current status in behavior 

and stress-physiology. Neuroscience and Biobehavioral Reviews, 23(7), 925-

935. 



 

 76 

Lansade, L., Bouissou, M. F., & Boivin, X. (2007). Temperament in preweanling 

horses: Development of reactions to humans and novelty, and startle responses. 

Developmental Psychobiology, 49, 501-513. 

Lawrence, A. B., Terlouw, E. M. C., & Illius, A. W. (1991). Individual differences in 

behavioural responses of pigs exposed to non-social and social challenges. 

Applied Animal Behaviour Science, 30(1-2), 73-86. 

Maiestripieri, D., & D'Amato, F. R. (1991). Anxiety and maternal aggression in house 

mice (Mus musculus): a look at interindervidual variability. Journal of 

Comparative Psychology, 105(3), 295-301. 

McEwen, B. S., & Sapolsky, R. M. (1995). Stress and cognitive function. Current 

Opinion in Neurobiology, 5(2), 205-216. 

Mendl, M. (1999). Performing under pressure: stress and cognitive function. Applied 

Animal Behaviour Science, 65(3), 221-244. 

Murphy, P. M., Lindsay, D. R., & Le Neindre, P. (1998). Temperament of Merino ewes 

influences maternal behaviour and survival of lambs. Proceedings of the 32nd 

Congress of the International Society for Applied Ethology, 32, 131. 

Murphy, P. M., Purvis, I. W., Lindsay, D. R., Le Neindre, P., Orgeur, P., & Poindron, P. 

(1994). Measures of temperament are highly repeatable in Merino sheep and 

some are related to maternal behaviour. Proceedings of the Australian Society of 

Animal Production, 20, 247-250. 

Nowak, R. (1990). Mother and sibling discrimination at a distance by three- to seven-

day-old lambs. Developmental Psychobiology, 23(3), 285-295. 

Nowak, R., Poindron, P., Sèbe, F., Hart, K. W., Chadwick, A., & Blache, D. (2006). 

Divergent selection on temperament affects vocal and locomotor activity in 

isolated newborn lambs. Paper presented at the Proceedings of the Australian 

Society of Animal Production, Perth, W.A. 



 

 77 

Nowak, R. F., & Lindsay, D. R. (1992). Discrimination of merino ewes by their 

newborn lambs: important for survival? Applied Animal Behaviour Science, 

34(1-2), 61-74. 

Poindron, P., Nowak, R., Lévy, F., Porter, R. H., & Schaal, B. (1993). Development of 

exclusive mother-young bonding in sheep and goats. Oxford Reviews of 

Reproductive Biology, 15, 311-364. 

Pollard, J. C., Littlejohn, R. P., & Suttie, J. M. (1994). Responses of red deer to restraint 

in a y-maze preference test. Applied Animal Behaviour Science, 39, 63-71. 

Rushen, J. (1986). Aversion of sheep for handling treatments: paired-choice studies. 

Applied Animal Behaviour Science, 16, 363-370. 

Sèbe, F., Nowak, R., Poindron, P., & Aubin, T. (2007). Establishment of vocal 

communication and discrimination between ewes and their lamb in the first two 

days after parturition. Developmental Psychobiology, 49(4), 375-386. 

Stevenson-Hinde, J., Stillwell-Barnes, R., & Zunz, M. (1980). Individual differences in 

young Rhesus monkeys: consistency and change. Primates, 21(4), 498-509. 

Terrazas, A., Ferreira, G., Levy, F., Nowak, R., Serafin, N., Orgeur, P., Soto, R., & 

Poindron, P. (1999). Do ewes recognize their lambs within the first day 

postpartum without the help of olfactory cues? Behavioural Processes, 47(1), 

19-29. 

Terrazas, A., Nowak, R., Serafin, N., Ferreira, G., Lévy, F., & Poindron, P. (2002). 

Twenty-four-hour-old lambs rely more on maternal behavior than on the 

learning of individual characteristics to discriminate between their own and an 

alien mother. Developmental Psychobiology, 40(4), 408-418. 

Tiegen, K. H. (1994). Yerkes-Dodson: a law for all seasons. Theory of Psychology, 4, 

525-547. 



 

 78 

Turner, S. P., & Lawrence, A. B. (2007). Relationship between maternal defensive 

aggression, fear of handling and other maternal care traits in beef cows. 

Livestock Science, 106, 182-188. 

van Rooijen, J., & Metz, J. H. M. (1987). A preliminary experiment on t-maze choice 

tests. Applied Animal Behaviour Science, 19, 51-56. 

Viérin, M., & Bouissou, M. F. (2007). Influence of maternal experience on fear 

reactions in ewes. Applied Animal Behaviour Science, 75, 307-315. 

Yerkes, R. M., & Dodson, J. D. (1908). The relation of strength of stimulus to rapidity 

of habit formation. Journal of Comparative Neurology and Psychology, 48(B), 

459-482. 

 

 



 

 79 

Chapter 3 

 

Maternal behaviour and peripartum levels of oestradiol and progesterone show 

little differences in Merino ewes selected for calm or nervous temperament under 

indoor housing conditions. 
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Abstract 

 

Temperament influences the expression of maternal behaviour in sheep under 

experimental field conditions. We investigated whether maternal behaviour between 

ewes selected for a calm or nervous temperament is independent from environmental 

conditions. In addition, the level of maternal behaviour expressed by mothers is 

correlated with the concentration of hormones during the peripartum period. Therefore 

we investigated if the selection for temperament had resulted in hormonal differences 

between the two lines concerning the hormones that could be involved in the onset of 

maternal behaviour. Oestradiol, progesterone and cortisol concentrations from 4 days 

before parturition through to 24 hours after parturition were determined from blood 

samples collected from 10 calm and 12 nervous ewes. Behavioural interactions between 

ewe and lamb were also recorded for 2 hours starting at parturition. Mothers of both 

temperament lines showed adequate maternal behaviour under our controlled conditions 

of study. Therefore, our results do not suggest that selection for a calm or nervous 

temperament has profoundly affected the intrinsic ability of mothers to display adequate 

maternal behaviour. The hormonal differences between the two temperament lines were 

generally small and their possible influence on the display of maternal behaviour in the 

two temperament lines would remain to be demonstrated.  

 

Keywords: ewe, temperament, maternal behaviour, hormones  
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Introduction 

 

A lamb’s survival depends, in part, on the quality of maternal care it receives from its 

dam. Lamb survival is affected by the selection on temperament. Studies with Merino 

ewes selected for a high or low reactivity to humans and isolation (respectively labelled 

‘calm’ and ‘nervous’) (Murphy 1999; Murphy et al. 1994) have found that the mortality 

rate of lambs born from calm ewes (calm lambs) is half that of the lambs born from 

nervous ewes (nervous lambs) (Murphy 1999). Results by Murphy (Murphy 1999; 

Murphy et al. 1994) suggest that this is due to some differences in the expression of 

maternal behaviour between the two temperament lines during the early postpartum 

period. Calm ewes were found to have higher levels of maternal behaviour (grooming 

and bleating) than nervous ewes (Murphy 1999). However, the behaviour of the ewes 

was watched by human observers standing 1 meter away from the ewe and lamb. The 

animals are selected on their reactivity to humans and thus the presence of the human 

during the observations may have affected the behaviour of the ewes. Therefore whether 

the differences in the maternal behaviour between the ewes selected for a calm or 

nervous temperament is independent from the environmental conditions remains to be 

investigated.  

 

The spontaneous onset of maternal behaviour in the ewe at parturition is largely under 

hormonal control (Poindron and Levy 1990), and the degree and duration of maternal 

behaviour each animal exhibits at parturition varies between individuals. Past studies 

have found that the amount of maternal behaviour expressed by dams is correlated with 

the concentration of hormones, particularly oestradiol and cortisol, during the 

peripartum period (Dwyer et al. 2004; Pryce et al. 1988). Therefore, the quality of 

maternal behaviour expressed by individuals could be due to the level of circulating 
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hormones required for the onset of maternal behaviour. Therefore it is not known 

whether the differences in maternal behaviour reported by Murphy (1999) and Murphy 

et al. (1994) between the two temperament lines could be due to differences in the level 

of hormones required for the onset of maternal behaviour. 

 

In sheep, as in other mammals, oestradiol plays a critical role in the facilitation of 

maternal behaviour. Oestradiol plays a priming role and is critical for vaginal 

stimulation to be able to trigger maternal behaviour (Kendrick and Keverne 1991; 

Meurisse et al. 2005; Poindron et al. 1988). In addition, oestradiol is positively 

correlated with the quality of maternal behaviour displayed by the ewe. Higher levels of 

maternal care (licking and grooming, udder acceptance) were found in Blackface ewes 

that also had higher oestradiol concentrations immediately before birth (Dwyer et al. 

2004). Other hormones have also been reported to come into play in the control of 

maternal behaviour at parturition in mammals. Progesterone may be inhibitory if 

present at birth, but it can also facilitate the action of oestradiol (Kendrick et al. 1997). 

Corticosteroids also have been reported to play a role in the modulation of ongoing 

maternal behaviour during the post-partum period (Rees et al. 2004). However, very 

high levels due to stress may be detrimental to maternal behaviour (Tu et al. 2005; 

Weinstock 2005).  

 

The aims of this study were 1) to verify if the maternal behaviour of the two 

temperament lines differed in controlled conditions in which the animals had been 

intensely habituated to the presence of humans, in particular by daily feeding and 2) to 

investigate if selection had resulted in hormonal differences between the two lines 

concerning the hormones that could be involved in the onset of maternal behaviour. 
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Materials and Methods 

 

Experimental design 

Twenty-two single bearing multiparous Merino ewes from a flock of sheep selected for 

their calm or nervous temperament (10 calm, 12 nervous) were transferred indoors and 

kept in individual pens two weeks before parturition. Blood samples were collected at 6 

hour intervals from all ewes from 4 days before parturition through to 24 hours after 

parturition. Behavioural interactions between ewe and lamb were recorded for 2 hours 

starting at parturition. Oestradiol, progesterone and cortisol concentrations in each 

blood sample were determined by radioimmunoassay. The use of animals and the 

procedure were approved by the University of Western Australia Animal Ethics 

Committee (approval number 05100466) 

 

Animals 

The 22 experimental ewes came from the temperament flock maintained at the 

Allandale Research Farm of the UWA School of Animal Biology, Wundowie, Western 

Australia. Ewes were multiparous and were aged between 3-5 years of age. The two 

temperament lines of ewes resulted from selection for 17 years on the basis of testing 

temperament in individual lambs when they were three months old, two weeks after 

weaning, using a combination of two behavioural tests as described by Murphy et al. 

(1994). In brief, the first behavioural test is a conflict of motivation test between 

approaching flock members and a human in an arena test, the second test is an isolation 

test in a closed box. A score based on movements and vocalisation and combining the 

behaviour of the subject in the two tests was given to each individual. All ewes were 

synchronised in estrus using progesterone sponges and naturally mated with a sire of the 

same temperament line. They had previously lambed and were all determined by 
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ultrasound scanning to be carrying a single lamb. Two weeks before parturition ewes 

were transferred indoors to individual deep litter pens measuring 1.2 x 3.2 m. and were 

fed hay and concentrates to maintenance with water available ad libitum. The animals 

were habituated to the presence of humans by twice daily feeding for two weeks.  

 

Blood sampling procedure 

Blood samples, approximately 9 ml, were collected from the jugular vein by 

venipuncture at 6 hr intervals from all ewes from 7 days before the expected date of 

birth until the first signs of parturition. Only samples from the last 4 days of pregnancy 

were available for all ewes and thus analyses were only performed on samples from 4 

days before parturition. No sampling was performed during labour. Immediately after 

parturition a blood sample was taken and then samples were taken at 1 hr, 2 hr, 8 hr, 16 

hr and 24 hours after parturition. Blood samples were centrifuged immediately after 

sampling and the resultant plasma was separated and stored at -80˚C until assayed for 

oestradiol, progesterone and cortisol.   

 

Lambing procedure 

Ewes lambed without assistance as far as possible. However, if the ewe had begun 

labour but had not delivered the lamb after it had been visible for 1 hr then assistance 

was given (Dwyer et al. 2004).  

 

Behavioural observations 

Maternal and lamb behaviour data were collected by continuous live observations for 

two hours and recorded on preformatted sheets. Behaviours of the ewe included licking, 

low-pitched and high-pitched bleating, acceptance and rejection at the udder, backing 

and circling away. Behaviour of the lamb included latency of attempts to stand and suck 
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as well as latency to actually stand and suck. The definitions of behaviours recorded are 

given in Table 1. Duration of labour was determined from the first appearance of the 

lamb to when the lamb dropped onto the ground. 

 

Table 1: Definitions of maternal and neonatal behaviours 

Behaviour Description 

Maternal behaviour  

 Licking Licking of the lamb. 

 Low pitched bleat A low pitched 'rumble' or 'mmm' bleat made with the 
mouth closed. 

 High pitched bleat Louder 'baa' bleat made with the mouth open. 

 Terminating sucking 
bout 

Ewe moves away from the lamb while lamb is at the 
udder 

 Circling Ewe steps sideways, moving hindquarters away from the 
lamb when it goes toward the inguinal region. 

 Backing Ewe steps backwards as lamb moves forwards toward 
the inguinal region. 

 Head butt Ewe’s head makes contact with the lamb following a 
fast movement of head 

 Head threat Ewe makes a fast movement of head as if to head butt 
lamb, but does not make contact 

Lamb behaviour  
 Suckles at the udder Lamb has teat in its mouth for at least 5 s. 

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

 Attempts to stand Lambs stands on all 4 feet for less than 5 s. 

 Stands Lamb stands on all 4 feet for more than 5 s. 

 

Radioimmunoassay  

Oestradiol was measured in a single assay after extraction with diethyl ether. The limit 

of detection was 0.7 pg/ml and the intra-assay coefficients of variation was 3.9%, 2.1% 

and 5.1% at 48.7, 13.1 and 2.56 pg/ml. 
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Progesterone samples were assayed using Progesterone DSL-3900 radioimmunoassay 

kit (Diagnostic Systems Laboratories, Webster, Texas). The limit of detection was 0.15 

ng/ml and the intra-assay coefficients of variation was 2.6% and 3.0% at 1.01 and 10.21 

ng/ml. 

Cortisol samples were assayed using GammaCoat Cortisol 125I radioimmunoassay kit 

(DiaSorin, Stillwater, Minnesota). The limit of detection was 3.5 nmol/L and the intra-

assay coefficients of variation was 1.2% and 4.0% at 43.1 and 109.6 nmol/L. 

 

Statistical analyses 

Maternal behaviours were compared between temperament lines using a two factorial 

(temperament line, time after birth) analysis of variance (ANOVA) with Genstat Eighth 

Edition (VSN International Ltd, Hemel Hempstead, United Kingdom). The first and 

second hour after birth were analysed separately to determine if the wane in maternal 

behaviour over time differed between the two temperament lines. Differences between 

temperament lines on the ratio of the number of times the ewe terminates the sucking 

bout / time the lamb suckles at the udder were analysed with 2 sample t-tests. 

Differences between temperament lines on the proportion of ewes circling and backing 

away from their lambs were carried out with a Fisher’s Exact probability test (Genstat 

Eighth Edition). Differences between temperament lines in the duration of labour and 

time to shed placenta were analysed with 2 sample t-tests. Lamb behaviours were 

compared between temperament lines using a Mann-Whitney U test. 

Hormone concentrations were analysed with repeated measures ANOVA in three 

separate time periods (1) 4 days to 1 day before parturition, (2) immediately after birth, 

1hr after, 2 hrs after and (3) 8, 16 and 24 hrs after birth. Post-hoc comparisons were 

performed with Least Squares Means Differences. Hormone concentrations before 
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parturition were averaged for each day. Comparisons between the end of a time period 

and the beginning of the next were analysed using t tests for paired samples. 

 

Results 

 

Parturition and shedding of placenta 

The duration of labour did not differ between calm (13.5 ± 2.3 min) and nervous (19.4 ± 

7.3 min) ewes (p = 0.44). Likewise, the time it took to shed the placenta after giving 

birth did not differ between calm (197.3 ±  24.3 min) and nervous ( 208 ± 14.0 min) 

ewes (p = 0.707).  

 

Maternal behaviour 

All but one ewe began licking their lamb within the first 10 min of birth. There was no 

effect of temperament on the maternal behaviour of the ewe during the first hour after 

birth. Calm and nervous ewes did not differ in the amount of time they spent licking 

their lamb, or in the number of low-pitched bleats they emitted (Table 2). However, 

nervous ewes tended (p = 0.06) to emit more high-pitched bleats than calm ewes (Table 

2). The ratio of ewes that terminated sucking bouts / time at the udder and the 

proportion of ewes that circled and backed away from the lamb also did not differ 

between the two temperament lines (Table 2).  Aggressive behaviour towards the lamb, 

such as head butting or head threats, was not observed in either of the two temperament 

lines. 

Calm and nervous ewes did differ in their expression of maternal behaviour during the 

second hour after birth. Calm ewes spent longer licking their lambs and emitted less 

high-pitched bleats than nervous ewes (Table 2). There was also a lower proportion of 

calm ewes that circled away from their lamb compared with nervous ewes (Table 2). On 
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the other hand, the number of low-pitched bleats the ewes emitted did not differ 

between calm and nervous ewes and there was no difference in the ratio of ewes that 

terminated sucking bouts / time at the udder or in the proportion of ewes backing away 

from their lamb between the two lines (Table 2). 

 

When the observations of the 2 hours post partum are pooled, calm and nervous ewes 

differed in the number of high-pitched bleats and tended to differ in the proportion of 

ewes that circled away from their lamb. Calm ewes emitted less high-pitched bleats and 

tended to circle away from their lamb less compared with nervous ewes (Table 2). 

Otherwise, calm and nervous ewes did not differ in the amount of time they spent 

licking their lamb, in the number of low-pitched bleats they emitted or in the ratio of 

ewes that terminated sucking bouts / time at the udder or in the proportion of ewes that 

back away from the lamb (Table 2).
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Table 2: Maternal behaviour of calm and nervous ewes during the first and second hour post-partum.  

 1st hour 2nd hour Total 2 hours 

Behaviour Calm  Nervous p  Calm  Nervous p  Calm  Nervous p  
Number of ewes 10 12   10 12   10 12  
Duration of licking (min) 35.04 ± 3.5 35.37 ± 4.0 0.542 23.8 ± 1.8 16.2 ± 2.2 0.018 58.8 ± 3.9 53.9 ± 4.0 0.398 
No. low pitched bleats 399.1 ± 62.1 461.8 ± 67.1 0.209 218.5 ± 49.1 292.1 ± 39.5 0.181 617.6 ± 103.6 808.5 ± 86.8 0.17 
No. high pitched bleats 18.7 ± 7.4 92.7 ± 35.3 0.064 24.7 ± 11 121.6 ± 30.3 0.015 43.4 ± 16.7 219.4 ± 61.9 0.02 
Termination of sucking bout  

0.15 0.3 0.369 0.32 0.77 0.2 0.82 0.53 0.355 / Time at udder 
% of ewes circling away from lamb 20 50 0.204 30 83 0.027 40 83 0.07 
% of ewes backing away from lamb 20 25 1 10 25 0.59 20 33 0.64 
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Lamb behaviour 

There was no difference between temperament lines on the latency of the lambs to start 

bleating after birth or in the latency to get upright to their knees (Table 3). Calm and 

nervous lambs did differ in the latency to suckle at the udder where nervous lambs were 

quicker to start suckling than calm lambs (Table 3). Nervous lambs also tended to be 

quicker at attempting to stand (p = 0.063) as well as at standing (p = 0.072) compared 

with calm lambs (Table 3). However, calm and nervous lambs did not differ in the 

amount of time they spent suckling at the udder during the first (Calm = 3.51 ± 1 min, 

Nervous = 5.6 ± 1.2 min; p = 0.218), second (Calm = 4.87 ± 1.2 min, Nervous = 5.56 ± 

0.6 min; p = 0.497) or whole 2 hours (Calm = 8.38 ± 1.76 min, Nervous = 11.15 ± 1.5 

min; p = 0.234) postpartum. 

 

Table 3: Behaviour of calm and nervous lambs immediately after birth. 

Behaviour Calm  Nervous U stat p value 

Latency to bleat (s) 19.53 ± 16.8 9.14 ± 4.8 26 0.606 

Latency to suckle at the udder (min) 56 ± 10.9 34.3 ± 6.4 30 0.05 

Lat. to knees (min) 12.9 ± 3.4 12.3 ± 2.6 54 0.973 

Lat. to attempt to stand (min) 23.1 ± 5.2 10.3 ± 1.2 28.5 0.063 

Lat. to stand (min) 36.2 ± 8.4 19.9 ± 3.6 24.5 0.072 

 

 Comparison of hormone concentrations before, during and after parturition between 

the two temperament lines. 

In both temperament lines oestradiol concentrations increased over the 4 days before 

parturition and up to the sample just after parturition. Then, these concentrations 

declined in both lines up to 24 hours postpartum. Differences between lines were found 

only one day before birth where  the nervous ewes had significantly higher levels of 
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oestradiol compared with the calm ewes (p = 0.016; Figure 1) and 24 hours after birth, 

where oestradiol levels were higher in calm than nervous ewes (p = 0.006; Figure 1). 

 

Plasma progesterone declined before parturition in both temperament lines (p < 0.001; 

Figure 1) and remained low after parturition. No significant differences in 

concentrations were found between temperament lines before parturition. On the other 

hand, concentrations immediately after birth were higher in the calm ewes than the 

nervous ewes (p = 0.022).  

 

Cortisol concentrations increased during the 4 days before parturition and then peaked 

immediately after birth in both temperament lines (p < 0.01; Figure 1). One hour after 

birth cortisol levels declined in both temperament lines, however, from 2 hours after 

birth to 8 hours after birth, cortisol concentration decreased in the calm (p = 0.04) ewes 

but not in the nervous (p = 0.5). There was also a tendency (p = 0.11) for nervous ewes 

to have higher cortisol levels than calm ewes at 8, 16 and 24 hours after birth (Figure 1).  
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Figure 1: Plasma concentrations of (a) oestradiol, (b) progesterone and (c) cortisol from 

10 calm (open circle) or 12 nervous (closed circle) ewes from 4 days before parturition 

through to 24 hours after parturition. Standard errors are shown as bars. *: p < 0.05, #: 

p = 0.1. 

 

Discussion 

 

Mothers of both temperament lines showed adequate maternal behaviour under our 

controlled conditions of study. In both lines, all ewes displayed the full complements of 

maternal behaviour to be expected at parturition: licking of the neonate, acceptance at 

the udder, emission of maternal bleats, while showing no signs of aggression towards 
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their neonate. Therefore, our results do not suggest that selection for a calm or nervous 

temperament has profoundly affected the intrinsic ability of mothers to display adequate 

maternal behaviour. Similarly, the behaviour of the lamb did not seem to be strongly 

affected by selection, the only difference being that lambs of the nervous line were 

slightly more active than calm lambs and reached the udder sooner than calm lambs. 

Finally, concerning hormones, the differences between lines were generally small and, 

their possible influence on the display of maternal behaviour in the two temperament 

lines would remain to be demonstrated. Thus, it is well established that estradiol 

facilitates maternal behaviour and that its levels are positively correlated with maternal 

care (Dwyer et al. 2004; Pryce et al. 1988). Nonetheless, in the present study estradiol 

levels differed significantly between the two lines only on the last day prepartum and 

these levels were in fact higher in the nervous line of mothers that tended to display 

quantitatively less maternal care (i.e. duration of licking time during the second hour 

and higher percentage of mothers terminating suckling). Therefore, taken together, our 

results do not suggest that selection of sheep on their calm or nervous temperament has 

resulted in intrinsic differences in the quality of maternal behaviour expressed in 

controlled housing conditions or its immediate hormonal control by estradiol between 

the two lines. Hence, the poorer maternal behaviour of nervous ewes and the ensuing 

higher lamb mortality reported in that line by Murphy (1999) and Murphy et al. (1994) 

under outdoor lambing conditions cannot be directly accounted for by an intrinsically 

poorer maternal behaviour of nervous mothers.  

 

The apparent discrepancy between the small differences of maternal behaviour found in 

the present study and those reported by Murphy (1999) is likely to be due to the 

differences in experimental conditions between the two studies. In our study, possible 

interactions between the display of maternal behaviour in each line and other factors 
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were kept to a minimum: animals gave birth indoors, in individual pens and with 

sufficient food to meet their requirements. In addition, they had been extensively 

habituated to human presence, which was associated with the reward of food 

distribution. In contrast, in the studies of Murphy (1999) and Murphy et al. (1994), 

animals were kept outside, were exposed to winter climatic conditions, had to spend a 

large amount of time grazing to meet their metabolic requirements and had been 

conditioned to human presence only by habituation without any reward and with the 

possibility to remain at a distance from humans at any time. It is likely that at the time 

of maternal behaviour observation at lambing, this has resulted in two extremely 

different situations for the ewes. In the present study, mothers had been habituated to 

positive reinforcing of human presence, were not socially isolated and did not have the 

possibility to escape, whereas in the studies of Murphy (1999) and Murphy et al. 

(1994), mothers were facing a conflict between taking care of their neonate while in 

social isolation and escaping a human being closer than usual. Thus in the field, the 

presence of a human could have resulted in a higher frequency of nervous mothers 

showing disturbance of maternal behaviour or even desertion of their lamb, especially 

in cases where disruption after birth may cause ewes to leave the birth site early (i.e. 

tagging of their lamb by a human, adverse climatic conditions or reduced food 

availability) thus disrupting the development of the ewe-lamb bond. In other words, 

inadequate maternal care may not have been the result of poor maternal behaviour per 

se, but because of its inhibition by a situation perceived as more stressful (human 

presence + adverse environmental factors) in nervous females. Thus a nervous 

temperament could impair the display of maternal behaviour because of a higher 

distress response of mothers to any disturbing or stressing factor. In addition, the 

tendency of nervous mothers to circle away from their lambs more often than calm ewes 

reported here may also be increased in a stressful situation. 
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The behaviour of the lamb may be another factor that contributed to the poorer 

performances of the nervous line of sheep in Murphy’s studies (Murphy et al. 1994, 

Murphy 1999). Here, we found that nervous lambs were more active than calm lambs. 

This is in agreement with the fact that lambs of the nervous line show increased 

locomotor and vocal responses in an open-field test compared with lambs of the calm 

line soon after birth (Bickell et al. 2009). Again, in undisturbed conditions, within a 

contained small environment, this higher reactivity is probably not a disadvantage for 

nervous lambs, as they appear to suckle earlier than calm lambs. On the other hand, a 

high reactivity may be non-adaptive in the field where a lamb that becomes separated 

from its dam may have less success in finding and reuniting with its dam since the 

conditions enable ewes and lambs to become separated at greater distances and for 

longer periods of time, thus adding to the inadequate response of the dam. This may 

have been an additional factor exacerbating the poorer performance of nervous mothers 

in the studies of Murphy, despite the habituation procedure experienced by the ewes 

before lambing. 

 

Two other components of maternal behaviour – grooming duration during the second 

hour postpartum and frequency of bleats - differed between calm and nervous ewes in 

our study. Whether these differences are important for lamb survival in the field is not 

clear. Calm ewes groomed their lambs more than nervous ewes during the second hour 

post partum. However, it must be noted that overall licking time did not differ between 

the two lines, and the difference found during the second hour postpartum may well be 

the result of the difference of behaviour of the lambs in the two lines. Nervous lambs 

were more active from the start and reached the udder sooner than calm lambs, and 

therefore activity of calm lambs was likely to increase during the second hour and 
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stimulate the grooming behaviour of the mother at that time. This is supported by the 

fact that the suckling activity of calm lambs was only 63% that of nervous lambs in the 

first hour postpartum, whereas it represented 88% of it in the second hour. This may 

have resulted in reinforcing the behaviour of calm mothers. This agrees also with the 

findings of Dwyer and Lawrence (1999) that during the second hour post partum, 

Suffolk lambs received more grooming attention than Blackface lambs, presumably 

because Suffolk lambs were less likely to have sucked.  

 

Concerning vocal behaviour, nervous ewes bleated consistently more than calm ewes in 

the current study, mainly because of a higher number of high-pitched bleats. On the 

other hand, the frequency of low-pitched bleats did not differ between the two lines. 

Low-pitched bleats are used for communication between a ewe and her lamb at short 

distance (Shillito 1972) while high-pitched bleats can indicate signs of distress (Dwyer 

et al. 1998; Kiley 1972). Therefore, the lack of difference in low-pitched bleat 

frequencies emitted by calm and nervous mothers could indicate that the maternal 

behaviour did not differ between the two lines. Nonetheless, the higher frequency of 

high-pitched bleats in nervous mothers may suggest that nervous ewes were more 

stressed by the lambing process. This also agrees with the fact that a high rate of high-

pitched bleats contributes to a higher index in the selection scheme (Murphy et al. 

1994) and with the higher vocal activity of sheep of the nervous line in open-field tests 

(Bickell et al. 2009; Nowak et al. 2006). Alternatively, the selection for temperament 

may have lead to the nervous animals being more vocal in all situations. Therefore, the 

higher vocal activity of nervous mothers is probably a general reflexion of their nervous 

temperament rather than some specific difference of maternal behaviour with calm 

ewes. Furthermore, recent studies have shown that even high-pitched bleats are part of 

the normal repertoire of postparturient ewes and that vocal communication, both 
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through low- and high-pitched bleats, is beneficial to the mother-young bond (Sèbe et 

al. 2009; Sèbe et al. 2007) and that emission of high-pitched bleats tends to increase 

after parturition (Dwyer et al. 1998). Therefore, the difference inf vocal activity 

encountered here between the two temperament lines of mothers is unlikely to 

contribute to the poorer lamb survival found in nervous ewes. 

 

The comparison of hormonal profiles in the mothers of the two temperament lines does 

not suggest that the levels of estradiol, the main peripheral hormone involved in the 

facilitation of maternal behaviour in sheep (Lévy 1996.; Poindron et al. 1988), have 

been strongly affected by selection. Differences between the two lines remained small 

even when they were significant and the difference was not consistent over time, levels 

being higher in nervous ewes the day before lambing, but higher in calm ewes after 

lambing. At the time when estradiol levels could have influenced the display of 

maternal behaviour during the period of observation (i.e. before parturition or just after 

lambing), estradiol levels either did not differ between the two lines, or were higher in 

the nervous line of ewes. Therefore, the differences in maternal behaviour observed in 

the present study concerning licking or vocalisations cannot be explained by differences 

in estradiol levels, which correlate positively with maternal behaviour (Dwyer et al. 

2004; Pryce et al. 1988).  

 

The same applies for progesterone, which can prepare the action of estradiol (Kendrick 

et al. 1997), or even for the ratio estradiol/progesterone, which reflects the change of 

balance between these two hormones and may influence the onset of lactation (Martinet 

and Houdebine 1999) or maternal behaviour in some species (Fleming et al. 1997; 

Pryce 1996). However, it cannot be ruled out that other factors influencing colostrum 

and milk production differ between the two lines and may influence survival. In fact, 
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colostrum quality differs between the two temperament lines (Hart et al. 2006; 

Williman, unpublished results) and colostrum is important for the initial attachment of 

the newborn lamb to its mother (Nowak 2006).  

 

Interestingly, the only consistent difference between calm and nervous mothers that did 

emerge from our study of hormones profiles concerned cortisol. This hormone is a good 

indicator of stress in sheep (Hargreaves and Hutson 1990; Roussel et al. 2006).  While 

concentration of cortisol continued to decrease in calm mothers from two hours after 

birth, they did not do so up to 24 hours postpartum in nervous mothers. This may 

suggest that the first 24 hours after birth was a more disturbing experience for the 

nervous ewes than the calm ewes. The higher levels of cortisol found in the nervous 

mothers from 8 hrs onward may reflect a higher responsiveness to a perceived stress 

such as the behavioural challenge associated with maternal care. This is supported by 

the facts that the neurobiological response to stress is coordinated in part by the HPA 

axis (Tyrka et al. 2006) and that in several species the selection for temperament can 

affect the individuals HPA axis sensitivity (Curley et al. 2008; Kosten and Ambrosio 

2002; Landgraf et al. 1999). The shift from a neuroendocrine control of maternal 

behaviour dependent on maternal physiology at parturition to a neurosensory control 

dependent on sensory interactions with the young (Poindron et al. 2007) may be more 

challenging in mothers of the nervous line than in calm mothers. Investigating the 

existence of any differences in the control of the HPA axis between the two lines and 

their consequences would be necessary to confirm this possibility.  

 

In conclusion, the higher lamb mortality and poorer maternal behaviour reported in a 3 

year study by Murphy et al. (1994)  in the line of sheep with a nervous temperament 

compared with the line with a calm temperament is unlikely to result directly from  
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poorer maternal or lamb behaviour in the nervous line. Rather, the lower performances 

found in the nervous line are more likely the result of some negative interaction 

between the nervous temperament and behaviour of the mother and/or the young in 

outdoor lambing conditions. In addition, the higher mortality found in the nervous line 

may involve some physiological factors directly or indirectly related to the degree of 

nervousness of the animals that still remain to be identified based on the similarities of 

performance between lines under indoor housing conditions. 
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Abstract. 

 

Maternal and lamb behaviours play a major role in lamb survival and there is evidence 

that selection for calm temperament may help improve lamb survival by improving 

maternal behaviour. However, the apparent better maternal behaviour of calm ewes 

might be due partly to their lower reactivity to the presence of the human observer 

rather than to better maternal behaviour per se. The extent to which the selection for 

temperament influenced the behaviour of the ewe and lamb after parturition with 

minimal human disturbance was investigated in the present work. Post-partum ewe-

lamb interactions under outdoor lambing conditions were captured by continuous video 

recordings by a remote controlled recording device for up to two hours post-partum. 

Single bearing multiparous and primiparous ewes were observed to determine any 

interactions of temperament with maternal experience on ewe and lamb behaviours. 

Calm ewes licked their lamb more and tended to stay longer on the birth site. Nervous 

lambs stood up earlier and were quicker to start performing exploratory behaviour.  

However, duration of suckling during the observation period did not differ between the 

calm and nervous lambs and there were no interactions between temperament and 

maternal experience on the behaviour of the ewe or lamb. Our study indicates that 

temperament does influence the early post partum behaviour of ewes and lambs under 

extensive field conditions, however these differences alone are unlikely to explain why 

less nervous lambs survive from birth through to weaning than calm lambs.  
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Introduction 

 

Lamb mortality is a significant world-wide problem as mortality rates of 15-25% are 

common in most farming systems (Alexander 1984; Nowak and Poindron 2006). 

Survival of the lamb depends, in part, on the quality of the maternal care it receives 

from its dam. Good maternal behaviour in the ewe is characterised by reduced 

gregariousness during the peripartum period and remaining on the birth site for up to 6 

hours postpartum to ensure a strong bond has been established between ewe and lamb 

(Alexander 1983; Putu 1988). The formation of a strong bond is facilitated by the ewe 

grooming the lamb and learning its olfactory signature (Poindron and Le Neindre 1980). 

Ewes also need to assist the suckling attempts of the lamb by stimulating and 

orientating the lamb to the udder (Alexander and Williams 1964). The quality of 

maternal behaviour displayed by the ewe is affected by several factors one of which, 

parity, is crucial. Primiparous ewes can have a longer labour than multiparous ewes due 

to the smaller size of their birth canal (Lynch et al. 1992). Long labour can result in 

dystocia in the lamb and pain and exhaustion in the ewe which can lead to the ewe 

displaying a weak interest towards her new lamb. In addition, the presence of the 

neonate can induce a fear reaction in inexperienced mothers (Dwyer and Lawrence 

2000) which can result in the ewe failing to display maternal behaviour and deserting 

the lamb shortly after it is born (Poindron et al. 1984; Putu et al. 1986). Maternal 

behaviour is also influenced by the activity and vigour of the lamb. Merino ewes are 

known to abandon immobile, mute or dead lambs (Lynch & Alexander 1973) and 

multiple born lambs of varied vigour are more likely to be unevenly bonded to their 

mothers. As lambs are born with low energy reserves and no immunological protection 

(Alexander 1974), it is vital that they stand up, find a teat and ingest colostrum as soon 

as possible after birth. Lambs that take longer to start suckling have reduced chances of 
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survival due to a higher incidence of hypothermia especially in adverse weather but also 

because of the reduced success of establishing a preferential relationship with their 

mothers (Nowak and Poindron 2006).  

 

There are many maternal, neonatal and environmental factors that influence lamb 

survival (Nowak and Poindron 2006).  In particular, there is evidence that selection for 

temperament may help improve lamb survival. In Merino ewes selected for their 

reactivity to humans and social isolation (Murphy et al. 1994), the mortality rate of 

nervous lambs is double that of the calm lambs (Murphy 1999; Murphy et al. 1998) 

suggesting that it may be related to the quality of maternal care (Murphy 1999; Murphy 

et al. 1998). The better maternal behaviour of calm ewes could be due to either some 

direct effect of temperament selection on maternal behaviour, or to some indirect effect 

on the display of maternal behaviour in interaction with environmental factors. Thus, 

the poorer maternal performance of nervous ewes in the study of (Murphy 1999; 

Murphy et al. 1998) could reflect a more disturbing effect of the presence of observers, 

especially since the response to humans is one of the parameters of selection (Murphy et 

al. 1994). This factor could be further exacerbated in primiparous mothers, which are 

known to be more neophobic than multiparous mothers (Dwyer and Lawrence 2000); 

they also display higher rates of disturbance in maternal behaviour and lamb desertion 

at birth (Poindron et al 1984; Putu et al 1986).  Because it is not known if such 

difference in maternal behaviour still exists in the absence of a human observer, we 

compared the behaviour of calm and nervous ewes and their lambs at pasture while 

human disturbance was minimal. Both primiparous and multiparous mothers were 

included in the study, since some impairment of maternal behaviour is more likely in 

inexperienced females (Dwyer and Lawrence 2000). 
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Materials and methods 

 

Animals, management, climate and location  

This study used Merino ewes divergently selected for temperament from The University 

of Western Australia (UWA) temperament flock. Details regarding the establishment of 

the lines and the selection procedure were reported by Blache and Ferguson (Blache and 

Ferguson 2005). Since their establishment, the two lines have been maintained as a 

single flock, except during joining where they were separated into sire groups with 5-7 

rams in each line. 

The main study was conducted over two years in 2007 and 2008. However lambing 

observations were conducted in 2006 in which the observation techniques and methods 

of animal management for the main study were devised. Only the time ewes spent on 

the birth site was recorded during the 2006 study for 16 calm and 17 nervous ewes; 

however, the ewe’s movement from the birth site could not be recorded during 2007 

and 2008 due to the intensity of the lambing observations.  

Over two years, 329 ewes from the calm line and 282 ewes from the nervous lines were 

synchronised in oestrus and naturally mated then deemed pregnant by ultrasound 

scanning at 60 days of pregnancy. Ewes were aged between 2 and 7 years and were 

primiparous (2-3 years, n = 181) and multiparous (3-7 years, n = 430). Ewes were side 

branded with stock marker paint a few weeks before parturition to facilitate 

identification from a distance. Observations were made on single and multiple bearing 

ewes. While mortality data for twin lambs were included in the study of lamb mortality, 

behavioural observations made on twin lambs were not retained for analysis due to the 

small sample size.  

Ewes lambed during the month of July in 2006, 2007 and 2008. Pasture quality and 

quantity was not measured, however the animals were never short of food as 
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subjectively assessed by a trained pasture assessor using the visual assessment of 

pasture method (Campbell and Arnold 1973). The average rainfall, maximum and 

minimum temperatures for the months of June and July in 2006, 2007 and 2008 are 

shown in Table 1. 

 

Table 1: Mean rainfall and maximum and minimum temperatures for the months of 

June and July in 2006, 2007 and 2008.  

 June July 

Mean rainfall (mm)   

2006 80.9 82.8 

2007 41.6 98.2 

2008 47.6 118.8 

Mean maximum temperature (˚C)   

2006 17.9 16.9 

2007 19.1 19.1 

2008 19.1 16.9 

Mean minimum temperature (˚C)   

2006 6.5 5.4 

2007 6.1 6.8 

2008 4.6 4.3 

 

Lambing took place at The University of Western Australia’s research farm at 

Wundowie, located approximately 60 km north-east of Perth (latitude 31˚ 46’ south, 

longitude 116˚ 29’ east; elevation of 330 m above sea level).  

Ewes and lambs were observed from a tower located in the observation paddock (day 

paddock). A separate paddock was used for lambing at night so that observations were 

only performed on ewes that lambed during the day with a known time of parturition.  

Pregnant ewes were moved by humans from the day paddock to the night paddock at 

approximately 17:00, and from the night paddock to the day paddock at approximately 
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07:30, while ewes that had lambed during that day or night were left undisturbed with 

their lambs. Importantly, just before the flock of pregnant ewes was reintroduced into 

one of these two paddocks, the ewes that had previously lambed either in the day or in 

the night paddock were shifted away with their lambs into a third non-adjacent paddock. 

Lambs born during the day were ear tagged in the evening while lambs born during the 

night were ear tagged in the morning, after shifting the remaining mob of pregnant 

ewes. Different day and night paddocks were used during 2007 and 2008, however the 

areas of the day paddocks were approximately 8 hectares each. 

Lamb mortality from birth to weaning was determined when lambs were approximately 

16 weeks of age in accordance with Murphy (1999) who determined lamb mortality at 

weaning. Still born lambs, or lambs that died shortly after birth, are not included in the 

mortality calculation since this data was not collected due to the intensity of the 

observations and limited resources and the fact that no data was collected at night.  

The use of animals and the procedure were approved by the Animal Ethics Committee 

of The University of Western Australia (approval number 05100466).  

 

Lambing procedure 

Ewes lambed without assistance. However, if the ewe had begun labour but had not 

delivered the lamb after it had been visible for approximately two hours, she was 

ushered to a catching pen built next to the gate between the day and night paddocks, 

where she was assisted. Ewes that received assistance were not included in the 

behavioural observations, however their lambs were included in the calculation of lamb 

mortality. 
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Remote controlled recording devices and observational tower 

Three remote controlled recording devices (RCRDs) were used. The RCRDs were 66cm 

high, 49cm wide and had a length of 83cm. A camera was attached at the front and 

images were transmitted to a hard drive located in the observation tower. A 12 volt 

battery was the power supply and a slight buzzing sound was emitted when they moved. 

They could travel at a maximum speed of approximately 6km/hr, and were controlled 

by a remote controller which had a maximum range of approximately 300m away. A 

water-proof khaki coloured canvas cover was used to protect the RCRD from rain (Fig. 

1). The observation tower was 5 m high and consisted of an enclosed observation 

platform (1.85 x 1.85 x 2 m) situated 3 m above the ground (Fig. 1). The observation 

platform contained 55 x 160 cm windows on all four sides. The tower was positioned so 

that the entire paddock was visible and contained no blind spots. 

 

 

Fig. 1: Remote controlled recording device used to record the continuous post-partum 

behavioural interactions between ewes and lambs (left) and the observation tower used 

to observe the ewes and lambs from a distance (right). The ewes were habituated daily 

to the RCRD for two weeks before parturition by slowly moving the RCRD amongst 

the flock. 
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Behavioural observations 

The lambing flock was observed from a distance for a period of approximately four 

weeks by trained observers sitting during daylight hours (08:00-17:00) in the 

observation tower located in the day paddock. Continuous behavioural interactions 

between ewes and lambs were recorded for up to two hours postpartum using the 

remote controlled recording devices (RCRD) equipped with remote surveillance 

recorders (no sound). The ewes were habituated daily to the RCRD for two weeks 

before parturition by slowly moving the RCRD amongst the flock. Once a ewe was 

observed to be in advanced labour (lamb’s feet visible), a RCRD was moved into 

position, approximately 2-4 m away from the ewe and remained motionless unless 

adjustment was required to keep ewe-lamb dyad in view. In addition, whenever 

possible, behavioural interactions between ewe and lamb were recorded on preformatted 

sheets for 2 hours starting at parturition by live observations from observers sitting in 

the tower and watching the animals using binoculars. In addition, in 2008, the duration 

of labour was recorded from the first appearance of the waterbag until the birth of the 

lamb. Behavioural data that was not recorded during live observations were extracted 

from the RCRD recordings using Interact (Mangold International GmbH, Germany). In 

most cases, observations (live and extracted) were performed by the same observers and 

inter-observer reliability was kept constant by detailed observational guidelines. The 

recorded behaviours are described in Table 2. The identity, temperament and parity of 

the ewe giving birth during the day or night were noted after observations were 

performed. Due to occasional transmission difficulties of the remote cameras, not all 

data were available for each animal and some records do not extend for the whole two 

hours postpartum.  
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Spatial observations recorded during 2006 

The position of the ewe in the paddock was calculated every hour using Laser Range 

Finder binoculars (Newcon Optik) and a compass. Once a ewe had lambed, her position 

was recorded every 30 min. The time the ewe spent on the birth site was determined by 

recording when the ewe moved > 3 m away from the birth site using the distance 

between the tower to the birth site (BS), the distance between the tower to the position 

of the ewe (EWE) and the angle between these two positions (ANGLE) according to the 

equation DISTANCE = SQRT (BS2 + EWE2 – (2 x BS x EWE x cos 

(radians(ANGLE)))). 
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Table 2: Definitions of maternal and neonatal behaviours 

Behaviour Description 

Maternal behaviour  

 Duration of licking (s) Licking of the lamb. 

 Duration of grazing (s) Head down and eating the pasture 

 Duration of looking up (s) Head up and looking around 

 Latency to accept lamb at the udder (s) Time taken from birth to accept the lamb suckling at the udder 

(see definition of suckling below) 

 Terminating sucking bout Ewe moves away from the lamb while lamb is at the udder 

 Circling Ewe steps sideways, moving hindquarters away from the lamb 

when it goes toward the inguinal region, resulting in the lamb 

being maintained at the head of the mother. 

 Backing Ewe steps backwards as lamb moves forwards. 

Lamb behaviour  

 Latency to attempt to stand (s) Time from birth for lamb to stand on all 4 feet for less than 5 s. 

 Latency to stand (s) Time from birth for lamb to stand on all 4 feet for more than 5 s. 

 Latency to perform exploratory 

behaviour (s) 

Time from birth for time taken for lamb to start nosing and 

searching along the body of the ewe 

 Duration of exploratory behaviour (s) Lamb noses and searches along the body of the ewe 

 Duration of sucking at the udder (s) Lamb has head engaged in the inguinal region and appears to 

be sucking for at least 5 s. 

 Duration of lying (s) Lamb is lying down on the ground 

 Duration of inactive standing (s) Lamb is standing but not active or walking 
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Statistical analyses 

Ewe and lamb behaviours were compared between calm and nervous animals using a 

two factorial (temperament, experience) unbalanced design analysis of variance 

(ANOVA) in which year was used as a blocking term with Genstat Eighth Edition 

(VSN International Ltd, Hemel Hempstead, United Kingdom). An unbalanced design 

ANOVA was used to account for the missing data where some records did not extend 

for the whole two hours postpartum. A square root transformation was used when data 

was not normally distributed. To investigate any possible differences in the behavioural 

development over time between the two lines or depending on maternal experience, the 

time ewes spent licking, grazing and looking up were analyses in 10 minute intervals 

with a two factorial ANOVA for repeated measures. Because the latency to accept the 

lamb at the udder and the number of circling, backing and termination of sucking bouts 

by the ewe depends also on the behaviour of the lamb, a ratio of the ewe 

behaviour/exploratory behaviour of the lamb was calculated to detect differences in ewe 

rejection behaviours relative to the lamb’s behaviour. In addition a ratio was also 

calculated for the latency for the lamb to perform exploratory behaviour relative to the 

latency for the lamb to stand. These ratios were then analysed with a two factorial 

ANOVA. The proportions of calm and nervous ewes giving birth during the day or 

night were compared with a Chi Square test. The differences in movements from the 

birth site between temperament lines and experience were analysed with a two factorial 

ANOVA. The effect of temperament, experience and year on the mortality rate of lambs 

from birth to weaning (16 weeks) was determined using a Chi Square test. A p-value of 

< 0.05 was considered significant while a p-value between 0.05 - 0.1 was considered a 

tendency. 
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Results 

 

Parturition 

The proportion of ewes giving birth during the day or night during 2008 did not differ 

between temperament lines (χ2 = 0.00; p = 0.999) or experience (χ2 = 0.48; p = 0.49). 

Forty-one percent of both calm and nervous ewes gave birth during the day. Forty-seven 

percent of primiparous and 40 % of multiparous ewes gave birth during the day. The 

length of labour did not differ between temperament lines (p = 0.708, Table 4) nor 

between primiparous or multiparous ewes (p = 0.865, Table 4) and no interaction was 

found between these two factors. 

 

Time spent on birth site 

From the data recorded in 2006 on 16 calm and 17 nervous ewes we found that the time 

in which ewes moved >3m away from the birth site tended to differ between 

temperament lines (p = 0.087). Calm ewes tended to spend longer on the birth site than 

nervous ewes (Table 4).  

 

Mortality rate 

The mortality rate of calm and nervous lambs did not differ over the two years (p = 

0.399, Table 3). There was no significant effect of previous lambing experience of the 

ewe on the mortality rate of the lambs (p = 0.223) even though overall, mortality rate 

was higher in lambs born from primiparous ewes than in lambs born from multiparous 

ewes (Table 3).  
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Table 3: Mortality data in Merino lambs in two lines of sheep selected for their calm or 

nervous temperament and depending on maternal experience of their mother. 

  Calm Nervous   Primiparous Multiparous 

Number of lambs 

born 

2007 197 96  90 203 

2008 136 184  31 201 

Total 333 280  122 404 

       

Number of lambs 

that died from birth 

to weaning 

2007 36 17  20 33 

2008 15 33  6 a 34 a 

Total 51 50  26 67 

       

Lamb mortality (%) 

2007 18% 18%  22% 16% 

2008 11%   18%   19% 17% 

Total 15% 18%  21% 17% 

a indicates that the parity of 8 mothers were unknown and their 8 lambs were thus 

excluded 

 

Comparison of ewe behaviour between temperament lines 

Calm mothers licked their lambs more than nervous mothers (p < 0.001, Fig. 2) while 

the time spent licking decreased over time for all ewes (p < 0.001). There was a 

tendency (p = 0.076) for calm ewes to take longer than nervous ewes to accept their 

lamb at the udder, however when the time taken for the lamb to start exploring the ewes 

body is taken into account ewes do not differ for that behaviour (p = 0.467, Table 4). 

Calm and nervous ewes did not differ in the time they spent grazing or looking around 

(p = 0.907, p = 0.221; Fig. 2), in the number of times a ewe stopped her lamb from 

suckling relative to the time the lamb spent exploring the ewes body (p = 0.549), the 

number of times a ewe backed away or circled away from her lamb relative to the time 

the lamb spent exploring the ewe’s body (p = 0.911, P = 0.834; Table 4). Over all there 
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was no interaction between temperament and maternal experience on any of the 

behaviours studied in the ewe (p > 0.066 in all cases). 

 

 

Fig. 2: Average time spent by calm (white bars) and nervous (grey bars) ewes licking 

their lamb, grazing or looking around during 2 hour observations performed 

immediately after parturition. 

 

Comparison of lamb behaviour between temperament lines 

Calm lambs tended (p = 0.07) to take longer in attempting to stand (Fig. 3) than nervous 

lambs; they took longer to stand up (p < 0.001) and to start performing exploratory 

behaviour (p = 0.048). However, they did not differ in the latency to start exploring the 

ewe’s body relative to the latency to stand (p = 0.226, Table 4). Over the 2 hours of 

observation, nervous lambs spent more time exploring the body of the ewe than calm 

lambs (p = 0.07) but no difference between temperament lines was found in the time 

spent sucking (Fig. 3). The two lines of lambs did not differ in the time spent lying (p = 

0.115) or being inactive while standing (p = 0.24, Table 4). Overall, there was no 

interaction between temperament and maternal experience on the behaviour of the 

lambs (p > 0.2 in all cases). 
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Fig. 3: Average time taken by calm (white bars) and nervous (grey bars) lambs to stand 

and search for the udder and time spent performing exploratory and suckling behaviour 

during 2 hour observations performed immediately after birth. 

 

Comparison of ewe and lamb behaviour between primiparous and multiparous ewes 

Multiparous ewes spent more time grazing than primiparous ewes (Multiparous: 29.2 ± 

5.4 min, Primiparous: 19.3 ± 6.5; p = 0.039), and all ewes spent more time grazing as 

time increased (p < 0.001). Primiparous ewes took longer than multiparous ewes to 

accept their lambs at the udder (p = 0.026); however, this difference did not persist 

when the time taken for the lamb to start exploring the ewe’s body was taken into 

account (p = 0.305, Table 4). Primiparous ewes also had a higher ratio of backing or 

circling away from their lamb relative to the time the lamb performed exploratory 

behaviour (p = 0.021, p = 0.001; Table 4). Primiparous and multiparous ewes did not 

differ in the time spent licking their lamb (p = 0.357), looking around (p = 0.604), 

moving >3m away from the birth site (p = 0.624), nor in the number of times a ewe 

stopped her lamb from suckling relative to the time the lamb performed exploratory 

behaviour (p = 0.933, Table 4).   
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The previous lambing experience of the ewe did not significantly affect any of the 

behaviours studied in the lamb (p > 0.14 in all cases; Table 4).  

 

Table 4: Merino ewe and lamb behaviours (mean ± s.e.m, (n)) from birth to 2 hours 

postpartum, in two lines of sheep selected for their calm or nervous, in outdoor lambing 

conditions and depending on parity of the mother.  

  Calm Nervous Primiparous Multiparous 

Ewe Behaviour     

 Length of labour (min) 
65.4 ± 9.6 

(37) 

70 ± 11.5 

(39) 

70.1 ± 13.8 

(27) 

66.5 ± 8.9 

(49) 

 Time spent on birth site 
114.9 ± 15.5   

(16) 

80.8 ± 10.9 

(17) 

103.1 ± 1.7 

(13) 

93.5 ±11.9  

(20) 

 Lat. to accept lamb at udder (min) 
47.4 ± 4.0 

(56) 

36.2 ± 3.7 

(44) 

50.4 ± 4.2 

(29) 

39.2 ± 3.4 

(71) 

 Lat. to accept lamb at udder / Lat. 
to perform exploratory behaviour 

2.2 ± 0.2  

(54) 

3.2 ± 0.4  

(41) 

3.5 ± 0.5  

(28) 

2.3 ± 0.3  

(50)  

 Stops lamb suckling / time 
exploring ewe’s body (min) 

1.4 ± 0.2  

(26) 

2.0 ± 0.4  

(21) 

1.6 ± 0.3  

(16) 

1.7 ± 0.3  

(31)  

 Backs away from lamb / time 
exploring ewe’s body (min) 

0.7 ± 0.2  

(26) 

1.1 ± 0.5  

(21) 

1.5 ± 0.5c 

(16) 

0.6 ± 0.3d 

(31)  

 Circles away from lamb / time 
exploring ewe’s body (min) 

4.2 ± 1.1  

(26) 

2.8 ± 1.3  

(21) 

6.4 ± 1.9c 

(16) 

2.1 ± 0.7d 

(31)  

Lamb behaviour     

 Lat. to attempt to stand (min) 
12.8 ± 1.6 

(64) 

9.2 ± 1.2  

(49) 

12.3 ± 2.2 

(37) 

10.7 ± 1.1 

(76) 

 Lat. to perform exploratory 
behaviour  / Lat. to stand (min) 

1.3 ± 0.08 

(52) 

1.4 ± 0.1  

(47) 

1.5 ± 0.2  

(30) 

1.3 ± 0.1  

(57)  

 Time lying (min) 
4.1 ± 0.3  

(26) 

3.6 ± 0.4  

(21) 

4.3 ± 0.4  

(16) 

3.7 ± 0.3  

(31) 

 Time standing inactive (min) 
2.5 ± 0.3  

(26) 

2 ± 0.3  

(21) 

1.8 ± 0.3  

(16) 

2.5 ± 0.3  

(31) 

 

c and d comparisons to test the effect experience; row-means with different superscripts 

are significantly different (P < 0.05). 
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Discussion 

 

Our results indicate that even in the absence of a human observer, the selection on 

temperament had some influence on the early postpartum behaviour of ewes and lambs. 

Calm ewes licked their lambs more, and tended to spend longer on the birth site than 

nervous ewes, which is in agreement with the results reported by Murphy et al (Murphy 

et al. 1998). In addition, calm lambs were less active than nervous lambs as they were 

slower to stand and start searching for the udder and spent less time performing 

exploratory behaviour. However, the exact meaning of these differences is not obvious 

because in the ewes the differences are small and in the lambs, both behavioural styles, 

less or more active, have some advantage for lamb survival. In addition these 

differences do not seem to correlate with lamb mortality because it did not differ overall 

between the two temperament lines.  

The less active behaviour of the calm lambs could be detrimental since survival is 

reported to be enhanced in lambs that stand and suck quickly after birth (Alexander 

1958; Cloete 1993; Dwyer et al. 2001), possibly in part because of the positive 

influence of early suckling on attachment to the mother (Nowak and Poindron 2006). 

However, it can also be argued that the more active behaviour of the nervous lambs 

could be just as detrimental to their survival as it may lead to disturbances in maternal 

behaviour in primiparous mothers  and impair the formation of the ewe-lamb bond 

(Nowak and Poindron 2006). However, the less active behaviour of the calm lambs may 

not just be a characteristic of the newborn, but instead could be a consequence of the 

quality of maternal care such as the more important licking activity of the calm ewes. 

Maternal licking has a calming / relaxing effect on the lambs, reduces the vocal and 

locomotor activity of lambs (Vince et al. 1985) and it also slows the kid’s progress to 

the udder in goats (Klopfer and Klopfer 1977). However, it must be noted that in the 
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present study the longer latency of calm lambs to reach the udder did not seem to affect 

the time they spent suckling over the 2 hour observation period. Our present results are 

also congruent with differences in lamb behaviour found in other studies in young 

nervous and calm lambs.  Thus, nervous lambs were found to be more active in a two-

choice recognition test at 18 hours of age (Bickell et al. 2009a) as well as in an open 

field test at 1 week of age (Bickell et al. 2009b) compared with calm lambs. Therefore, 

taken together, these results indicate that the difference in general activity observed 

between calm and nervous lambs, at birth, depends on the characteristics of their 

respective temperament. 

 

Nonetheless, even though temperament does influence the early postpartum behaviour 

of calm and nervous lambs, it did not appear to be to the detriment of either 

temperament line, as there was no overall difference in lamb mortality between the two 

lines, contrary to the results reported by Murphy (Murphy 1999; Murphy et al. 1998), 

where mortality of nervous lambs was about twice that of calm lambs. This suggests 

that the higher rate of lamb survival observed in the calm lambs by Murphy (1999) was 

not due to an effect of temperament on maternal behaviour per se, but rather to some 

interaction of temperament with the presence of the human observer. The temperament 

lines we studied here are selected on reactivity to humans and social isolation. At 

parturition, ewes show a reduction of gregariousness and a low response to social 

isolation (Poindron et al. 1997), and this is likely to be beneficial for maternal care as 

ewes become separated from the rest of the flock at that time (Stevens et al. 1981). 

Given the scheme of selection for temperament, it is possible that nervous mothers are 

more sensitive to the separation from the flock at parturition and more reactive to any 

stressful event occurring at that time.  The fact that a human approached the ewe-lamb 

pair immediately after birth and remained present during the first hours of ewe-lamb 
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interactions could certainly represent such a stressful event for the nervous ewes, 

especially since they are also selected for reactivity to human presence. The fear and 

stress imposed by the presence of the human combined with social separation possibly 

disturb the maternal behaviour, the ewe-lamb bond and consequently lamb survival in 

the nervous line of sheep. This would agree with other studies in which ewes that 

showed a stronger fear response to a stockperson ear tagging their lambs had higher pre-

weaning rates of mortality, mostly due to the lambs being abandoned (O'Connor et al. 

1985). A similar trend was found by Murphy (1999) where higher rates of lamb deaths 

occurred in the nervous line due to desertion, possibly induced by the approach of the 

human during ear tagging. Our study had very low rates of desertions. Only three 

nervous ewes were reported to desert their lambs immediately after birth. Minimal 

human intervention, especially during the first few critical bonding hours after birth, to 

the ewe lamb pair probably accounts, in part, for such a low rate. However, 

observations were not performed at night and thus lambs that were born during the night 

and were deserted or died were not accountable since parity and temperament of their 

mother was unknown.  

 

Another unexpected result that emerged from our study is the lack of an effect of 

maternal experience on lamb survival, especially compared to rates of lamb desertion or 

lack of maternal behaviour reported in the literature (20% in Merino, Putu et al, 1986; 

up to 40% in some other breeds, Poindron et al 1984). The few differences in maternal 

behaviour between maiden and experienced ewes that we found are also consistent with 

the results of Dwyer and Lawrence (2000), who found an increase in negative maternal 

behaviours (butting and withdrawing from their lambs) in primiparous ewes, while 

affiliative maternal behaviours (grooming behaviour) did not differ between 

primiparous and multiparous ewes. The differences in the rejections behaviours and the 
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similarities in grooming behaviour between primiparous and multiparous ewes may 

reflect differences in the control of positive and negative components of maternal 

behaviour (Dwyer and Lawrence 2000). The presence of rejection behaviours in 

primiparous ewes may be due to the compound effects of greater fear of novelty of the 

situation, and an immaturity of the neuroendocrine process associated with the first 

maternity (Dwyer and Lawrence 2000). However, as these effects of maternal 

experience on maternal behaviour were limited in the present study, it seems logical that 

they did not regress through lactation and there was no effect of maternal experience on 

lamb mortality at weaning. There is no straightforward explanation why differences 

were so limited in the present study. It is generally admitted that good nutrition and 

pasture availability are positive factors for the display of adequate maternal behaviour 

and colostrum availability at birth (Putu et al; 1988; Dwyer et al., 2003; Banchero et al., 

2006). The good quality pasture provided during the lambing period in our study may 

have ensured optimum display of maternal care, while this may not have been always 

the case in some studies in the literature. Higher rates of lamb mortality are usually 

found in primiparous ewes compared with multiparous ewes (Alexander et al. 1993; 

Morris et al. 2000; Owens et al. 1985), generally because primiparous ewes are more 

likely to desert their lambs than multiparous ewes (Putu et al. 1986). Irrespective of 

maternal experience, our study had very low rates of desertion as previously discussed. 

In addition, primiparous ewes usually have a longer labour and more difficult 

parturition than multiparous ewes due to the smaller size of their birth canal (Lynch et 

al. 1992). This could result in more stillborn lambs or lambs dying shortly after birth 

due to birth difficulties in primiparous ewes. Stillborn lambs or lambs dying shortly 

after birth were not included in our mortality calculation, and therefore could be a factor 

contributing to why the effects of maternal experience on maternal behaviour did not 

influence lamb mortality rates.   
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Conclusion 

 

Our results indicate that selection on a calm or nervous temperament leads to some 

differences in maternal and lamb behaviour, but that these differences are unlikely to 

lead by themselves to dramatic differences in lamb survival. However, the combination 

of a nervous temperament with the interference by a human at the time of mutual 

bonding between the ewe and her lamb is likely to have a significant negative impact on 

lamb survival. Therefore selecting ewes for a calm temperament will certainly represent 

a potential advantage, especially in farming systems that tend to require increasing 

control of the various steps of reproduction, including at lambing. This should lead to a 

reduction of the risks of lamb mortality in stressful situations. Furthermore, it should 

also be kept in mind that selection for calm temperament is also likely to improve sheep 

welfare in situations in which interactions with humans are involved, as suggested by 

some studies on exposure to novelty (Bickell 2005) and milking (Murray et al. 2006). 

Therefore, efforts to increase the efficiency of selection for a calm temperament by 

identification of markers easy to introduce in any selection scheme should be pursued. 
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Abstract 

 

Merino ewes have been selected, over 18 years, for calm (C) or nervous (N) 

temperament using an arena test and an isolation box test. We investigated the relative 

contributions of genotype versus the post-partum behaviour of their mother on the 

temperament of the lambs using a cross fostering procedure. 

Forty eight multiparous calm and 52 nervous ewes were artificially inseminated with 

semen of a sire of the same temperament. At birth, 32 lambs of a given temperament 

line were cross fostered to ewes from the other line (16 NxC, 16 CxN), 34 lambs were 

cross fostered to ewes from the same line (15 CxC, 19 NxN) and 30 lambs were left 

with their birth mother (15 C, 15 N), to control for the effect of cross fostering. The 

temperament of the progeny was assessed at 2 occasions, 1 week after birth by 

measuring locomotor activity during an open field test and at weaning (16 weeks) by 

measuring locomotor activity during an arena test and agitation score measured during 

an isolation box test.  

There was a genotype effect but no maternal or fostering effect on the lamb 

temperament at one-week. This may be because the maternal behaviour of the foster 

ewes did not differ considerably between the calm and nervous mothers during adoption 

or within the first week post partum. Similarly at weaning, only a genotype effect was 

found on the locomotor and agitation score. Therefore, it appears that temperament in 

Merino sheep is mainly determined by the genetic transmission of the trait across 

generations rather than behaviours learned from the mother. 

 

Keywords: animal welfare, genetics, maternal behaviour, selection, sheep, 

temperament 
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Introduction 

 

The process of animal domestication involves removing animals from their natural 

environment and placing them in a captive environment. How well animals adapt to 

their captive environment refers to the welfare of that individual (Broom, 1986). 

Animals that can successfully adapt to their environment are regarded as having a good 

level of welfare (Webster, 2005). Breeding animals that are capable of adapting to their 

environment is one way to improve the welfare of animals.  

 

Sheep (Ovis aries), are a domesticated species that have not fully adapted to their 

captive environment. Sheep possess several unfavourable behavioural characteristics, 

such as extreme wariness and high reactivity to man and novel environments, which 

impedes their success of domestication (Hale, 1969, Price, 1984). Sheep are regularly 

exposed to man, novel environments and novel procedures in everyday life, which are 

physically and physiologically stressful for the individuals. Common stressors for sheep 

include shearing, handling, isolation, transport and yarding which often involves dogs, 

people and vehicles (Hargreaves and Hutson, 1990a, 1990b, 1990c, Corner et al., 2006, 

Roussel et al., 2006).  

 

Selecting sheep that are better able to cope with the constraints of their captive 

environment can be achieved through selection for temperament. In Western Australia, 

there are Merino sheep that have been selected over 18 years for a low or high reactivity 

to humans and isolation at the University of Western Australia (UWA) (Blache and 

Ferguson, 2005b). Studies have shown that the two lines of sheep, respectively named 

calm and nervous, behave differently under various situations. Individuals with a calm 

temperament show reduced reactivity to man (Beausoleil et al., 2008), novelty (Bickell 
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et al. 2008) and isolation (Blache and Ferguson, 2005a) compared with individuals with 

a nervous temperament. Such a reduction in reactivity to these everyday occurrences on 

farms means these animals may be better suited to their domestic environment.  

 

The transmission of a behavioural trait like temperament from one generation to the 

next, can occur through genetic and/or non-genetic behavioural transmission. While 

genetic selection of temperament or emotivity is possible, the emotional behaviour of 

mammalian and avian offspring is reported to be strongly influenced by the maternal 

behaviour of the mother (Anisman et al., 1998, Caldji et al., 1998, Caldji et al., 2000, 

Richard-Yris et al., 2004), thus suggesting a strong non-genetic behavioural 

transmission of the trait.  Cross fostering studies with quail (Richard-Yris et al., 2004) 

and mice (Caldji et al., 2000) have demonstrated that the emotional reactivity of the 

young resembles more their adoptive mothers than their birth mothers.  However, strong 

genetic effects have been found to affect the temperament of cross fostered rats 

(Broadhurst, 1961) and the behaviour of lambs (Boissy et al., 2005), which suggests a 

strong genetic transmission of the trait.  

In the two lines of calm and nervous ewes selected at UWA, it has never been 

investigated whether the low reactivity to humans and isolation of the calm sheep 

results from the genetic transmission of the trait or from the direct influence of maternal 

care. A better understanding of the mechanisms involved in this type of selection will 

help increase the efficiency of selecting calm temperament sheep, and thus improve 

their welfare. Therefore the aim of this experiment was to investigate the relative 

contribution of genetic and non-genetic influence in the inheritance of temperament.  
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Materials and Methods 

 

Experimental design 

A cross fostering procedure was used in which lambs were removed from their mother 

immediately after birth and given to a foster ewe of either the same genetic line, or of 

the other one. In addition, two groups of calm and nervous lambs raised by their 

biological mothers were also studied to take into account possible effects of the 

fostering procedure itself. The behaviour of the ewe and lamb was monitored the 

following four hours to ensure that lambs had been fully adopted by the foster ewe. In 

addition, the ewe’s behaviour was measured during a separation test conducted 48 hours 

after adoption to measure the ewe’s distress reaction after being separated from her 

lamb. The temperament of the progeny was assessed at 2 occasions, firstly in the first 

week of life using an open field test and again at 1 week after weaning (16 weeks) using 

the standardised procedure developed by Murphy et al. (1994). 

 

Animals 

One hundred pregnant Merino ewes from the UWA temperament flock (48 calm, 52 

nervous) were used (Murphy, 1999, Murphy et al. 1994). All ewes had been 

synchronised and were artificially inseminated on a single day by semen from a sire of 

the same temperament (calm or nervous). Each ewe had previously lambed in earlier 

years (multiparous) and was determined by ultrasound scanning to be carrying a single 

lamb. Three weeks before parturition ewes were transferred indoors to individual deep 

litter pens measuring 1.2 x 3.2 m. Ewes were fed hay and concentrates with water 

available ad libitum. On day 148 of gestation, parturition was induced using 

dexamethasone (16 mg / ewe injected IM) so that all births could be concentrated on a 

short period of time to facilitate fostering. Ewes were kept in indoor individual pens for 
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one week after parturition, after which ewes and lambs were released into a paddock 

and kept together until weaning which occurred at 16 weeks post partum. The use of 

animals and the procedure were approved by the University of Western Australia 

Animal Ethics Committee (approval number 05100466).  

 

Cross fostering procedure and behavioural observations 

Each ewe was assisted at delivery, so that the lamb could be removed before the birth 

mother had any contact with it. The lamb of that ewe (ewe A) was put in a holding pen, 

ear tagged and weighed. As soon as another ewe of the desired line (ewe B) gave birth, 

her lamb was removed as well and she was immediately offered the neonate kept in the 

holding pen. Her own lamb was either put to foster with the previous ewe A, or kept 

until a ewe of the suitable line gave birth. If the delay between birth and fostering 

exceeded one hour, the lamb was returned to its birth mother’s pen to stop the waning 

of the ewe’s maternal behaviour but a 50 cm gap separated the ewe and lamb so that she 

did not form a selective bond with that lamb as demonstrated by Alexander et al. 

(1986). Lambs were allocated to one of the following groups: (i) 32 lambs of a given 

temperament line were cross fostered to ewes from the other line (16 N x C and 16 C x 

N), (ii) another 34 lambs were cross fostered to ewes from the same line (15 C x C and 

19 N x N), while the remaining 30 lambs stayed with their birth dam as a control for the 

effect of fostering (15 C and 15 N). Immediately after the lamb was given to the foster 

ewe, a 5-minute behavioural observation was conducted to record the maternal 

acceptance or rejection behaviour of the foster ewe. Maternal acceptance behaviour 

included: number of low-pitched bleats and time spent licking the lamb. Rejection 

behaviour included:  number of high-pitched bleats, butting or attempts to butt the lamb 

and circling away from the lamb. A lamb was considered to be adopted if the ewe 

showed maternal acceptance behaviour such as licking the lamb and low pitched bleats 
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(Poindron et al., 1988). After this first session of observation, if the ewe showed signs 

of rejection behaviour such as circling away from the lamb or head butting, vaginal 

stimulation was performed to induce maternal behaviour (Keverne et al., 1983). The 

ewe’s maternal acceptance and rejection behaviour was observed again after vaginal 

stimulation for another 5 minutes. Once the lamb was fully adopted, four other sessions 

of 5-minute observations were conducted each hour to follow the ewe-lamb interactions 

during the critical bonding period (Poindron et al., 1993). All the ewes received a foster 

lamb within 4 hours after giving birth.  

 

Ewe-lamb separation-reunion test 48 h adoption  

A ewe-lamb separation and reunion test was conducted 48 hours after adoption. All 

observations were made in the ewe’s home pen. This test aimed at measuring the ewe’s 

distress reaction after being separated from her lamb, while still being able to hear it. 

Each lamb was removed from its mother for 5 minutes and the behaviour of the ewe 

was directly recorded by an observer. The variables included: the number of low- and 

high-pitched bleats, the number of times the ewe circled the pen and the number of 

times she crossed the middle line of her pen. Then, the lamb was returned to its mother 

and the ewe’s behaviour was observed again for another 5 minutes. The same variables 

were recorded again.  

 

Behaviour of the lamb in an open field test at 1 week of age 

All lambs from all treatment groups (46 born to calm ewes and 50 born to nervous 

ewes) were individually tested in an open field square arena for 5 minutes. Exposure to 

an open field arena is reported to elicit a repeatable emotional stress response in lambs  

under the challenge of social isolation (Moberg et al., 1980, Kilgour et al., 2006). The 

arena was 2.5 x 2.5 m and the sides were 1 m high and covered with Hessian (coarse 
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jute cloth). The floor was divided into four squares of equal size. Immediately after 

being isolated from their mother, each lamb was put in the starting square in a standing 

position facing the centre of the arena. All the tests were videotaped to record the vocal 

and locomotor activities of the animals. The following variables were measured: 

number of bleats, number of squares crossed, number of jumps against the walls of the 

open field, latency to vocalize and jump. 

 

Lamb temperament assessment at 16 weeks of age 

All lambs from all treatment groups had their temperament assessed again at a week 

after weaning at 16 weeks of age in the standardised arena test and isolation box test 

developed by Murphy et al. (1994) and used for selecting the two temperament lines. 

 

Arena test 

This test evaluated the result of two conflicting motivations: social attractiveness 

towards flock-mates and avoidance of a motionless human. The testing arena 

(Beausoleil et al., 2008) consisted of a fully enclosed paved area that was 7m long, 3.3 

m wide and 1.8 m high. The arena was divided into four equal areas. At one end of the 

arena was the holding pen containing four familiar flock-mates enclosed behind a 

panelled gate. In front of the holding pen a motionless human stood quietly for the 

entire duration of the test. Each animal was gently pushed into the arena through the 

entry gate and remained in the arena for 3 minutes. The number of areas crossed and 

number of bleats emitted were recorded.  

 

Isolation box test 

The isolation box test was performed immediately after the arena test. It consisted in 

measuring the agitation of each animal while it was isolated in an enclosed plywood 
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box measuring 1.5 m x 1.5 m x 1.5 m high for 1 minute. Agitation was measured by an 

electronic meter that produced a numeric output that increased with the animal’s 

movements and vocalizations (Blache and Ferguson, 2005b).  

 

Statistical analyses  

 

Maternal behaviour at fostering 

Maternal behaviour was compared between calm and nervous foster and non-foster 

ewes after lamb introduction, after adoption and at 48 hours after adoption, using a three 

factorial (fostered, lamb genotype, maternal genotype) analysis of variance (ANOVA) 

including interactions with Genstat Eighth Edition (VSN International Ltd, Hemel 

Hempstead, United Kingdom). A square root transformation was used when data was 

not normally distributed. The proportions of calm and nervous foster ewes given 

vaginal stimulation after signs of lamb rejection were compared with a Chi Square test. 

Differences in the time from birth until the introduction of a foster lamb between calm 

and nervous foster ewes were analysed using a Kruskal-Wallis one way ANOVA.  

 

Effect of the fostering procedure 

The data from the cross fostered controls (calm lamb fostered to calm mother or 

nervous lamb fostered to nervous mother) and non fostered lambs were used to test the 

effect of the fostering procedure on the behaviour in the open field test, arena and the 

isolated box test using a general ANOVA including interactions. A square root 

transformation was used when data was not normally distributed. When data could not 

be normalized Mann Whitney tests were performed.  
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Effect of lamb and maternal genotype 

The effects of lamb and maternal genotype on the behaviour in the open field test, arena 

and the isolated box test were analysed using a general ANOVA including interactions. 

As there was no effect of the fostering procedure only the data from the cross fostered 

animals were used in the analysis. A square root transformation was used when data 

was not normally distributed. When data could not be normalized, Mann Whitney tests 

were performed.  

 

Results 

 

Maternal behaviour during and after adoption 

Eighty nine percent of the ewes readily accepted their foster lamb within the first 5 

minutes of the adoption procedure. The 11% of ewes that showed signs of rejection 

successfully adopted their foster lambs after receiving 5 minutes of vaginal stimulation. 

The ratio of calm (12.9%) and nervous (9.6%) foster ewes that received vaginal 

stimulation did not differ (χ2 = 0.16; P > 0.05). The time it took for foster ewes to 

receive a foster lamb after birth did not differ (H = 0.002; P = 0.95) between calm (47.8 

± 10.7 min) and nervous ewes (41.2 ± 9.9 min). 

 

The vocal behaviour of ewes differed according to the genotype of the foster lamb  

immediately after the lambs were first introduced to their foster mothers. Ewes with 

lambs of calm genotypes emitted more high-pitched bleats and less low-pitched bleats 

than ewes with lambs of nervous genotypes (Table 1). However, licking and maternal 

rejection behaviours like butting and circling away from the lamb did not differ between 

calm and nervous foster ewes or between ewes with calm or nervous foster lambs 

(Table 1). Once the lambs were fully adopted, the expression of maternal behaviour of 
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calm and nervous ewes did not differ, regardless of the genotype of their foster lamb. 

The level of maternal acceptance behaviour and maternal rejection behaviour did not 

differ between groups (Table 1). 

 

Table 1: Behaviour (mean ± s.e.m) of ewes towards their calm (C) or nervous (N) 

foster lamb during the adoption process and after the adoption process.  

Lamb genotype Calm Nervous Calm Nervous 

Maternal genotype Nervous Calm Calm Nervous 

     

Group (Calm, Nervous) C-N N-C C-C N-N 

     

ADOPTION     

     

Low pitched bleats a 27.1 ± 4.6 b 39.9  ± 5.7 a 24.6  ± 5.3 b 39.9  ± 7.9 

High pitched bleats a 8.9  ± 3.9 b 3.9  ± 2.2 a 7.1  ± 3.9 b 2.0  ± 1.8 

Time licking (min) 4.0  ± 0.3 3.8  ± 0.4 2.8  ± 0.5 4.0  ± 0.3 

Rejection circling & butting 1.0  ± 0.6 0.6  ± 0.3 1.9  ± 1.0 1.0 ± 0.6 

     

POST ADOPTION     

     

Low pitched bleats 11.4 ± 1.5 16.9 ± 2.3 14.9 ± 1.6 16.8 ± 3.0 

High pitched bleats 3.1 ± 1.0 1.0 ± 0.4 1.0 ± 0.5 1.5 ± 0.8 

Time licking (min) 1.4 ± 0.2 1.5 ± 0.2 1.5 ± 0.2 1.2 ± 0.1 

Rejection circling & butting 0.3 ± 0.1 0.1 ± 0.0 0.3 ± 0.1 0.2 ± 0.1 

     

Row-means with different superscripts are significantly different (P < 0.05). 
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Forty eight hours after adoption, the circling behaviour of ewes differed according to 

their own genotype and their lamb’s genotype (Table 2), when ewes were separated 

from their lambs for 5 minutes. Nervous ewes displayed more circling behaviour in the 

pen compared to calm ewes and ewes with nervous lambs also circled more than ewes 

with calm lambs (Table 2). However, no differences were detected in the number of 

times calm and nervous ewes crossed the middle line of their pen or in the number of 

high- or low-pitched bleats they emitted. 

Once reunited with their lamb, calm and nervous ewes showed no differences in their 

vocal or locomotor behaviour (Table 2).  

 

Lamb temperament assessment at 1 week  

There was no effect of the fostering procedure on the behaviour of the lambs in the open 

field test. Calm lambs with calm foster mothers showed similar locomotor and vocal 

behaviour to calm lambs with calm birth mothers, and nervous lambs with nervous 

foster mothers showed similar locomotor and vocal behaviour to nervous lambs with 

nervous birth mothers (Table 3).  

In contrast there was a significant effect of the genotype of the lamb on the behaviour of 

the lambs in the open field test. Calm lambs bleated less but started bleating earlier, 

crossed less squares, jumped less and started jumping later than nervous lambs (Table 

3).  

 

Finally there was no effect of maternal genotype on the behaviour of the fostered lambs 

in the open field test. The number of jumps, bleats, movements, and the latency to start 

bleating and jumping did not differ between lambs with calm or nervous foster mothers 

(Table 3).  
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Table 2: Behaviour (mean ± s.e.m) of ewes towards their calm (C) or nervous (N) fostered or non fostered lamb during separation from their lamb for 

5 mins and during the reunion with their lamb 48 hours after parturition.  
  Non fostered  Fostered 

Lamb genotype Calm Nervous  Calm Nervous Calm Nervous 

Maternal genotype Calm Nervous  Calm Nervous Nervous Calm 

        

Group (Calm, Nervous) C-C N-N   C-C N-N C-N N-C 

        

SEPARATION        

        

High pitched bleats 25.5 ± 6.8 49.3 ± 9.4  28.1 ± 6.2 35.3 ± 5.2 38.8 ± 7.6 36.2 ± 4.8 

Low pitched bleats 4.6 ± 1.8 2.5 ± 1.2  4.7 ± 2.2 3.8 ± 1.0 2.7 ± 0.9 5.8 ± 2.3 

Crossing 3.0 ± 0.6 3.7 ± 0.9  3.4 ± 0.8 4.5 ± 0.8 5.1 ± 1.0 3.8 ± 0.7 

Circling ac 0.2 ± 0.1 bd 1.7 ± 0.4  ac 0.7 ± 0.4 bd 1.7 ± 0.4 ad 1.4 ± 0.6 bc 0.9 ± 0.2 

        

REUNION        

        

High pitched bleats 0.7 ± 0.4 2.4 ± 1.0  0.5 ± 0.3 0.7 ± 0.3 1.2 ± 0.7 0.5 ± 0.2 

Low pitched bleats 3.9 ± 1.1 5.1 ± 1.4  4.7 ± 0.8 4.8 ± 1.0 4.7 ± 1.6 6.4 ± 1.3 

Crossing 1.2 ± 0.3 1.1 ± 0.4  0.9 ± 0.2 1.4 ± 0.4 0.6 ± 0.2 1.0 ± 0.3 

Circling 0.5 ± 0.3 0.9 ± 0.5   0 0.5 ± 0.2 0.2 ± 0.1 0.2 ± 0.1 
a and b: comparisons to test the effect of the fostering procedure; c and d: comparisons to test the effect of lamb and maternal genotype; row-means with 

different superscripts are significantly different (P < 0.05). 
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 Table 3: Lamb behaviour (mean ± s.e.m) in an open field arena at 1-week of age. Lambs were either fostered or not fostered to calm (C) or nervous 

(N) ewes at birth.  

  Non fostered  Fostered 

Lamb genotype Calm Nervous  Calm Nervous Calm Nervous 

Maternal genotype Calm Nervous  Calm Nervous Nervous Calm 

        

Group (Calm, Nervous) C-C N-N   C-C N-N C-N N-C 

        

Latency to bleat (s) 2 ± 0.5 2.5 ± 1.3  c 1.5 ± 0.7 d 2.4 ± 0.7 c 0.7 ± 0.4 d 2.3 ± 0.6 

Number of bleats a 53.7 ± 4.2 b 88.6 ± 6.5  ca 62.5 ± 5.8 db 85.4 ± 6 c 61.9 ± 6.3 d 78.9 ± 7.0 

Latency to jump (s) a 167 ± 28 b 16 ± 28  ca 178 ± 34 db 92± 22 c 198 ± 34.3 d 77 ± 22 

Number of jumps a 4.8 ± 1.6 b 6.4 ± 3.7  ca 6.8 ± 2.5 db 20.1 ± 4 c 4.3 ± 2.0 d 16.8 ± 3.6 

Number of squares crossed a 16 ± 2.4 b 6.3 ± 6.1   ca 21.1 ± 3.5 db 50 ± 5.3 c 22.6 ± 4.3 d 50.3 ± 6.5 

a and b: comparisons to test the effect of the fostering procedure; c and d: comparisons to test the effect of lamb and maternal genotype; row-means with 

different superscripts are significantly different (P < 0.05). 
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Lamb temperament assessment at 16 weeks of age 

There was no effect of the fostering procedure on the behaviour of the lambs. Calm 

lambs with calm foster mothers showed similar locomotor and vocal behaviour to calm 

lambs with calm birth mothers in the arena test (Figure 1). Similarly, nervous lambs 

with nervous foster mothers also showed similar locomotor and vocal behaviour to 

nervous lambs with nervous birth mothers in the arena and in the isolation box test 

(Figure 1). 

On the other hand there was a difference between the two genotypes on the behaviour of 

the lambs in the arena and in the isolation box test. Calm lambs did not cross as many 

squares in the arena and showed less agitation in the isolation box test than nervous 

lambs (Figure 1). No differences were detected in the number of bleats that calm and 

nervous lambs emitted in the arena test (Figure 1).   

 

There was no effect of maternal genotype on the behaviour of the fostered lambs in the 

tests. The number of bleats and movements in the arena test and the level of agitation in 

the isolation box test did not differ between lambs with calm or nervous foster mothers 

(Figure 1). In contrast there was an effect of the lamb’s genotype on their behaviour in 

the arena and in the isolation box test. Regardless of the lambs foster mother’s 

genotype, lambs with a calm genotype crossed less squares in the arena and showed less 

agitation in the isolation box test than lambs with a nervous genotype (Figure 1). No 

differences were detected in the number of bleats calm and nervous lambs emitted in the 

arena test (Figure 1). 
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Figure 1: Lamb behaviour in the isolation box test (A) and arena test (B and C) at 16-weeks of 

age. Lambs were either fostered or not fostered to calm (C) or nervous (N) ewes at birth. 

Genotype of the lamb is indicated first. -> indicates the genotype of the foster mother. Different 

letters are significantly different (P < 0.05). a and b: comparisons to test the effect of the 

fostering procedure; c and d: comparisons to test the effect of lamb and maternal genotype. 
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Discussion 

 

Genotype rather than non-genetic behavioural transmission determines the temperament 

of Merino lambs at weaning. The high heritability of lamb temperament may be the 

reason why Merino lamb temperament is mainly genetically transmitted and not 

influenced by postnatal behaviour of the mother. However, we can not completely rule 

out all maternal influences on the development of the offspring since the prenatal 

uterine environment can also affect the epigenetics of mammalian offspring.   In 

addition, we also have to consider the possibility that lamb temperament was not 

influenced by ewe behaviour if the behaviour of the ewes did not differ between the two 

temperaments as was the case during the first few hours after parturition. However, it 

seems improbable that the behaviour of calm and nervous ewes did not differ while 

rearing their lambs since differences in ewe maternal and general behaviour have been 

reported in other studies (Putu, 1988, Murphy et al., 1998, Blache and Ferguson, 2005a, 

Beausoleil et al., 2008, Bickell et al., 2008). Thus the temperament trait in Merino 

sheep has mainly a genetic mode of transmission which means the selection of Merino 

sheep, based on measures of temperament, has great potential in breeding programs. 

 

It was predicted that the foster mother’s temperament would influence the temperament 

of the lambs since an individual’s temperament is not fixed at birth and can be 

significantly modified by the behaviour of the mother (Meaney 2001). Usually an 

individual’s phenotype is the result of its own genotype plus the environmental effects 

experienced during development (Mousseau and Fox, 1998). The degree to which 

environmental factors, like a mother’s behaviour, influence the expression of a trait 

would depend on the heritability of that trait. Trait heritability refers to the proportion of 

phenotypic variation that is due to the additive genetic effects (Glazier, 2002). Thus, 
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traits with high heritability which have a high genetic component, would be less 

sensitive to environmental influences than traits with a lower heritability that have a 

lower genetic component.  Maternal behaviour dramatically influenced the emotivity 

and maternal behaviour of cross fostered offspring of quail (Richard-Yris et al., 2005) 

and rats (Francis et al., 1999). While a predominance of genetic effects and weak 

maternal effects were found to affect the temperament of cross fostered Maudsley 

Reactive and Non Maudsley Reactive rats (Broadhurst, 1961) and the behaviour of 

lambs (Boissy et al., 2005).  

The large variation in the degree to which the maternal environment affects an 

offspring’s temperament is not surprising.  Temperamental traits are variably influenced 

by maternal behaviour because they have moderate to high estimates of heritability 

(from 0.11 to 0.51 in sheep, cattle and dogs) (Mackenzie et al., 1985, Murphy, 1999, 

Schmutz et al., 2001). Temperament of Merino sheep, estimated using the isolation box 

test only, has been estimated to have a moderate heritability (0.2 to 0.4) (Blache and 

Ferguson, 2005a). Therefore since it has a moderate heritability it is less sensitive to 

environmental influences, and our results have shown that up until weaning, lamb 

temperament, expressed during a challenging situation, is not influenced by the 

behaviour of the mother.  

 

Even though the postnatal behaviour of the ewe did not influence the temperament of 

Merino lambs we cannot rule out the possible effect of the maternal uterine 

environment on the development of the offspring. A mother’s experience of her 

environment can be transmitted to her offspring in utero which may directly or 

indirectly influence offspring development (Mousseau and Fox, 1998). For example, 

stress in the pregnant dam can influence the development of the offspring through 

exposure of the fetus in utero to abnormally high concentrations of maternal 
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glucocorticoids crossing the placental and blood-brain barrier (Zarrow et al., 1970, 

Barbazanges et al., 1996). Gestational stress can permanently alter the sensitivity of the 

offspring’s HPA axis (Weinstock et al., 1998) thus impairing the stress-coping ability 

and predisposing the juvenile and adult offspring to be more sensitive to stressors 

(Braastad, 1998). In rats, differences between prenatally stressed and non-prenatally 

stressed rats are apparent when they are confronted with a novel or challenging situation 

(Weinstock 1997). Animals reared under extensive farming situations, like sheep in 

Australia, are often exposed to novelty, and thus the offspring of nervous ewes may 

have been exposed to higher levels of maternal glucocorticoids during gestation than the 

calm offspring. This may result in the offspring of nervous ewes being more sensitive to 

stressors than the offspring from calm ewes. Therefore the differences in the behaviour 

of the calm and nervous lambs may not only be due to genetic effects but also due to 

prenatal maternal effects.    

 

Another possible explanation for no observable effect of the foster mother’s behaviour 

on the temperament of the lambs may be because the behaviour of the foster mothers 

did not differ between the two genotypes during the first week post partum. Previous 

studies on the behaviour of calm and nervous ewes have shown that under experimental 

field conditions and in the presence of humans the two lines of sheep behave differently 

at the time of lambing. Calm ewes spend more time grooming their lambs, separate less 

often from their lambs during tagging and bleat more frequently to their young (Murphy 

et al., 1998). In the present study ewes were observed under indoor housing conditions, 

not under field conditions, and this may have influenced the ewe’s expression of 

maternal behaviour. The cross fostering procedure required ewes to give birth in indoor 

individual pens and thus birthing conditions were optimal, contrary to the very 

unpredictable field conditions. The environmental conditions were stable, food and 
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water were supplied ad libitum, predation risk was inexistent, there was no interference 

from other flock members, and humans were present everyday and associated with 

feeding. The Merino ewes and their lambs in the present study were only kept indoors 

in individual pens for one week after parturition, after which the animals were released 

into a paddock. Under these extensive field conditions we can assume that calm and 

nervous ewes did express differences in maternal behaviour like those described by 

Murphy et al. (1998). In addition, the behaviour of calm and nervous ewes also differs 

in responses to stressful stimuli like man (Beausoleil et al., 2008), novelty (Bickell et 

al., 2008) and isolation (Blache and Ferguson, 2005a). In the present experiment the 

ewes were exposed once to a stressful situation; the separation from their lambs 48 

hours after parturition. During this separation calm and nervous ewes differed in their 

circling behaviour which indicates that under challenging situations differences between 

the two temperaments become more apparent. The fact that other studies have shown 

that the behaviour of calm and nervous ewes does differ under extensive lambing 

conditions, and in response to stressful situations, alludes to the probability that the 

behaviour of the ewes did differ in our study. The experimental situation and 

observation methods used in the present work might not have been accurate enough to 

detect these differences.  

 

Conclusions and animal welfare implications 

Temperament traits related to social behaviour and response to human presence in sheep 

appear mainly determined by the genetic transmission of the trait across generations 

rather than by behaviours learned from the mother. Therefore this offers great potential 

to select sheep better adapted to standard farming procedures resulting in improvements 

to their welfare.  
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General discussion 

 

The general aim of this thesis was to investigate the effect of temperament on the 

establishment of the ewe-lamb bond and lamb survival. Overall we have found that the 

selection on temperament does not significantly affect the establishment of the ewe-

lamb bond or lamb survival. Rather, the differences in ewe behaviour and lamb survival 

reported by Murphy (1999) and Murphy et al. (1994, 1998) were not due to an effect of 

temperament on maternal behaviour per se, but rather to some interaction of 

temperament with the presence of the human observer. This conclusion is important 

since the divergent selection of temperament is partly based on the reaction of the sheep 

to the presence of a human. Our results, along with those of Murphy, demonstrate that 

the expression of a trait such as temperament is mostly in response to a ‘triggering’ 

external stimuli and the consequence on the behavioural expression depends 

preferentially on the presence of this stimuli.  

 

Calm and nervous ewes have been reported to show behavioural and physiological 

differences (Beausoleil et al., 2008, Bickell, 2005, Blache and Ferguson, 2005, Murphy, 

1999, Murphy et al., 1998). However, in all these studies behavioural and physiological 

differences were obtained while the animals were exposed to humans and/or were 

socially isolated. The studies reported in this thesis have observed or measured the 

behaviour and hormones of calm and nervous animals while they were not socially 

isolated and had either minimal contact with humans (observation in paddocks) or had 

been habituated to the presence of humans (observation in individual pens). In fact the 

only major difference found between calm and nervous animals was found in lambs 

tested at one week of age in an open-field test, the unique experiment that took place in 

complete social isolation. The fact that we have not found any significant effect of 
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temperament on the ability of lambs and ewes to recognise each other, on peripartum 

hormonal levels involved in the onset of maternal behaviour, on early ewe-lamb 

interactions, nor on lamb survival, strongly suggests that the influence of temperament 

can mainly be detected in response to the factors used to select calmness and 

nervousness, the presence of humans and social isolation.  

 

However, the slight early postnatal behavioural differences we found between the calm 

and nervous lambs when observed in individual pens and in the paddock, indicates that 

an effect of temperament can be seen between the two lines without the ‘triggering’ 

human or social isolation stimulus. This result is possibly because the link between 

temperament and behaviour is thought to be relatively direct during infancy, but 

becomes more complex as the individual matures (Goldsmith et al., 1987). This is 

because temperament is only one of many factors influencing behaviour and as the 

individual matures the complexity of the link between temperament and behaviour is 

shaped by factors such as physical and intellectual development, environmental 

experiences and motivation (Goldsmith et al., 1987). Therefore pure temperamental 

expression later in life is likely to be apparent only at times when environmental 

challenges render coping skills ineffective (Thomas and Chess, 1977), such as exposure 

to humans and social isolation for the nervous ewes. 

 

Our results suggest then that the consequences of temperament expression on the 

behaviour and physiology of the ewes and lambs depend by and large on the 

environment in which the animals are studied. Murphy (1999) and Murphy et al. (1994, 

1998) found that if humans were present during lambing then having a nervous 

temperament had negative consequences for lamb survival. In contrast, with our study, 

where human presence was minimal, although we found some effects of temperament 
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on ewe and lamb behaviour, there were no negative consequences for lamb survival. 

Likewise, with the differing behaviour of the lambs, the effect of the more or less active 

behaviour of the nervous and calm lambs on their survival would depend on the 

environment in which it is expressed. For example, a highly reactive temperament may 

have an advantage in a natural context, where a highly reactive and cautious individual 

might be less susceptible to predation (Clarke and Boinski, 1995). However, in a 

domesticated species such as the Merino sheep, selection for calm temperament is likely 

to improve sheep welfare especially in situations in which interactions with humans and 

social isolation are involved. 

 

However, it must be stressed that the animals used in this thesis were from 

approximately the 17/18th year of selection compared with the 1st /2nd year of selection 

for the studies by Murphy (1999) and Murphy et al. (1994, 1998). Therefore we must 

consider that there may be indirect effects of selection on other behavioural, 

physiological and morphological characteristics in the later selected animals which may 

impact on lamb survival that were not apparent in the first selection years. In fact, other 

differences between the later generations of calm and nervous ewes in colostrum 

production (Hart et al., 2006) and ovulation rate (Hart et al., 2008) were found that may, 

or may not, have been present in the first few generation animals. Both colostrum 

production and litter size, either directly or indirectly, affect lamb survival. The fact that 

temperament interacts with these two factors that can also affect lamb survival (and 

possibly others that still need to be identified) demonstrates that the effect of 

temperament on lamb survival is a complex phenomenon with no obvious clear cut 

answer. The results from this thesis however have highlighted the complexity of the 

interactions between temperament and other factors affecting lamb survival and showed 
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that, should temperament affect lamb survival, it is not by acting directly on the 

establishment of the ewe-lamb bond.  
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