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Abstract 

This  thes is  i nvestigates ewe and lamb behaviour, genetics and environmental effects to 

determine whether lamb rearing petformance can be improved i n  h igh ly  fecund heep. 

The studies were carried out under commercial pastoral farming condi tions. High 

performing sheep farmers were surveyed to identi fy management and performance 

practices that differentiate farms with high and low lamb reari ng ucces . Farmers 

agreed that mothering abi l ity was the most important factor affecti ng l amb urv ival and 

considered lamb surv ival to be the most important trait affecti ng fann profi t .  The survey 

identified the Coopwotth breed as the predomi nant breed of high lambing percentage 

flocks. 

Heritabi l i ty estimates were derived for lamb survi val (h2= 0. 1 6), ewe maternal 

behaviour score (h2= 0.05 ) and l i tter survi val (h2= 0.00) in a Coopworth flock that had 

been selected for improved maternal abi l i ty for nearly 30 year . Maternal genetic 

variation in the Coopworth flock was low for lamb and maternal traits and suggests that 

farmers must con ider the environment and management technique to improve lamb 

surv ival . A greater proportion of the vatiation i n  triplet survival was attributed to 

environmental effects than it was for twi ns, therefore triplets requ ire more care. 

Management and environmental factors investigated i n  this study affected ewe and lamb 

attachment behaviour in larger l i tters. A relationship was found between pregnant ewe 

physiology and maternal behaviour. Ewes that maintain body condi tion in late 

pregnancy and have lower plasma �-hydroxybutyrate levels were more receptive to the 

demands of their l i tter as these ewes had higher MBS.  The effect of maternal nutri t ion 

in late pregnancy and at lambing was explored further. Feeding leve ls  did not affect the 

majori ty of maternal behaviours i nvestigated. However triplet lamb behaviour was 

affected by maternal nutrition in late pregnancy and lambs born to poorly fed ewes were 

less l i ke ly to tand, locate thei r dam ' s  udder and fol low their moving dam after 

separation at tagging. Triplet lamb survi val was s imi lar to twin lamb survival when 

pasture al lowance wa not restricted in late pregnancy. 

Ewe behaviour was affected by breed, selection l i ne and l i tter size .  Ewes that high 

bleated less and showed less flocking behaviour, in the arena test and at tagging had 



greater lamb rearing performance at weaning. Ewes that were quick to contact their 

lambs after separation at tagging weaned greater lamb weights (weight weaned 

increased I Okg per ewe from MBS3 to MBS4). Lamb behaviour was not affected by 

breed and was not explained by bi rthweight. Lambs that stood and sucked from their 

dam within ten minutes from tagging had an improved chance of survival to weani ng 

(survi val i ncreased 5-fold and 3-fold respective ly) .  Lamb behaviour has a s ign i ficant 

role in ewe-lamb attachment in large l i tters. In part icular lamb bleati ng represents need 

and attracts the dam when separated. The l amb bleats more if i ts dam has a lower MBS 

and i t  w i l l  b leat more i f  i t  stands quickly. The dam wi l l  high bleat when she has lower 

MBS and cannot locate her lamb or l i tter. 

Lamb reming success for ewes wi th l arger l i tters is determi ned by lamb behaviour and 

the lamb's  in teraction with its dam. Triplet lambs can achieve survival rates s imi lar to 

twi ns, providing the maternal environment and lamb genetics support appropriate ewe­

lamb attachment behaviours. 
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Introduction 

In New Zealand, many sheep breeders have selected and bred ewes for i ncreased 

fecundity over the last two decades. Selection within ex ist ing breeds has been used to 

establish highly prol ific flocks (Davis et al., 1 987). Highly fecund breeds such as the 

Finnish Landrace and East Friesian were introduced i n  the 1 990' s  with the objective of 

i ncreasing flock fert i l i ty (Meadows, 1 997). 

Improved lambing percentage is the biggest contributor to higher p�ofits on New 

Zealand sheep farms (Geenty, 1 997). The national mean lambing percentage in 2002 

was 1 24%, which was significant ly greater than the 200 1 season' s  record of 1 1 9% 

(Anon, 2002). Davis  et al. ( 1 983)  reported that trip lets replace si ngles a l i tter ize 

increases above 1 .7 lambs per ewe. The i ncreased proportion of ewes having trip lets i s  

of concern to farmers and to i ndustry as Iamb morta l i ty i s  assumed to be highest i n  

triplets before 24 hours post-partum (Amer et al., 1 999). 

Lamb survivabi l i ty i s  an i ncreas ing problem . Lamb losses of 30% have been recorded 

between pregnancy scann ing and tai l ing (Anon, 2002; Aspi n, 1 997) and above a l i tter 

size of 2 .3 lambs born per ewe lambing, farmers can expect a reduction i n  farm 

profitabi l i ty (Amer et al. , 1 999). Twi n  and triplet born l ambs have higher mortal i ty rates 

than si ngles (Hal l et al., 1 988;  Johnson et al., 1 982; H inch et al., 1 983; Scales et al., 

1 986). Many studies emphasise the importance of lamb birth weight report ing lower 

survival to weani ng in lambs weighi ng less than 3kg at bi rth ( Dalton et al., 1 980; 

Johnson et al., 1 982; Hight and Jury, 1 970; Nowak and Lindsay, 1 992). But overa l l ,  the 

re lationship between lambing rate and lamb survival i poorly understood i n  highly 

fecund ewes. 

Most lamb deaths occur i n  the fi rst two days from birth and adequate maternal care i s  

requi red to min imise losses and min imise the effects of  detrimental environmental 

factors (Poindron et al. , 1 984). However the proper expression of adequate maternal 

behaviour i s  made more difficult by modern l i vestock systems which i ncrease fecundity 

and thus i ncreased demands upon the mothering abi l i ty of ewes (Chenoweth and 

Landaeta-Hernandez, 1 998).  
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Farmers and scientists are searching for ways to improve lamb-reari ng abi l i ty i n  highly 

fecund sheep, as cun·ent lamb losses are not acceptable from a production and animal 

wel fare perspecti ve. 

The objecti ve of this thesis i s :  

Can we improve lamb rearing petformance in highly fecund sheep? 

This  thesi s has taken a hol i stic and appl ied approach to investigat ing the genetics , 

behaviour and management of the ewe-lamb relationship and investigated the 

integration of these factors under commercial pastoral fanning conditions. The relevant 

l i terature has been reviewed and trials have been designed to i nvestigate the fol lowing 

questions :  

• Can we identify the Lamb and ewe behaviours that encourage ewe- Lamb 

attachment in highly prolific flocks? 

• Can we identify the management practices on fatm that enhance ewe-lamb 

attachment?  

• Can we select for improved mothering ability and Lamb swvival under these 

conditions? 

The research areas invest igated to answer these questions are presented in Figure I .  The 

format of the thesi s fol lows: 

2 

• The first stage of the research required knowledge of current lamb rearing 

performance on high performing sheep farms i n  New Zealand. Chapter 2 

explores current reproducti ve rates, lamb losses and management practices 

through a survey of sheep farmers with high produci ng flocks. 

• Genetic parameters for ewe maternal behaviour score, l i tter survival and lamb 

survival are esti mated in Chapter 3. The magnitude of environmental and 

management effects on these ewe and lamb traits has been estimated. 

• Environmental effects are i nvestigated fu1ther i n  Chapter 4 and Chapter 9. 

Chapter 4 i nvestigates the effect of ewe physiology i n  late pregnancy on 

maternal behaviour and lamb rearing performance. Maternal nutri tion i 

explored further in Chapter 9 and i nvestigates the effect of pasture a l lowance i n  

late pregnancy o n  ewe-lamb attachment behaviours and subsequent lamb rearing 

performance. 



• Breed and l i ne di fferences i n  some trai ts are often regarded a i nd icat ive of 

genetic variation. The object ive of Chapters 5 through to 7 i s  to i nve tigate Finn 

and Texel s  which have been previously recognised by New Zealand farmers to 

have marked ly di fferent behaviour. The e recently i ntroduced breeds were u ed 

to explore the relationship between ewe and lamb behaviours and lamb reari ng 

petformance. Chapter 8 i nvestigates the behaviour of a Romney flock 

divergently elected for maternal IGF- 1 .  A relationship was sought with lamb 

reari ng performance. 

• Arena tests were used i n  Chapter 8 and 9 to determine i f  maternal behaviour and 

lamb rearing performance can be predicted before parturi t ion. 

Figure I Some 

Photograph taken by Julie Everett-Hincks 
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CHAPTER 1 

Literature Review 

Photograph taken by Julie Everett-Hincks 



Chapter I 

1 . 1  Introduction 

The abi l i ty of the ewe to rear her l i tter to weaning i s  determined by the successful 

execution of a number of processes. These are dli ven by genetics, behaviour and the 

environment (summarised in Figure I ) . A better understanding of perinatal ewe and 

lamb behaviour wi l l  benefi t animal production and welfare (Chenoweth and Landaeta­

Hernandez, 1 998) .  

The l i terature review concentrates on  the study of ewes and lambs managed outdoors. I t  

reviews studies on ewe and lamb behaviour, genetics and farm management as they 

relate to lamb survival and lamb rearing performance to weani ng. 

1 .2 Background 

The evolutionary success of sheep has been due largely to i ts behaviour. The highly 

developed flocking i nstinct and doci l i ty of sheep have fac i l i tated thei r domestication 

and enabled more effect ive coexi stence with man ( Ryder, 1 983;  Zohary et al., 1 998) .  

Domestication i s  the process by which wi ld ani mals adapt to man and a capt ive 

environment. I t  can be viewed as both an evolutionary process and a developmental 

phenomenon (Price, 1 998). According to Price ( 1 998) artificial se lection is the only 

genetic mechani sm unique to domestication and may be applied i ntentional ly 

(consciously) or i nadve1tently (unconsciously) . Zohary et al .  ( 1 998) proposed that many 

of the morphological, physiological and behavioural traits that characterise domestic 

sheep and dist i nguish them from their wi ld ancestors were shaped to a l arge extent by 

unconscious selection. Grandin and Deesing ( 1 998)  suggested that domestication 

i nfluenced quanti tati ve rather than quali tati ve behaviour responses, heighten ing the 

response threshold above normal levels of stimulation . They too bel ieved that 

unconscious selection played a major role and i s  largely due to mans' role as a buffer 

between the animal and the environment. 
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During domestication a number of morphological changes i ncluding a reduction i n  

sexual dimorphism, a reduction i n  male horn size, reduced camoufl age coloration and 

shorten ing of l imbs relat ive to body size occurred in sheep (Zohary et al., 1 998). 

Humans protect domesticated sheep and with a lowered predation pressure comes 

relaxed selection pressure for behavioural traits that are effecti ve again t predator . 

Thus there i s  a reduced fl ight di stance and aggression (Zohary et al., 1 998). 

Domestication reduced the ri sks for females canying twins therefore rel ax i ng selection 

agai nst twinn ing and i ncreasing the frequency of twins (Zohary et al. , 1 998) .  

Human control over feeding and mat ing have reduced i ntraspecies competi tion (Grandin  

and Deesi ng, 1 998). Zohery et  al. ( 1 998) proposed that this reduced i ntra-population 

competit ion, aris ing from a richer anthropogenic environment compared to the animals 

wi ld environment, wou ld lead to automatic se lection for accelerated sexual maturation, 

i ncreased twinning and i ncreased fat storage. 

As a result of genetic selection, humans have changed the morphology and physiology 

of sheep and produced many breeds differi ng in a range of traits. Key and Maclver 

( 1 980) questioned the extent that selection for various physical characteristic resulted 

i n  genetical ly con-elated changes i n  behaviour. Dwyer and Lawrence ( 1 998a) suggested 

that the i ntensification of sheep farming and the selection of sheep for i ncreased 

production have led to a decrease i n  the expression of behaviours associated wi th 

surv ivab i l i ty under extensive conditions. Therefore feral breeds of sheep were 

considered to be superior mothers than the more selected breeds ( Dwyer et al., 1 998b). 

1 .3 Behaviour 

Behaviour is an adapt ive mechanism, which responds to and alters the i nternal and 

external environments of an animal . It can be considered a dynamic i nterface between 

the i nternal and external envi ronment (Grandi n  and Deesing, 1 998). 

Maternal behaviour i nc ludes those behaviours of the dam which occur around the t ime 

of birth and which are associated with the del i very and survival of the young to 
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weaning. The behaviours i ncluded becoming i solated, seeking shel ter, nest bui ld i ng, 

parturi t ion, clean ing and sti mu lati ng the neonate to suckle and establ i shment of the 

mother-young bond (Chenoweth and Landaeta-Hernandez, 1 998 ). 

The onset of maternal behaviour i n  sheep i s  control led by levels of oestrogen and 

progesterone in gestation and the re lease of oxytocin in del ivery (Dwyer et al., 1 999b). 

Ewes, especial ly i nexperienced ewes, rely  primari ly on olfactory cues from amniotic 

fl uid on the lambs ' coat for the normal development and maintenance of maternal 

behaviour at parturition ( Levy and Poi ndron, 1 987;  Alexander et al., 1 986; V ince et al., 

1 985, Poi ndron et al., 1 980b). The post parturient ewe becomes attached to any newly 

born lamb, which she has l icked for 20-30 minutes (Smi th  et al., 1 966). 

The behaviour of the ewe before, duri ng and after parturi tion has a major i n fluence on 

lamb survi val (Nowak et al., 2000). The first hour post-pa1tum is  the most important i n  

the establ i shment of  an  exc lus ive mother-young bond (Alexander et  al., 1 986). The 

development of a strong maternal bond is an important prerequis i te for lamb survi val 

and it is i n fluenced strongly by cont inuous association between the ewe and her lamb i n  

the t ime after birth ( Murphy et al., 1 994a). The formation of the bond i s  the resul t  o f  a 

rapid learn ing process influenced by both ewe and lamb behaviour (Shi l l i to-Walser, 

1 978) .  Shi l i to-Wal ser et al. ( 1 983) observed that as lambs got older ewes moved away 

more quickly  when disturbed. Lindsay et al. ( 1 990) observed that i ncreased vocal 

behaviour of lambs was strongly associated with thei r earlier recognit ion of their mother 

and better bonding. Nowak ( 1 996) suggested that vocal communication between the 

ewe and the l amb is central to adequate bond formation and has demonstrated that lamb 

bleati ng behaviour i s  i nvolved i n  the attachment process. Pol lard ' s  New Zealand study 

showed that when lambs were between 6 and 1 2  hours old, ewes rearing trip lets bleated 

more when thei r l i tters were i ntact and less when one of their lambs was removed 

compared with ewes with a single lamb (Pol lard, 1 992). Pol lard ( 1 992) found that a 6-

1 2  hour old lamb, which was separated from its dam, was more l i ke ly to approach a ewe 

that was b leati ng than a si lent ewe and concluded that ewe bleats help in long di tance 

recogni tion of the dam. Lamb vocalisations are modified by thei r rearing experience and 

appear to represent a signal of need (Dwyer et al., 1 998b). 
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Ewe-lamb bonding and lamb survi val are maximised by management practices that 

i ncrease the time spent at the birth s i te by the dam after parturi tion (Nowak, 1 996). 

Ewes that remain  longer on their birth site tend to have higher lamb surv ival rates 

(Cioete et al., 1 998b ). Bondi ng and consequent ly  surv ival of twins can be considerably 

improved i f  dams remain on the bi rth s i te for a min imum of 6 hours (Alexander et al., 

1 986; Nowak, 1 996). 

Separation and desertion are l ike ly when the ewe is  disturbed (Smith, 1 965 ) and may 

result from the confl ict between the flocking behaviour of sheep and the i solation 

associated with maternal behaviour ( Ki lgour and Szantar-Coddi ngton, 1 995). Alexander 

et al. ( 1 986) showed that the i ncidence of separation from twins by i nexperienced ewe 

was high with animals that moved from their bi rth site soon after givi ng birth and 

suggested that i ntensive management by shepherds cou ld aggravate the loss of lambs. 

However, Murphy et al. ( 1 994a) suggested that i t  is not so much that the dam is  on the 

bi rth si te for 6 hours after parturi tion that improves lamb survi val but simply the fact 

that the dam is  together with a l l  of her lambs. 

The frequency of rejection behaviours decl i ned with maternal experience (Dwyer and 

Lawrence, 2000) and more frequent abnormal post lambing behaviour occur among 2-

year-old primiparous ewes than older ewes (Sharafeldi n and Kandeel ,  1 97 1  ). Poor 

maternal behaviour i n  pri miparous ewes is often considered a cause of lamb death 

(Arnold and Morgan, 1 975)  and Dwyer and Lawrence (2000) suggest that the behaviour 

of a prim iparous ewe is  reasonably predictive of her behaviour in subsequent 

pregnancies as i ndividual ewes were consistent i n  thei r expression of maternal care 

across pari ties. Lindsay et al. ( 1 990) suggested train ing primiparous ewes to the 

presence of man to reduce emotiv i ty and subsequent ly i mprove mothering abi l ity. 

Under extensive pastoral conditions Merinos are slow to recognise the size of their 

l i tters and inherent ly poor at mai ntai n ing contact with more than one lamb in the 

neonatal period (Alexander et al., 1 983b; Stevens et al., 1 982). In one Austral ian study 

46% of twin beari ng Merinos became permanently separated from one lamb, mostly  on 

the day after giving birth and in at least 54% of the cases there was no obvious 

precipi tati ng factor and 34% of twi n  bearing ewes were separated temporari l y  from at 
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least one lamb (Alexander et al., 1 983b). I n  Meri nos the prop01tion of separations 

decreased as the t ime ewes remai ned near the bi rth s i te i ncreased . 

Ewe- lamb separat ion causes emotional stress which influences the behaviour and 

cortisol response of young animals more marked ly than older animals (Napol i tano et al., 

1 995). These authors found that the average dai ly  weight gain was lower in lambs that 

had been separated earl ier from the ewe and suggest that the lowered performance is the 

consequence of a reduced abi l i ty of young animals to cope with emotional and 

nutri tional stresses (Napol i tano et al. , 1 995). 

Thus the temporary separation of a lamb from i ts dam and its l i ttermates i s  detrimental 

to i ts survi val (Nowak and Lindsay, 1 992; Alexander et al., 1 983b; Stevens et al., 1 982) 

and later performance (Napol i tano et al. , 1 995 ). Orgeur et al. ( 1 998) reported that when 

ewes and lambs temporari ly separated from each other they express their d i stress by an 

i ncrease in bleati ng and locomotor act iv i ty. H igh-pi tched bleat ing is affected by ewe 

breed and may reflect the l i ke l ihood of separation of the ewe from the lamb (Dwyer et 

al., 1 998b) but Li ndsay et al. ( 1 990) suggested that the best mothers were those that 

were less active in stressfu l si tuations and those that bleated more often. 

Animals that are used to humans are more eas i ly  managed and less t imid than those that 

were not (Markowitz et al., 1 998). Lambs that have 40 minutes of posi t ive human 

contact at 1 -3 days of age are less afraid of people (Markowitz et al., 1 998). Murphy et 

al. ( 1 994a) reported that ani mals of quiet temperament grow faster than animals that are 

restless, nervous or aggressi ve ani mals. 

Attempts have been made to fi nd associations with 'emoti vity' and reaction of animals 

to an external stimulus (Alexander et al., 1 984) and i ndications are that lamb survi val is 

lower i n  ewes that are more emotive (Putu et al. ,  1 988a). The Arena Behaviour Test 

has been used i n  Austral ia to predict the lamb-reari ng abi l i ty of Merino ewes ( Ki lgour, 

1 998). Ki lgour ( 1 998) showed that arena behaviours were useful predictors of lamb 

survi val . Ki lgour and Szantar-Coddington ( 1 995, 1 997) and Ki lgour ( 1 998) reported 

di fferences i n  the total di stance travel led and the number of bleats i n  ewes selected for 

greater fert i l i ty when compared to a random control flock i n  the arena behaviour test. 

Murphy et al. ( 1 994a) showed that resu lts from their mod ified arena test were highly 
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repeatable when assessed at weaning, hogget age and 2.5 years. Sh i l l i to-Walser et al. 

( 1 983)  tested three breeds of sheep in a T  maze to observe the behaviour of ewes when 

given a choice between goi ng near to their own lambs or going to a group of ewes and 

lambs from their flock. Maternal behaviour was strongest in Dalesbred, selected for h i l l  

farming, wi th young lambs and the flock tendency strongest i n  Soays, least 

domesticated sheep, with older lambs (Shi l l i to-Walser et al., 1 983) .  

The quanti fication for maternal behaviour i s  d ifficult and presents logi  t ical problems 

especial l y  as the expres ion of this trai t may be i nfluenced by: pari ty, number of lambs, 

experience, nutrition and the weather (Poindron and Le Neindre, 1 980a) . 

O'Connor et al. ( 1 985) quanti fied the potential influence of maternal behaviour on lamb 

survival and growth across a number of tradi tional and highly fecund ewe breeds and 

across ewe ages. They establ ished a positi ve relationship between a Maternal Behaviour 

Score ( MBS)  and lamb survival and growth when con·ected for l i tter s ize, ewe breed 

and age (O'Connor et al., 1 985). The MBS was recorded on a 5-poi nt scale on the 

response of the ewe to a shepherd handl i ng and tagging her lambs within 24 hours from 

birth. Lamb survi val to wean ing i ncreased 1 0% with an i ncrease i n  MBS from 2 to 5 

and there was an i ncrease i n  weight weaned per ewe mated with i ncreasing MBS 

(O'Connor, 1 990). MBS is a good i ndicator not only for lamb growth but al so for the 

strength of the pre-weaning ewe- lamb relationship (O'Connor, 1 996). Further studies on 

MBS by Parker and Nicol ( 1 993 ) showed that lambs of MBS 4 and 5 ewes located thei r 

dam's udder i n  30% less t ime than lambs of MBS 3 ewes. Rapid location of the udder 

i ncreased i mmunoglobu l in  concentration in lamb plasma 24 hours after b i rth and may 

contribute to the improved lamb survival and subsequent ewe producti vi ty associated 

with high MBS ewes (Parker and Nicol, 1 992) .  

Pol lard ( 1 989) highl ighted the impo1tance of  neonatal lamb behaviour i n  ewe-lamb 

attachment, especial ly as l i tter size i ncreases . Arnold and Morgan ( 1 975)  reported that 

poor maternal behaviour was the d i rect cause of 1 6% of lamb deaths, however fai l ure of 

the lamb to dri nk after standing caused 23% of lamb deaths. Poindron et al. ( 1 980b) 

empha i sed the i mportance of lamb behaviour and reported that the behaviour of the 

neonatal lamb influences the maternal responsiveness of the ewe. However many 

bel ieve that maternal behaviours i n fluence lamb behaviour provid ing evidence that 
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maternal behaviour at parturi tion i s  cri t ical to lamb survi val (O'Connor et al., 1 992b; 

Astroshi and Osterberg, 1 979, Dwyer and Lawrence, 1 999a). Shi l l i to-Walser ( 1 978)  

also appreciated the importance of effect ive lamb behaviour concluding that the 

formation of the maternal-offspring bond in sheep is the result of a rapid learn ing 

process influenced by the behaviour of both the ewe and the lamb. 

According to Alexander ( 1 988) ,  mother-young acceptance i s  more l i kely if the newborn 

lamb stands soon after bi tth, sucks soon after standing, fol lows the mother closely  and 

moves to the mother if separated. A New Zealand study at Ruakura on mi xed age 

Romney ewes concluded that the t ime taken by a lamb to stand up after bi rth was the 

best avai lable i ndication of vigour (Wal lace, 1 949) .  Wal lace ( 1 949) observed l i tt le or no 

relationship between vigour and sex ,  type of b i rth, age of ewe, birth weight, type of 

presentation, or t ime between onset of l abour and birth. However, Astroshi and 

Osterberg ( 1 979) observed that an i ncrease in bi rth weight shottened the t ime from birth 

to standing. Dwyer et al. ( 1 999b) showed that the greatest vatiation i n  lamb act iv i ty was 

re lated to maternal progesterone. It is bel ieved that in pro l i fic sheep, bi rth weight 

influences behaviour trai ts, but l i tter size does not, except i ndirectl y  through i ts effect 

on bi tth weight, so the smal ler the lamb the less act ive it is (Atroshi and Osterberg 

1 979). 

Many studies have demonstrated breed di fferences i n  perinatal ewe behaviour ( Dwyer 

et al. , 1 998b, 1 999b; Dwyer and Lawrence, 1 999a; Fahmy et al., 1 996; Shi l l i to-Walser 

et al., 1 983 ; Key and Mac l ver, 1 980; Lindsay et al., 1 990; Cloete et al., 2002) and have 

attempted to defi ne what patticular characteristics make a good mother. O' Connor et al. 

( 1 985, 1 992b )  have i ncreased our understanding of maternal behaviour in tradi tional 

and high ly fecund sheep, however l i ttle i s  known of the effect of lamb behaviour i n  

large l i tters o n  formation of the ewe-lamb bond and l i ttle i s  known of thei r behaviour 

under extensi ve New Zealand farming condi tions. Research on farm under commercial 

pastoral condi tions i s  l imi ted with the majoti ty of outdoor studies performed on 

Merinos, which are not natural ly fecund (Alexander et al., 1 979; Putu et al., 1 988b ). 
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1 .4 Selection 

The variation of motheri ng abi l i ty within and between breeds shows promise for genetic 

improvement of this important characteri stic ( Manktelow, 1 996 ) .  However 

improvement in mothering abi l i ty is dependent upon our success in effecti ve ly 

in tegrating evolutionary behaviours with modern production systems and then selecting 

those behaviours that are advantageous for production (Chenoweth and Landaeta­

Hernandez, 1 998 ) .  This statement assumes that we can adequately  identify evolutionary 

behaviours and apply selection pressure to them, without compromis ing other valuable 

trai ts. Therefore a better understandi ng of the relationship between lamb survi val and 

ewe behav iour are cri t ical for the development of sustai nable breeding programmes 

(S i  mm et al. , 1 996 ) .  

Breed and l ine di fferences i n  some trai ts are often regarded as  indicati ve of genetic 

variation ( H inch, 1 997 ) .  Breed di fferences were reported for early neonatal progress i n  

lambs ( S iee and Spri ngbett, 1 986; Alexander et al., 1 990a,b; Cloete et al., 1 998b; 

Cloete et al. , 2002 ) .  support ing the contention that i t  i s  paitial ly under genetic contro l .  

Fahmy er al. ( 1 996 ) reported no breed di fference i n  peri natal behaviour i n  Fi nn and 

Camb1idge ewes ( 20% Fi nn ), but Holmes ( 1 976 ) found poorer maternal abi l i ty in Finn  

ewes compared to Forest C lun  ewes and suggested that the poorer maternal abi l i ty cou ld 

have ari sen through lack of selection pressure associated with se lection for pro l i ficacy 

from intensive husbandry, as Finn sheep in Europe are predominant ly lambed i ndoors. 

Whately et a l .  ( 1 97- 0 observed that Meri nos and Romneys in New Zealand exhibited 

poorer motheri ng abi l i ty than the Perendale, Cheviot and Border Leicester Romney 

cross sheep, crossbred sheep were best. Merino dams were most l i kely to abandon 

lambs and Romneys had the poorest abi l i ty to seek shelter when lambing in poor 

weather. Alexander et al. ( 1 983a) reported poor maternal behaviour in twin-bearing 

Merino, Dorset Horn and Border Leicester ewes in Austral ia. 

Dalton et al. ( 1 980 ) found large di fferences between breeds in lamb survi val under New 

Zealand conditions. Studies of lamb survi val in pro l i fic breeds have shown that lamb 

losses duri ng the first few days after b irth consti tute between 50 and 75% of al l lamb 

losses ( Petersson and Danel l ,  1 985;  Dalton et al., 1 980; Hinch er al., 1 986; Maund et 

al., 1 980) .  These studies showed a positi ve re lationsh ip between b i rth weight and lamb 
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survi val as l i tter size i ncreased and identi fied that dams older than 3 years were more 

l i ke ly to support the survi val of large l i tters. Dawson and Carson (2002) reported simi l ar 

lamb mortal i ty rates across a range of ewe genotypes however weaned Jamb output was 

greatest for the B luefaced Leicester x B lackface ewe genotype. Wiener et al. ( 1 983)  

showed that crossbred Jambs had better survi val rates than purebreds but  this advantage 

was only  evident between 3 days and 6 weeks of age. 

Selecti ve breedi ng has been advocated as a means of improving ewe Jamb rearing 

abi l i ty and lamb surv ival under pastoral condi tions (Haughey, 1 993).  However recent 

est imates of the genetic components of Jamb survival i ndicate l imi ted genetic variation 

(Petersson and Danel l ,  1 985;  Hal l et al., 1 995; Lopez-Y i l lalobos and Garrick, 1 999; 

Morris et al., 2000; Fadi l l i  and Leroy, 200 I ;  Cloete et al. , 2002) and that lamb survi val 

i s  control led main ly  by non-genetic factors. However, Petersson and Danel l ( 1 985)  

suggest that the maternal genetic influence of lamb survival, that i s  the dam ' s  provision 

of an environment i n  which the offspri ng performs, i s  more important than the d i rect ly  

transmitted genetic component of  the offspring. 

Selecti ve breedi ng for ewe Jamb rearing abi l i ty, defined as the ratio of Jambs weaned to 

lambs born, has resulted in a reduction in Jamb m01tal i ty (Haughey, 1 983; Cloete and 

Schol tz, 1 998a) and a reduction in the i nterval from stand ing to suckl i ng (Cioete and 

Schol tz, 1 998a). The inference that reari ng abi l i ty is heri table has been confi rmed in  

few studies w i th  Merinos (Haughey, 1 984; Haughey et al., 1 985)  and has been reviewed 

by Piper et al. ( 1 982). The repeatabi l ity of reari ng performance has also been estimated 

at I 0% by Haughey ( 1 984 ). Purser and Young ( 1 983)  reported that Jamb rearing abi l i ty 

was a repeatable trai t and that the more Jambs reared the better the subsequent 

performance appeared to be. If the Jamb was not reared from the ewe' s fi rst pari ty lamb 

morta l i ty at age three and pari ty two was 26.8% but if the previous Jamb was reared the 

mortal i ty was only 1 3 .5% (Purser and Young, 1 983) .  Dal ton et al. ( 1 980) suggested 

cul l i ng 2 year old ewes that were not pregnant would have a greater effect on improvi ng 

flock Iamb survi val than cul l ing ewes that had lost a lamb. Morris et al. (2000) found 

that environmental variances due to permanent maternal effects (for example uteri ne 

capaci ty, pelvic width, mi lk ing and maternal abi l i ty) were found to contribute most ly to 

the repeatabi l i ty of ewe rearing performance providing evidence that improved lamb 
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surv i val has to be seen main ly  as a successful partnership  between mother and offspring 

throughout pregnancy, parturi t ion and lactation. 

There has been selection for behaviour trai ts thought to i mprove lamb survival , however 

these studies are scarce (Lam be et al., 200 I ;  C loete et al., 2002). Lam be' s  team reported 

a heritab i l i ty of 0. 1 3  and a repeatabi l i ty of 0.32 ( Lam be et al., 200 I ) . Cloete et al., 

(2002) showed that the t ime to stand from b i rth and t ime to suck from standing have a 

genetic component and that it di ffers between breeds. In the study of Owens and 

Armstrong ( 1 985) an i ncrease in lamb bi rth weight was associated with neonatal lamb 

vigour in Booroola lambs, although only regression coefficients were reported. 

New Zealand sheep farmers have a range of options to influence the genetic capabi l ity 

of their flock. New sheep breeds and the genes they can contribute to the national sheep 

flock can provide an opportunity to improve lamb-rearing abi l i ty. However publ ished 

est imates of genetic parameters for l amb rearing abi l i ty are l imi ted, particu larly i n  

highly fecund sheep and select ion i s  l imi ted as lamb rearing abi l i ty i s  a sex- l imi ted trai t .  

Further research i s  needed to determine the heritabi l i ty of lamb and ewe behaviours that 

re late to lamb survi val and lamb rearing abi l i ty . 

1 .5 Environment and Management 

Bei lharz and Luxford ( 1 984) discussed the l imi ti ng effect of the environment on 

reproducti ve progress and accepted that extreme variants l i ke Booroola genes and the 

appl ication of fert i l i ty treatments l i ke Fecundin used for i ncreasing l i tter size, can only 

be uti l i sed successfu l l y  i f  the environment i s  improved. They maintain that even 

relati vel y  smal l i ncreases in l i tter s ize wi l l  need improvements in the environment i f  

they are not to  have deleterious s ide effects ( Bei l harz and Lux ford, 1 984). Amer et  al. 

( 1 999) reported that above a l i tter s ize of 2.3 lambs born per ewe lambi ng, farmers can 

expect a reduction in farm profi tab i l i ty .  Trip lets replace si ngle as l i tter size i ncreases 

above 1 .7 lambs per ewe and Iamb mor1al i ty is assumed to be highest in triplets before 

24 hours post-partum and di ffers with type of environment and farm (Amer et al., 

1 999). 
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Ewes must uti l i se reserves to support the growth of mu ltiple lambs i n  utero (Jelbart and 

Dawe, 1 984). The energy cost during pregnancy in the ewe is largely met by i ncreased 

feed i ntake, except i n  very late pregnancy when i ntake may dec l ine. The ewe may 

respond to i ncreased nutrient demand in late pregnancy and lactation by eat ing more, by 

mobi l i s ing maternal tissues, by improving the overal l effecti veness of digestion or by 

i ncreasing the efficiency of uti l i sation of nutrients by tissues (Jelbart and Dawe, 1 984). 

Mel ior ( 1 983)  recognises that foetal growth rate i s  determi ned by maternal nutri tion and 

placental growth. Placental development i s  especial ly  important in ewes lambi ng 1 50% 

or more to ensure l ambs are sufficiently heavy at bi rth and to give them the best chance 

of surv ival (Mel ior, 1 983;  Bel l ,  1 984) .  

In late pregnancy and early lactation the nutri tional requirements of ewes are very high, 

particularly for ewes with twins (Holmes, 1 975) .  The last 4-6 weeks before lambing are 

cri tical (Scales et al., 1 986) .  When mult iple bearing ewes were offered addi tional feed 

in late pregnancy to i ncrease l i veweight, lamb mortal i ty was reduced, suggest ing meri t  

i n  improved pre-lamb feeding for ewes carrying more than one lamb (Scales e t  al. , 

1 986). Scales and eo-workers reported that a I Okg i ncrease in ewe l iveweight duri ng the 

last 6 weeks of pregnancy resulted in an i ncrease of 0.46kg in singles and 0.52kg i n  

twi ns at b i rth (Scales et al., 1 986). Ideal ly ewes with multiples shou ld be ident i fied as 

early as possible, separated and preferential ly  fed (Geenty, 1 997). 

Hight and Jury ( 1 970) reported that lambs born to ewes fed wel l  i n  late pregnancy are 

better equipped to survive condit ions predisposing to exposure and starvation as they 

have more energy stored as brown fat reserves and maintain their suckl i ng drive for 

longer than lambs born to poorly fed ewes. Moore et al. ( 1 986) reported that lambs born 

from ewes fed higher pasture al lowances had higher rectal temperatures at b irth than 

those born from low al lowance ewes i ndicati ng the lambs poorly fed i n  utero tend to 

achieve high metabol ic rate more slowly than those which recei ve a good nutrient 

supply (McCutcheon et al., 1 98 1  ) . Moore and eo-workers ( 1 996) also observed that 

increased lamb vigour was associated with i ncreasing bitth weight for a l l  lambs, but 

i ncreasi ng rectal temperature was associated with i ncreasing birth weight on ly for male 

lambs. However, Robi nson et al. ( 1 977) reported that the level of feedi ng in late 

pregnancy did not affect foetal weight i n  highly fecund Finn crosses. 
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Inadequate feeding of ewes can result  in poor maternal behaviour and poor ewe 

behaviour is an important cause of lamb death (Nowak, 1 996). Dwyer et al. (2003) 

demonstrated that a moderate reduction i n  maternal nutrit ion i n  late pregnancy resu l ted 

in a quantitati ve reduction i n  the expression of maternal behaviours, i n  particular MBS,  

a t  parturi tion under i ntens ive conditions i ndoors. The ame author did not ob erve a 

change i n  neonatal lamb behaviour from the effect of maternal under nutrit ion and 

concluded that neonatal progress was affected by birth weight ( Dwyer et al. , 2003) .  

Nowak ( 1 996) observed a considerable improvement i n  twin lamb bondi ng wi th thei r 

dam and twin lamb surv ival when the mother remained on the bit1h site for a m ini mum 

of 6 hours. Lindsay et al.  ( 1 990) observed that the time spent on the bi rth i te i ncreased 

when ewes with twi ns were on a higher plane of nutri tion 6 weeks before lambing. Putu 

et al. ( 1 988a) observed that pasture condit ions duri ng late pregnancy had no effect on 

time spent by the ewes on the birth site. However twin-beari ng ewes remained on the 

birth site for sign ificant ly longer than ewes with a si ngle lamb. In twin bearing ewe low 

level of nutri tion resu l ted in a higher propm1ion of permanent de ertions of at lea t one 

of thei r twin lambs ( 1 9.2%) compared with ewes on a high level of nutri t ion (4.3%) 

(Putu et  al., 1 988a). If paddock pasture qual i ty and feedi ng levels are good and the 

paddock has adequate shel ter then the ewe wi l l  stay at the bi rth site with her lambs for a 

longer period (Pol lard and Littlejohn, 1 999; Putu et al., 1 988b ) . 

Studies have attempted to define sui table husbandry practices for the i ncreased lambing 

rate and to encourage ewe- lamb attachment and subsequent ly survival immediately after 

birth. In a national survey of farmer practices at lambing, Aspin ( 1 997) identified that 

when selecti ng paddocks for lambing priority considerations were: pasture cover, 

shelter, stocking rate and topography. However these factors were not defi ned. Pol l ard 

and Litt lejohn ( 1 999) i nvestigated shel teri ng behaviour of lambing sheep under 

extens ive conditions and types of shelter did not affect lamb producti v i ty in the one­

year of sntdy, where weather was moderate. They did however observe that least used 

art i ficial shelter were near roadways and human acti v i ty rei nforcing the ewe's  need to 

seek isolation. Ducker and Fraser ( 1 973) investigated husbandry practices i ndoor and 

also compared indoor with outdoor practices at lambing. They concluded from their 

indoor trials that poorer husbandry resulted i n  i ncreased lamb mortal i ty, particu larly 

amongst twin lambs. The ewe- lamb relationship benefits from the absence of 

1 7  



Chapter I 

in terference from flock mates with lambs i ngest ing more colostrum with outdoor 

lambing (Ducker and Fraser, 1 973) .  However for New Zealand condi tions, the effect of 

season and weather on survi val is the most important source of variabi l i ty ( John on et 

al., 1 982; Pol lard and Li t tlejohn, 1 999; McCutcheon et al., 1 98 1  ) .  

S tudies investigati ng the effect of nutri tion on the behaviour of the ewe and lamb are 

scarce and have predominantly been perfo1med on Merinos, which are not natura l ly  

fecund (Putu et  al., 1 988a), under art ificial condi tions (Dwyer et  al. , 2003 ), or have not 

adequately defi ned the behaviours that are affected (Moore et al. , 1 986). 

Many studies have investigated ewe and lamb behaviour and Pol lard ( 1 989) and 

O'Connor et al. ( 1 985) have made a significant contri bution i nvestigat ing ewe and lamb 

behaviour i n  l i tter sizes larger than two under extensive New Zealand condi tions. 

However, this l i terature review highl ights the research deficits that exist and therefore 

this thesis attempts to add to the current l i terature by invest igat ing the management and 

genetic factors which affect maternal and neonatal lamb attachment behaviours for 

larger l i tters under pastoral graz ing conditions and explores thei r re lationship with lamb 

survi val to weaning. 
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2.1 Summary 

Data col lected from 1 8 1  New Zealand sheep farmers were segregated into two groups; a 

high farm group wi th at least 1 50% lambs weaned and a low farm group with less than 

1 50% at weaning. 

The percentage lamb losses per ewe were sim i lar between groups, therefore by 

maintain ing losses s imi lar to the Low group, the High group had greater lamb 

production to wean ing. High lamb rearing success to weaning was observed in both 

groups ( 1 63%, 1 34%) compared to the national average of 1 1 5% to tai l i ng for the 

1 999/2000 season (Anon, 2002), which was not su rprisi ng as high performing sheep 

farmers were surveyed. Both groups identi fied motheli ng abi l i ty as the most important 

factor affect ing lamb surv ival .  

Management practices were investigated to explain how the High farm had greater lamb 

production to weaning. Ewe feeding levels plior to lambing were sim i lar for the two 

groups, however shepherd ing frequency was signi ficant ly higher in the High farm group 

compared wi th the Low farm group and higher compared to shepherd ing frequencies 

reported in earl ier studies (Aspi n, 1 997). I ncreased shepherding frequency ha probably 

led to greater lamb production by maintai n ing low lamb losses i n  the High farm group. 

2.2 Introduction 

A report by McKinnsey and Company recommended that farmers shou ld target an on­

farm producti vity i ncrease of 5% per annum to offset a long-term decrease i n  farm 

product plices (Anon, 2000) .  Thi s  increase wi l l  depend on the adoption of technologies 

and farm management discip l ines used by leading farmers. 

The lamb meat market remai ns strong and has i ncreased from an average 1 999 season 

lamb price of 40.30 to $7 1 .25 for the 200 I season (Anon, 2002 ). Improved lambing 

percentage is the most important factor used to generate higher profi ts on sheep farms 

(Geenty, 1 997). Farmers wanti ng to produce more lambs per ewe mated are usi ng 

highly fecund breeds such as the Fi nnish Landrace and East Friesian, hogget mat ing or 

20 



Chapter 2 

i ncreasing ewe ovulation rate through the use of ferti l i ty treatments. However, an 

i ncrease i n  the number of l ambs born per ewe is only valuable i f  lambs surv ive and 

comes at a cost if pregnancy and lambing are not managed appropriately. 

In 1 98 1  Rohloff and eo-workers surveyed 1 80 Otago and Southland high performance 

flocks ( Rohloff et al., 1 982). The aim of that survey was to assess what management 

changes had accompanied the tise in lambing percentage. Feed supply duri ng lambing 

and early lactation and lamb mortal i ty were the main concerns of farmers with flocks 

exceedi ng 1 50% lambi ng. Lamb mortal i ty ranged from 9.4% for lower lambing 

percentage flocks ( 1 30- 1 49%) to 1 3 .8% for the highest performi ng flocks ( + 1 70 % ) .  

This paper explores current reproductive rates, lamb losses and management practices 

through a survey of sheep farmers with high producing flocks. 

2.3 Materials and Methods 

One hundred and eighty one sheep farmers identified by farm consul tants and breed 

groups took patt i n  a survey. The farmers were achievi ng a high lambi ng percentage for 

their farming conditions. 

The questionnaire was designed and compi led by Ju l ie Everett-Hi ncks, Kev in  Stafford 

and Hugh B lai r  from Massey University. The survey form contained twenty four 

questions and requested that answers be based on 1 999 production figures. Information 

was requested on farm descri ption, sheep selection and cul l i ng pol icies, size and age 

structure of the flock and management pol icy. Lamb production records were requested 

with particular emphasi s on percentage lamb losses, lamb reari ng performance and 

cause of ewe and lamb deaths. 

To objecti vely separate the respondents i nto two groups a cut-off lambing percentage of 

1 50% was used. Data were segregated based ori the Monitor Farm mean for the 1 999 

season plus two standard deviations ( i .e. 1 25% + (2 x 1 3%)), which was 1 50% (Anon, 

1 999). 69% of the respondents had greater than 1 50% lambs weaned per ewe mated, 

whereas 3 1 %  had less than 1 50% at weaning. The groups w i l l  be referred to as High 
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and Low farm groups for the purposes of this chapter. The High and Low farm groups 

were establ ished to determi ne if the High farm group and Low farm group had di fferent 

management practices to keep lamb mortal i ty low. The term lambing percentage used i n  

the survey and i n  thi s  chapter i s  taken as lambs weaned per I 00 ewes mated . 

Farmers were asked to report the percentage of lamb deaths from lambing to 2 day of 

age (stage I )  and from day 2 to weani ng (stage 2) for ewes carrying si ngles, twins and 

tiiplets. They were also asked to estimate the level of imp01tance of l isted factors that 

affect lamb surv ival . If they bel ieved the trai t was not important they scored it I ,  

s l ightly important 2, important 3 ,  very important 4 and extremely important 5 .  

Farmers were asked to describe their sheep management system and name their 'major' 

and 'second ' sheep breeds. Farm management pract ices were reported and the 

proportion of farms acti ve ly partaking i n  specified management practices (e.g. 

shepherding) were recorded. Frequency of shepherding at lambing was also requested. 

The sheep breeds, feed management and trait importance levels were analysed using 

chi-squared procedures by Excel (Microsoft Office). Di fferences between High and 

Low farms for post partuiient lamb losses at di fferent stage were tested by analy is of 

variance using General Linear Model procedures (PROC GLM )  (SAS, 2000) .  

Shepherding frequency at l ambing was analysed usi ng the Student t-test. Outlying 

values were identified and removed usi ng plot procedure methods (PROC 

UNIV ARIA TE PLOT) (SAS; 2000). 

2.4 Results 

From 450 farmers, 1 8 1  (40%) returned the questionnai re and detai ls of these are shown 

in Table 2 . 1 .  The mean lambing percentage at wean ing for al l respondents was 1 43%. 
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Table 2. 1 Summa1y description of farms surveyed. 

High Farms Low Farms 
Parameter Average Range Average Range 
Farm size ( Hectares) 365 33 - 1 675 7 1 1 92 - 25000 
Sheep stock uni ts per farm 3863 556 - 1 8700 4223 407 - 22000 
Lambing % at weaning 1 63% 1 50% - 200% 1 34% 78% - 1 49% 
Cattle stock uni ts per farm 387 0 - 4300 445 0 - 4800 
Deer stock un its per farm 69 0 - 700 75 0 - 2200 
Sheep percentage of total stock units 75% 2 1 % - 1 00% 69% 9% - 1 00% 
Stocking rate over wi nter ( SU/Ha) 1 6.9 6 - 35 1 6.5 I - 55 

A greater proportion of High farms practice hogget mat ing (60 ± 7%) than Low farm 

(45 ± 5%) (P<O. I O). The proportion of farms scanning ewes during pregnancy was 

sim i lar between High (69 ± 6%) and Low (77 ± 2%) farms (P>0.05 ). 

Figure 2. 1 Major sheep breeds on respondents farms. 

I 
I 

High Con-posite 

Coopwonh 

• Low 
Corriedale -

Cross 

Drysdale -
Eas 1 Fries ian ::::J 

Ha I !bred • 
Merino -

Perendale 

Poll Dorset • 
Romney 

Texel p 
5% IO'k 15% 10% 15% 35% �5% 

The major sheep breeds fatmed di ffered s ignificantly between High and Low farms 

when analysed according to farm (Figure 2. 1 )  and heep number ( P<0.05). The majori ty 

of High farm had Coopworth sheep, whi le Low farms had Romneys. Cros e (defined 

as a two breed combi nation) were the second major sheep type farmed, fol lowed by 

Composi tes which were defined as a three or more breed combi nation (Figure 2 . 1 ). 

There were no significant di fferences i n  post-patturient lamb losses, i n  ei ther stage I or 

stage 2, between the High and Low farms (P>0.05) (Figure 2.2). 
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Respondents from both H igh and Low farms considered lamb survi val to be the most 

important trait affecting farm profit .  Both groups of respondents agreed that mothering 

abi l i ty was the most important factor affecting lamb survi val (Table 2.2) .  Respondents 

i n  the High farm group believed breed of lamb to be of least importance whi le those i n  

the Low group bel ieved ram breed to be  of least importance (Table 2.2) . The order of  

factors di ffered between the two groups. 

Figure 2.2 Percentage of post parturient Lamb Losses by litter size and High, Low farm 
(standard error included). 

Lo" High Low l l igh 
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Low High Low l l igh 
SIO!)! I Sl3!l! I SIO!)! 2 Sl3!l! 2 

Twins 

Stage I = lamb losses from birth to 2 days of age. 
Stage 2 = Lamb Losses from 2 days of age to weaning. 

Low High Low High 
sta� I stagt: I sla8'! 2 st� 2 

Triplets 

Table 2.2 The importance of factors affecting lamb survival according to respondents 
from High and Low farm groups. 

High Mean Low Mean p 
Mothering abil i ty 4.5 4.4 ns 
Feed management at lambing t ime 4.3 4.4 ns 
Feed management throughout pregnancy 4.3 4. 1 ns 
Farm management 4.2 4.2 ns 
Ewe health 4. 1 4.3 ns 
Shelter 4 4. 1 ns 
Ewe breed 3.9 3.6 ns 
Ram breed 3.7 3.4 * 
Breed of lamb 3.6 3.6 ns 
ns = not signi ficant ;  *P<0.05 . 
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Fa1mers i n  the Low farm group reported lamb losses of 7% as a d irect result of 'poor 

mothering abi l i ty' up to 2 days of age, compared with 6% reported by the High farm 

group. H igh and Low farm groups estimated that 84% and 8 1 %  respect ively of 

breeding ewes raised al l of their lambs every year. These differences were not 

statistical ly significant (P>0.05). 

There was no signi ficant difference between the High and Low farms in the level of 

feeding from mati ng through to lambing ( P>0.05). 

Figure 2.3 Mean feeding levels for different ewe groups at different stages of pregnancy 
for all the farms surveyed ( Feeding level: I =below maintenance; 2=maintenance and 
3=above maintenance). 
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- M ixed Age Breeding Ewes 01) c: c::::::::J 2-Tooth Breeding Ewes :;:; "' 
- Hoggels (rmled) t1: 2 � 0 -Al- Ewes carrying singles -.; 

> � Ewes carrying twins "' ...J - • - Ewes carrying 1riple1s 
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Ewes were al lowed higher pasture levels at mating t ime than throughout pregnancy 

(Figure 2 .3 ). Two-tooth and mi xed age breeding ewes were on a ri i ng plane of 

nutrit ion between pregnancy scanning and lambing. Mated hoggets were fed the same 

level from pregnancy scanning through to one week prior to lambing and their feed 

al lowance was i ncreased at lambing. Ewes carrying twins or triplets were fed on a 

s imi lar ris ing plane of nutri tion over pregnancy. Ewes carrying a si ngle lamb were 

offered a 1is ing plane of nutri t ion over pregnancy but were fed lower levels than ewes 

with twins or triplets. 
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The maj01ity of farmers ( 80%) shepherded thei r ewes at least once a day duri ng 

lambing. On High farms there was more shepherding at lambi ng than on Low farms 

with al l ewe classes (Figure 2.4). High farms shepherded hoggets with single lambs 

fewer t imes than other groups of ewes (Figure 2.4). 

Figure 2.4 Mean shepherding frequency for sheep raising singles, twins and triplets on 
High and Low farms (standard error included). 
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The difference i n  shepherding frequency between High and Low farms was significant 

for mixed age ewes ( P<O.OO I ), 2-tooth ewes ( P<O.OO I ), hogget twinn ing ( P<0.05) and 

al l tri plet ing ( P<0.05) mobs. 

2.5 Discussion 

As lambing percentages i ncrease, the propo1tion of ewes hav ing si ngles, twins and 

tri plets al ters. Triplets become more prevalent as pro l ificacy i ncreases from 1 .7 lambs 

born per ewe (Amer et al., 1 999). As a general ru le, greater lamb losses are expected 

with trip lets than twins or si ngles (Johnson et al., 1 982; Hinch et al. , 1 983; Scales et al., 

1 986). Lamb losses from both farm groups reported here were low compared to resul ts 
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reported by A pin ( 1 997 ) and Geenty ( 1 997) and s imi lar to Roh loff et al. ( 1 982) .  

Roh loff et al .  ( 1 982)  also reported that lamb morta l i ty i ncreased as lambi ng percentage 

increased. The lack of significant di fferences i n  lamb losses between the H igh and Low 

farms i n  this study suggests that lamb-rearing abi l i ty to weaning was superior on the 

High farms. lncreased shepherding at lambi ng by the High farmer may have reduced 

lamb mortal i ty and i ncreased the number of lambs weaned so that mortal i ty rate were 

comparable with Low farms. 

Farmers surveyed by Rohloff and eo-workers twenty years ago, attri buted the i ncrease 

in lambing performance to the Coopw01th breed ( Rohloff et al., 1 982)  and Coopworths 

were the predominant ewe breed on High farms in this study. Chapter 3 further 

investigate lamb reari ng performance and motheri ng abi l i ty in the Coopworth breed. 

Genetic parameters for maternal behaviour score, l i t ter and lamb surv i val  were 

estimated i n  Carthews Coopworth flock where there has been selection for i mproved 

mothering abi l i ty and lamb survi val for nearly three decades (Chapter 3 ) .  

Aspin ( 1 997)  reported that 1 2% of farmers i n  the MRDC survey mated hoggets and 

54% had used pregnancy scanning. In our study a larger proportion of High fanns 

mated hoggets (High: 60%; Low 45%) and approximately 70% of al l farmer pregnancy 

scanned thei r breeding ewes. 

Farmers in the High farm group reported lower lamb losses as a resu l t  of poor 

mothering abi l i ty than farmer in the Low farm group, but this di fference was not 

stati stical ly s ignificant. O'Connor et al. ( 1 985) reported an i ncrea e in maternal 

behaviour score wi th an i ncrease in l i tter size. Maternal behaviour score (MBS)  is an 

indicator of mothering abi l i ty and measures the ewe' s respon e to the shepherd when 

her lambs are caught for tagging. The non-sign i ficant trend in improved mothering 

abi l ity in the H igh farm group, might be part ly explained by an i ncreased l i tter size and 

a greater acceptance of the shepherd, from i ncreased shepherding exposure, leading to 

lower lamb losses. Chapter 3 i nvestigates the effect of maternal behaviour score on 

lamb and l i tter surv i val and i nvestigates factors that i nfluence maternal behaviour score 

such as l i tter s ize and dam age. 
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Increased shepherding in tensity at lambing improves reari ng success and as a 

consequence i s  encouraged by animal wel fare groups (Geenty, 1 997). The High group 

farmers shepherded more than Low group farmers. Aspin ( 1 997) repo11ed that 62% of 

respondents surveyed in  1 995 shepherded their ewes duri ng lambing and this had 

i ncreased to 80% i n  this study. Increased shepherding may be associated with i ncreased 

lamb plices. This  survey targeted high perform ing sheep farms and i f  they can be 

considered a representation of the sheep farmer popu lation, the resul ts presented here 

translate to a 1 2% i ncrease i n  shepherding at lambi ng i n  four years. 

Increased shepherding at lambi ng may need to be reviewed when farming more emot ive 

and/or di fferent sheep breeds and when feeding levels are low at lambing, as lamb 

desertion may be more prevalent under these condi tions leading to higher lamb losses . 

The effect of feeding level before and at lambing on motheri ng abi l i ty and lamb realing 

performance were i nvestigated in Chapter 9. 

2.6 Conclusions 

An improvement in lamb survi val is possib le for the nat ional flock if genet ics for lamb 

rearing abi l i ty and management practices are recmited from high performing sheep 

farms. In particu lar, shepherding frequency at lambing may be the primary management 

reason why sign i ficantly more lambs were weaned per I 00 ewes mated in the High farm 

group. 

This survey pre ents a snapshot of i ndustry practices and the i nformation gathered must 

be interpreted with caution . 
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The effect of ewe maternal behaviour 

score on lamb and litter survival 

Photograph taken by Julie Everett-Hincks 
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3. 1 Summary 

The study was can·ied out on a commercial New Zealand sheep farm with high ewe 

reproduct ive rates and lamb survi val produced through i ntensi ve selection in its 

Coopworth flock for maternal abi l i ty. 

Heri tab i l i ty and repeatabi l i ty est imates were derived for ewe maternal behaviour score 

(MBS)  and l i tter survival (LIS) .  Heri tabi l ity est imates were derived for lamb survival as 

a trai t of the lamb (LAS) over a l l  lambs, for twin (LAS2) and for triplet (LAS3) lambs. 

MBS and LIS were measured on 1 954 dams, for a maximum of four pari ties: 1 997, 

1 998, 1 999 and 2000. MBS was measured at tagging on a 5-point scale ( I  =poor, 

5=excel lent), when the dam's lambs were between 1 2  and 36 hours old. The mean MBS 

in  this study was 3.3 and i ncreased with l i tter size. L IS was measured from bi rth to 

weani ng. Mean l i tter surv i val was 83%. LIS i ncreased signi ficantly as MBS increased 

( P<O.O I ) . LIS decreased as the size of the l i tter i ncreased (P<O.O I ) . Age of dam was a 

non-significant effect on LIS (P>0.05 ). 

LAS was measured from bi 11h to weaning on 4 1 7 1  Coopworth l ambs. Mean LAS was 

higher for lambs born as twins compared to lambs born as singles and lowest for lambs 

born as t1iplets (P<O.O I ) . LAS was lower for lambs born to dams aged 2 years. This 

effect was sign i ficant for al l lambs, regard less of l i tter size at b irth and for the triplet 

lamb dataset (P<O.O I ) . The effects of age of dam and sex of lamb on twin lamb survival 

were not signi ficant (P>0.05 ). Ewe lamb survi val rate was higher when compared to 

ram lambs in the fu l l  dataset, however the relationship was reversed for the triplet lamb 

dataset where ram lamb survi val was greatest (P<O.O I ) . LAS decreased as the MBS of 

its dam i ncreased (P<O.O I ) . The relationship was sign ificant for lambs in the fu l l  dataset 

and twi n dataset (P<0.05 ). 

M BS and LIS were under min imal genetic contro l .  The heritabi l i ty and repeatabi l ity for 

M BS were 0.05 and 0.07 respecti ve ly. The heritab i l i ty and repeatabi l i ty for dam LIS 

were 0.0 and 0. 1 1 . Heri tabi l i ty for LAS over al l lambs attri buted to d i rect effects was 

0. 1 4  while the heritabi l i ty attributed to maternal effects was 0. 1 1 . The heritabi l i ty for 

twi n (LAS2) and triplet ( LAS3) lamb survi val di ffered . Heritabi l i ty attributed to direct 
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and maternal effects were 0.0 and 0.2 1 respecti ve ly for twin lambs and 0.08 and 0. 1 6  

re pecti ve ly  for trip lets. 

The genetic correlation between maternal and di rect effect for LAS was -0.74. I t  is 

pos i ble that the genes that regulate physio logical and biochemical proce e for 

survival are i ncompat ible with the genes that enhance ewe- lamb bondi ng. For example 

the genes that regulate the physiological factors to reduce gregariousne s at parturit ion 

may i n  fact be the same genes that encourage i olation i n  the neonate from i t  

l i ttermates and dam. 

There i s  m in imal genetic variation i n  this flock for lamb surv ival and maternal traits. 

Low genetic variation suggests that selection w i l l  be i neffective and that farmers mu t 

consider environment and management techniques for improving lamb surv ival . 

3.2 Introduction 

In New Zealand, many sheep breeders have selected and bred ewes for i ncrea ed 

fecundity trai t over the last two decades. The relationship between lambing rate and 

lamb survi val is poorly understood i n  highly fecund ewes. Davis et al. ( 1 983)  reported 

that the rat io of ewes hav ing si ngles and twins changed as l i tter size i ncreased to 1 .7 

lambs per ewe. Triplets replace si ngles as l i tter size i ncrea es above 1 .7 lambs per ewe. 

This i ncrease in tri plets i of concern to farmer . Twi n  and triplet born lambs have 

higher mortal i ty rates than si ngles (Hal l  et al. , 1 988). Lamb survival i a problem with 

up to 30% of lambs dying between pregnancy scanning and tai l ing (A pin, 1 997).  This 

level of l amb mortal i ty is not acceptable from a production and animal wel fare 

perspecti ve. 

There has been some selection for traits thought to improve lamb surv i val , such as the 

maternal behaviour core (MBS), described by O'Connor et al. ( 1 985) .  A better 

understanding of the re lationship between lamb survival and maternal behaviour is 

cri tical for the development of sustainable breedi ng programmes (S imm et al . ,  1 996). 

However, few farms in New Zealand have i ncorporated MBS into thei r ewe election 

and cu l l i ng programmes. 
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The objectives of this study were to investigate the effect of maternal behaviour score 

( MBS) on l i tter (LIS)  and lamb survival ( LAS) for Coopwotth ewes and to estimate the 

hetitab i l i ty and repeatabi l i ty for MBS, LIS and LAS . The genetic correlat ion between 

maternal and direct effects for lamb surv i val was also estimated. 

3.3 Materials and Methods 

3 .3 . 1 Background 

The Catthew fami l y  run a stud and commercial sheep operation in the Wairarapa region 

of New Zealand. Their predomi nant objecti ve is to improve the maternal abi l i ty of thei r 

ewes. They have been selecti ng Coopworth ewes for motheri ng abi l ity si nce 1 974 when 

they recognised the need for good mothering abi l i ty to ensure lamb survi val in thei r 

high perform ing sheep management system. 

3 . 3 .2 Animals and Measurements 

A Maternal Behaviour Score ( M BS) s imi lar to that described by O'Connor et al. ( 1 985) 

was recorded on Coopw01th dams. The M BS was scored on a 5-poi nt scale based on the 

di stance a ewe retreats from her lambs when the shepherd is tagging them (Table 3 . 1 ). 

This scoring system has been used on this flock for over 25 years and ewes wi th an 

MBS of I have been cul led annual ly .  Due to low subclass numbers M BS were grouped 

into three categories; scores I and 2 were grouped, MBS 3 stayed as it was and scores 4 

and 5 were grouped. 

Table 3. 1 The maternal behaviour scores at tagging and the number of animals used in 
this study. 

Description of Maternal Behaviour Score ( MBS) 

Ewe flees at  the approach of the shepherd, shows 
no interest in the lambs and does not return 
Ewe retreats further than I 0 metres but comes 
back to her lambs as the shepherd leaves them 
Ewe retreats to such a d istance that tag 
ident i fication is d i fficu l t  ( 5- I  0 metres) 
Ewe retreats but stays within 5 metres 

Ewe stays c lose to the shepherd during hand l i ng 
of her lambs 

as described by O'Connor et al. ( 1 985) .  
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Litter surv ival (LIS)  was measured from birth to weani ng i n  Coopworth dams (n= l 954). 

LIS was calculated by dividing l i tter size at weani ng by l i tter size at bi rth and recorded 

as a percentage. 

Lamb survival as a trait of the lamb ( LAS) was calculated from birth to weaning. Lambs 

were tagged between 1 2  and 36 hours after bi rth . Lambs that survived to weani ng were 

given a score of ' I '  whi le those that did not were gi ven a score of '0' . LAS was 

recorded for Coopworth lambs (n=4 1 7 1  ). 

3 .3 .3 Statistical Analyses 

Animal performance records from the Sheep Improvement Limited (S IL) national sheep 

recording database and lambing books from the Carthew' s  were used to generate data 

sets with which to calcu late genetic parameters for M BS,  LIS and LAS. S I L  is a join t  

venture Meat and Wool Board company which combi nes the three previous New 

Zealand recording schemes Studfax, Ani malplan and FlockLi nc (MacGi l l i vray, 2000). 

Data were edited to remove miss ing records and recording errors. The fi nal dataset 

consi sted of 1 954 dams with MBS and LIS values and 4 1 7 1  lambs with LAS records. 

Four years of lambing data, from 1 997-2000, were i nc luded in the analyses. A pedigree 

fi le containing the si re, dam, and paternal and maternal grandparents of each animal was 

used to form a relationship matri x .  Variance and covariance components were esti mated 

usi ng ASREML (Gi lmour et al., 1 998 ). 

The model for MBS inc luded the fixed effects of parturi tion group, age of dam at 

parturi tion and l i tter size at b irth. The model also i nc luded animal and permanent 

environmental random effects. Parturi tion group was derived by grouping the lamb birth 

dates in to 4 to 6 ten-day periods depending on the lambi ng spread in each year. Due to 

low subclass numbers, animals 6 years of age and older were grouped i nto age group 6. 

The model for LIS i nc luded the fi xed effects of parturi tion group, age of dam, l itter s ize 

at birth, MBS and animal and permanent environmental random effects. 
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Separate analyses were performed for l amb survi val from bi rth to weaning as fol lows: 

I .  Lamb survi val records for si ngle, twi n and trip let l ambs (n=4 1 7 1 )  were 

analysed together to provide genetic parameter estimates over al l  l ambs born 

(LAS) .  

2 .  Lamb survi val records for twi n l ambs (n=2658) were analysed separate ly to 

provide genetic parameter est imates (LAS2). 

3. Lamb survi val records for tri plet lambs (n= 1 209) were analysed separatel y  to 

provide genetic parameter est imates (LAS3). 

The model for LAS included the fixed effects of l i tter size at b irth, b irth year of lamb, 

sex of lamb, age of dam and MBS .  Li tter s ize at birth i nc ludes l i tters of si ngles, twins 

and tri plets. A l l  dams older than 2 years of age were grouped i nto age group 3. Random 

effects i nc luded a direct addi ti ve genetic effect and a maternal genetic effect. Estimates 

of (co)variance components were obtained after logit transformation. Logit 

transformation was necessary as LAS is a binary trai t, lambs that do not survi ve to 

weani ng are recorded as '0' whereas lambs that surv ive are recorded as ' I ' . The models  

for LAS2 and LAS3 differed from that of LAS in  that they d id not i nc lude the fixed 

effect of l i tter s ize at b irth . 

Heritabi l i ties, repeatabi l i t ies and genetic correlations were calculated from the variance 

components produced by ASREML (Gi lmour et al., 1 998). The total heritab i l i ty was 

obtai ned by summing the genetic variances attributed to direct and maternal effects and 

the d irect-maternal covariance. The total heritabi l i ty reflects the resemblance between 

parents and offspri ng after al lowing for the covariance between direct and maternal 

effects . Fai lure to account for the negati ve covariance between d irect and maternal 

effects for lamb survival would have resu l ted in i n flated heritabi l i ty estimates. 

3.4 Results 

3 .4. 1 Environmental Effects on M B S  and LIS 

The mean MBS in  this study was 3 .3 (± 0.036). MBS was re lat ively consi stent for ewe 

age groups I to 5 years (Table 3 .2) .  MBS  i ncreased with i ncreasing l i tter size (P<0.05 ) 

(Table 3 .3) .  Mean MBS did not change throughout lambing i n  1 997, 1 998, 1 999 and 
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2000 (MBS 3 .2 to 3 .3 ), however i n  2000 MBS tended to i ncrease from late September 

(MBS 3 .6 ± 0.05 ) through to the end of lambing ( MBS 3.8 ± 0.07) .  This coi ncided with 

an i ncrease i n  shepherding intensity, which was not a factor of previous years analysed 

in this study. 

Mean LIS  over al l dams was 82.7% (± 1 .5) .  Litter survi val tended to i ncrease from age 

2 to 4 years and then decrease (Table 3 .2 )  (P>0.05 ) .  LIS decreased as l i tter size 

i ncreased ( P<O.O I )  (Table 3 .3) .  LIS wa lowest for the first half of the 2000 lambing 

season (70% ± 0.20) (P<O.O I ) . This coi ncided with stormy weather, which was not a 

factor of the previous lambing years analysed i n  this study. 

Table 3.2 The effect of age of dam on maternal behaviour score and litter survival ( least 

squares mean :f: standard error). 

Dam Age ( Years) Number of dams LIS MBS 
I 72 82.5% ± 3. 1 3. 1 8 ± 0.052 
2 684 80. 1 %  ± 1 .6 3 . 1 6 ± 0.033 
3 440 82.6% ± 1 .7 3. 1 9 ± 0.034 
4 379 85.3% ± 1 .8 3.2 1 ± 0.035 
5 233 84.2% ± 1 .9 3. 1 9  ± 0.037 

6 +  1 46 8 1 .3% ± 2.3 3.32 ± 0.043 

Table 3.3 The effect of litter size at birth on maternal behaviour score and litter survival 

( least squares mean :f: standard error). 

Litter size at birth 
I 
2 

3 

Number of dams 
260 
1 239 
455 

LIS 

89% ± 1 .9 
85% ± 1 .6 
75% ± 1 .6 

MBS 

3 . 1 3  ± 0.029 
3. 1 1  ± 0.023 

3.2 1 ± 0.025 

US i ncreased with i ncreasing MBS (P<O.O I )  ( Figure 3. 1 ) . A substantial improvement 

in LIS was observed in dams with an MBS of 3 compared to dams with an MBS of I 

and 2. An i ncrease i n  MBS above 3 has a min imal effect on l i tter urv i va l .  
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Figure 3. 1 The e
f
fect of maternal behaviour score (M BS) on litter survival (LIS) (Least 

square means and standard errors). 
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3 .4.2 Environmental Effects on Lamb Survival 

I 

4 and 5 

Li tter s ize at bi rth, age of dam, sex of lamb, bi rth year of l amb and MBS had a 

significant effect on LAS over a l l  lambs (P<O.O I ) . LAS was highest for twin lambs and 

lowest for triplets (Table 3 .4). LAS was 86% for lambs born to ewes 2 years of age and 

younger and 9 1 %  for l ambs born to ewes older than 2 years. This trend was observed i n  

dams with triplets but not for dams with twins (Table 3 .4). LAS to wean ing was 89% 

for ewe lambs and 88% for ram lambs ( P<O.O I ) . Ewe lamb survi vat was higher than 

ram lamb survi val for all lambs, however the relationship was reversed for triplets 

( P<O.O I ) . The birth year of lamb had a s ignificant effect on LAS,  LAS2 and LAS3 

(Table 3 .4) .  Lamb survival was lowest i n  the 2000 lambing year, which coincided with 

prevalent stonny weather that was not a factor of previous years in thi s  study. 
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Table 3.4 The effect of age of dam, sex of lamb and birth year of lamb on lamb survival 

from birth to weaning ( least squares mean :t standard error). 

LAS (a l l )  LAS2 ( twi n )  LAS3 ( triplet ) 
Number of records 4 1 7 1  2658 1 209 
Overal l  LAS mean 89% ± 1 .5 94% ± 0.9 78% ± 3. 1 

Dam age 2 year and younger 86% ± 1 .9 93% ± 1 .3 73� ± 4.3 
Dam age 3 years and older 9 1 % ± 1 .3 94% ± 0.9 82% ± 2.9 
P (dam age) ** ns ** 

Ram lambs 88% ± 1 .7 93% ± 1 .2 79% ± 3.4 
Ewe lambs 89% ± 1 .5 94% ± 1 .0 76% ± 3.6 
P ( lamb sex )  * *  ns * *  

1 997 92% ± 1 .8 96% ± 1 .0 79% ± 4.9 
1 998 89% ± 1 .9 94% ± 1 .3 77� ± 5 .2  
1 999 92% ± 1 .6 95% ± 1 .2 84% ± 3.6 
2000 78% ± 2.9 86% ± 1 .7 68% ± 4.2 
P (birth year) ** * *  * *  
ns = not significant at P=0.05, * P<0.05, * *  P<O.O I .  

LAS decrea ed as the MBS of the lamb' dam increa ed (Figure 3 .2 ). This relationship 

wa sign i ficant for al l flock lamb and for twins. A major decrea e in lamb urvi val was 

observed i n  lambs who e dam had an MBS of 3 compared to those wi th an MBS of I or 

2. Standard errors were large for MBS re lati ng to triplet lamb surv ival .  

Figure 3.2 The effect of maternal behaviour score (MBS) on Lamb survival from birth to 
weaning (least squares mean :t standard error). 
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3 .4.3 Genetic Parameters for MBS and LIS 

Genetic parameters for MBS and LIS are shown in Table 3 .5 .  Both heritab i l i ty and 

repeatabi l i ty for MBS and LIS were low. The low repeatabi l i ties i ndicat ing that a dam 

with a high MBS or LIS in one lambi ng year is un l ikely to have the same MBS or LIS 

i n  subsequent lambing years. MBS exhibits low genetic variation (Table 3 .5 ), with 

temporary environmental effects accounti ng for 93% of the total variation. The major 

source of variation in LIS also appears to be due to temporary environmental effects, 

which accounted for 89% of the total variation. 

Table 3.5 Estimated variance components for maternal behaviour score ( MBS) and 
litter survival (LIS) (standard error included). 

Dam Traits: MBS LIS 
Number of records 1 954 1 954 
Number of sires used 55 55 
Trait mean :u 1 ± 0.036 82.7% ± 1 .5 

? <r permanent environment 0.00 1 5  ± 0.004 0.005 ± 0.002 
1 a- genetic 0.005 ± 0.003 0.000 ± 0.000 

a2 total animal 0.007 ± 0.003 0.005 ± 0.002 
1 a- temporary environment 0.088 ± 0.004 0.039 ± 0.002 

a
2

total phenotypic 0.095 ± 0.003 0.044 ± 0.00 I 
h2 direct 0.05 ± 0.034 0.00 ± 0.00 
Repeatabi l i ty 0.07 ± 0.036 0. 1 1  ± 0.038 

3 .4.4 Genetic Parameters for Lamb Survival 

Variance and covariance component est imates for LAS, LAS2 and LAS3 are presented 

in Table 3 .6. For LAS the heritabi l i ty attributed to d i rect effects was 0. 1 4  whi le the 

heritabi l ity attributed to maternal effects (expressed when the ewe lamb produces 

progeny of her own) was 0. 1 1 . The genetic correlation between maternal and di rect 

effects for LAS was -0.74. 

The heritabi l i ty for LAS2 differed from LAS3 (Table 3 .6) .  The heri tabi l i ty attributed to 

direct effects was 0.0 for LAS2 and 0.08 for LAS3.  The heritab i l ity attributed to 

maternal effects for LAS2 was 0.2 1 ,  h igher than that found for LAS3 (0. 1 6) .  
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Table 3.6 Estimated variance components for lamb survival from birth to weaning 
(standard error included). 

Lamb Traits: LAS ( a l l )  LAS2 ( twi n )  LAS3 ( triplet) 
Number of records 4 1 7 1  2658 1 209 
Number of sires used 55 54 46 
cr

2 
direct animal 0.55 ± 0. 1 88 0 ± 0  0.28 ± 0.258 

cr
2 

genetic maternal 0.43 ± 0.232 0.79 ± 0.37 1 0.59 ± 0.408 

cr direct maternal covariance -0.36 ± 0.223 -0.22 ± 0.293 -0.49 ± 0.40 I 
cr

2 
total genetic 0.62 ± 0. 1 58 0.58 ± 0. 1 98 0. 1 0  ± 0.052 

cr
2 

total phenotypic 3.9 1 ± 0. 1 58 3.87 ± 0. 1 98 3.67 ± 0.2 1 2  
h2 d irect 0. 1 4 ± 0.044 0 ± 0  0.08 ± 0.067 
h2 maternal 0. 1 1  ± 0.057 0.2 1 ± 0.09 0. 1 6 ± 0. 1 07 
h

2 
total 0. 1 6  ± 0.034 0. 1 5  ± 0.044 0. 1 0 ±  0.052 

Correlation direct and maternal -0.74 ± 0.26 not estimable - 1 .20 ± 0.495 

3.5 Discussion 

In this study a ewe's  motheri ng abi l i ty was assessed when she was g iven a maternal 

behaviour score (MBS)  at tagging t ime. This is repre ented as PMss in Figure 3.3.  

Figure 3.3 provides a summary of the genetic pathways for M BS,  LIS and LAS .  Other 

i ndicators for maternal abi l i ty, measured at tagging and at weaning are represented by 

PMA .  these behavioural and physiological factors require further work to determi ne i f  

they have a genetic component (GMA) . The phenotypes for L I S  as a parent and LAS for 

the progeny are i l l ustrated in Figure 3.3 as Pus and PLAS respectively. Figure 3.3 

demonstrates that some of the same temporary environmental factor ( EMss) that 

influence PMss also contribute to Pus generat ing the posit ive relationship seen between 

PMss and Pus in Figure 3. 1 .  Maternal genetic variation for lamb survival i expressed a 

generation later i n  the ewe's MBS phenotype c PMss) and fu l l y  expressed i n  the ewe's 

LIS phenotype ( Pus).  The negati ve covariance in direct and maternal effects part ly 

explains the phenotypic re lationship seen i n  Figure 3.2.  LAS c PLAs) tended to decrea e 

as MBS ( PMss) of the lamb's dam increased. However standard errors associated with 

LAS3 means were large due to low numbers of triplet lambs born to dams with high and 

low maternal behaviour scores. However, this trend hould not be overlooked, as the 

M BS cou ld be an indirect i ndicator for lamb lethargy as ob erved in triplet whose 

development has been restricted by the maternal environment. It may be that lambs born 

with higher levels of v i ta l i ty form stronger dam-lamb bonds i n  a shorter t ime and 

therefore have moved off the bi rth site sooner. This requ ires further i nvestigation. 
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Figure 3.3 The genetic pathways for maternal behaviour score (M BS ), litter survival 
(LIS) and lamb survival to weaning (lAS). 
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G = Genotype for the trait specified (assuming that Y2 genes each are from the sire 
and the dam), P=Phenotype, £=Environmental effects and rg = genetic correlation 
between direct and maternal efj'ects. rg ? = genetic correlation between parent and 
progeny traits unknown and requires future investigation. The genotype for maternal 
ability (MA) is also unknown and also warrants investigation. Symbols with 
superscript A refer to all lambs (singles, twins and triplets), superscript 2 refer to 
lambs born as a twin and superscript 3 refers to lambs born as a triplet. 

The farm investigated i n  this study has been using the MBS as a dam selection criterion 

for nearly 30 years. Lamb survival rates were high compared to the national average of 

around 80% (Geenty, 1 997; Aspin, 1 997) .  Therefore, prolonged use of the MBS system 

has most probably led to the high survi val rates experienced on this farm, pa1ticularly i n  

twi n lambs (94%). 

The heritabi l i ty esti mate for MBS in  this study i s  less than that reported by Lambe et al. 

(200 I )  but they i nvestigated the use of the MBS i n  two flocks previous ly unselected for 

the trait. Lambe's  team reported larger genetic and permanent envi ronmental  variances 

for MBS,  wi th a heri tabi l i ty of 0. 1 3  and a repeatab i l i ty of 0.32. In the cun·ent study 

animals with an MBS of I were cul led from the flock each year, thus censoring the data. 

In an effort to i dentify the effect of censori ng, the data were modified to inc lude dams, 
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which were cul led on M BS,  i n  the fol lowing year with their MBS i ncreased to 2 .  The 

permanent environmental variance i ncreased from 0.00 1 5  to 0.0095, i ncreas ing the 

repeatab i l i ty from 0.07 to 0. 1 9. The heti tabi l i ty remained unchanged at 0.05. Therefore 

the low heritabi l i ty found i n  this study does not appear to be the resu l t  of censored data. 

The MBS of Lambe et al. (200 I )  di ffered from our study i n  that it was assessed on a 6-

point scale with a mean of 4.0 and 4.3 for farm I and 2 respectively and maternal 

grandparents were unknown in thei r genetic analyses. The level of fecundi ty and l i tter 

survival in the flock analysed by Lam be et al. (200 I )  were di fferent to the flock used i n  

this study. The average l itter s ize for Lambe's  flock was 1 .34 lambs pe r  dam compared 

with 1 .8 in this study, whi l st l iner surv ival to wean ing was approx imately 80% 

compared to Carthews flock mean of 83%. The flock investigated in this study had 

larger l i tters at weaning compared with Lambe's  flock. 

Researchers have attempted to predict the heritabi l i ty and repeatabi l i ty of reari ng abi l i ty 

(Piper et al., 1 982; Haughey, 1 984), however no estimates have been derived from 

ani mal performance records . When Morris et al. ( 1 996) treated lamb survival data as a 

trai t of the dam instead of the l amb, they reported the heri tab i l i ty for lamb survival to be 

very low (0.02). In  this study the genetic and permanent environmental variance 

estimated for MBS and LIS were both smal l suggesti ng that the major source of 

variation in these traits was due to temporary environmental effects. For example, 

stormy weather was a major factor affecti ng l i t ter surv ival in the year 2000. Changes to 

shepherding i ntensity can also be considered a temporary envi ronmental effect. MBS 

increased across the flock as  the lambi ng period progressed and as  the ewe became 

more fami l iar to human i nterference through i ncreased shepherding. 

Estimates of total heri tab i l i ty (d irect + genetic maternal + d i rect-maternal covariance) 

for preweaning lamb survi val were greater than that reported by Morri et al. (2000) 

(0.029) and Lopez-V i l la lobos and Ganick ( 1 999) (0.042). Lopez-V i l lalobo and 

Garrick ( 1 999) esti mated the value for maternal permanent envi ronmental variance to 

be 0.353 using a logi t scale, which accounted for 9% of the total variation. Thi s  again 

suggests that the temporary environmental component of the materna l  effect i s  the main 

contributor to variation i n  lamb survi val . Assuming the permanent environment 

accounts for 9% of the total variation in the current study, the temporary environment 

accounts for around 75% of the total variation in LAS and LAS2. However for LAS3 
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the temporary environmental component accounts for 88% of the total variation, 

reaffi rming the heightened i mportance of the environment for triplet lamb surv ival .  

For twin lambs genetic variation attributed to direct effects i s  zero whi lst genet ic 

variation attributed to maternal effects (expressed a generation later) i s  0.2 1 and higher 

than that for triplets. The reason for the di fference in proportions of variation attributed 

to direct effects and maternal effects in twins and trip lets is unclear. However it can be 

assumed that a s ignificant l i mi t ing factor for a twi n  lamb' s prenatal and postnatal 

growth and survi val i s  its genotype rather than the maternal environment. The ewe has 

two uteri ne horns and two teats; therefore the breedi ng ewe has the physical capabi l i ty 

to manage a l i tter s ize of two. McDonald et al. ( 1 98 1 )  reported that triplet and quad 

foetuses were more variable i n  weight wi thi n l i tters than were twi ns. The di fference 

i ncreased with foetal age and was attributed to i ncreased competit ion between foetuses 

that were located within the same horn of the uterus. The relat ive ly low variabi l i ty i n  

weight between twins i s  most l i ke ly because i n  most twin l i tters there i s  on ly one foetus 

in each horn of the uterus. In triplet l i t ters one foetus may be alone in a horn with the 

other two in the other horn . Therefore the maternal environment, from conception 

through to weaning, is the l imi t ing factor for triplet lamb surv iva l .  As energy demands 

and appeti tes i ncrease, competition for placental nutrients and mothers mi lk  becomes 

more acute and triplet lambs draw on thei r own genetics to survi ve rather than rely on 

the maternal genetics of their dam to ensure thei r surv ival .  

The genetic correlation between d i rect and maternal genetic effects for LAS in  this 

study (-0.74) was greater than the value ( -0.257)  reported by Lopez-V i l lalobos and 

Garrick ( 1 999) .  The negati ve correlation between direct and maternal effects for lamb 

survi val suggests that selection for animals with superior survival  to weani ng have 

inferior genes for surv ival of thei r own progeny when they become mothers. Within 

breed opportuni ties for genetic improvement of lamb survival wi l l  be l imi ted by the 

magn itude of this correlation. Greater genetic improvement might be possible by 

developing separate selection strategies for two l ines or breeds, which cou ld then be 

crossed for maximum benefit .  

The lamb survi val trait recorded i n  its current form requi res review. Current ly  the trai t i s  

a binary trait; a lamb is either gi ven a score 0 or  I .  Lambs that surv ive to weani ng are 
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given a score of ' I '  whi le those that do not are gi ven a '0' . The trai t is observed over a 

I 00 day period ,  from day of birth to weaning, therefore temporary envi ronmental effects 

make up nearly 90% of the variation in lamb surv ival and I 00% in l i tter survival . 

Numerous envi ronmental factors infl uence lamb and l i tter survival over thi period 

i nc ludi ng weather and stock management practices and explai n why previously reported 

estimates for lamb survival have been low and genetic improvement l im i ted. Animal 

selection programmes have adjusted lamb survival for l i tter size, however previously 

ewe l i tter size rarely exceeded two lambs whereas over the past two decades selection 

has been for i ncreasing l i tter size with l i tters of two and three lambs now common . Thi s 

study has shown that genetic and environmental variation differs for lambs born as a 

twin or t ri plet and environmental effects play a greater part i n  triplet lamb survi val than 

twi n  lamb surv ival .  Therefore greater genetic improvement is  possible if genetic 

parameters for lamb survi val are separately esti mated for ewes with a s i ngle lamb, twins 

and trip lets. 

MBS gi ves an i ndication of a dam's degree of attachment to her lambs and/or birth s i te 

versus her attachment to the flock i n  the first one to two days fol lowing parturi t ion 

when challenged with human presence. ln the wild, females of some ungulate species, 

which are normal ly highly gregarious, seek social and spatial isolation prior to 

parturi tion. The period of seclusion may last from several hours up to 2 weeks 

( Langbei n et al., 1 998). This spatial isolation from the flock may aid the development of 

the dam-young attachment. It is  possible that the genes that regulate physiological and 

biochemical processes for surv ival are i ncompat ib le wi th the genes that enhance dam­

lamb bonding. For example the genes that regu late the physiological factors to reduce 

gregariousness may i n  fact be the same genes that encourage i solation i n  the neonate 

from i ts l i t termates and dam. Early separation of the lamb from the ewe affects the 

humoral immune response and later performance of the lamb and is possibly the 

consequence of a reduced abi l i ty of young animals to cope with emotional and 

nutri tional stresses (Napol i tano et al. , 1 995). Emotional stress i nfluences the behaviour 

of young animals more markedly  than older animals. The behaviour of both ewes and 

lambs need to be considered as it wou ld seem that i t  is  not necessari ly  'poor' maternal 

behaviour but inapproptiate lamb behaviour that i s a l imi ti ng factor i n  t ri plet lamb 

survival (O'Connor and Lawrence, 1 992a; Chapter 9) .  
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This  study has highl ighted the importance of temporary environmental effects on al l 

trai ts i nvestigated and emphasi ses the need to identi fy the management practices around 

lambing that enhance lamb survi val , in patticu lar triplet lamb survi val (see Chapter 4 

and 9). LIS i n  this study was measured from bi tth to weaning and i s  a true measure of a 

dam ' s  lamb reari ng abi l i ty whereas the MBS i s  on ly an i ndicator of lamb rearing abi l i ty. 

LIS did i ncrease wi th an i ncrease in MBS and Lam be et al.  (200 I )  reported s ignificantly 

more lambs dying before wean ing from ewes with a MBS of I .  O'Connor et al. ( 1 985)  

suggested that an MBS i ncrease with l i tter s ize may represent a stimulation of maternal 

behaviour by addi tional lambs. H i nch ( 1 989) reported that at a l l  ages si ngle lambs were 

usual ly flllther from their dams than were mu ltiples . 

Ewe-lamb attachment and lamb survival are max imised by management practices that 

i ncrease the t ime spent at the birth i te by the dam after parturi tion and ensure that the 

approptiate i nteractions occur between the dam and her lambs on the birth s i te (Nowak, 

1 996) .  Bonding and consequently survival of twins can be considerably improved i f  

dams remai n on the bi rth s i te for a min imum of 6 hours (Murphy et al. , 1 994a). I f  

pasture quality and feeding levels are good and the paddock has adequate shelter then 

the ewe wi l l  stay at the birth site with her lambs for a longer period (Pol lard and 

Litt lejohn, 1 999). Temporary environmental effects, such as paddock design, feeding 

levels and shelter avai labi l i ty requi re further i nvestigation to determine their effect on 

lamb and l i tter survival .  The effect of feeding levels before and at lambing on lamb and 

l i tter survi val is i nvestigated in Chapter 9. 

As suggested by Murphy et al. ( 1 994a), i t  is not so much that the dam is  on the birth s i te 

for 6 hours after parturi tion that improves lamb survi val but s imply the fact that the dam 

is together with a l l  of her lambs. It is accepted that separation of a lamb from the l i tter i s  

detrimental to i ts survi val . Nowak and Li ndsay ( 1 992 ) concluded that the abi l i ty of twin 

lambs to discrimi nate thei r dams from al ien ewes 1 2  hours after bi tth is re lated to 

survi val during the neonatal period. Lamb and maternal behaviour shou ld be 

investigated conjoint ly to identi fy the physiological factors that have the greatest impact 

on the formation of a successful ewe-lamb bond. 

Selection for maternal behaviour at taggi ng may have led to behavioural adaptations i n  

the flock studied. In  this flock, poor mothers, as identi fied by the MBS system, were 
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cu l led from the performance-recorded flock. Individuals that are best adapted to their 

current environment surv ive and reproduce, passing on the attributes they po sess to 

future generations through thei r genes and/or their abi l i ty to teach thei r young. The 

formation of the ewe- lamb bond is the resul t  of a rapid learning process i nfluenced by 

both the behaviour of the dam and the lamb (Shi l l i to-Walser, 1 978 ). Losers i n  the 

struggle to surv ive die before they have a chance to breed, or they produce few 

off pri ng. 

3.6 Conclusions 

In this flock there is l i tt le benefit to be gained from inc luding maternal behaviour score 

and l i tter survival i n  the animal selection programme, as this study hows:  

• Genetic variation and con equent ly heritabi l i ty for MBS and US are smal l .  

• Permanent environmental variance for both MBS and LIS are smal l .  

• Repeatab i l i ties for MBS and US are low. 

Genetic gain in lamb surv iva l  to weaning are possible across this flock (LAS)  and for 

twins ( LAS2),  however the total heri tab i l i ty is sti l l  low. Total heritab i l i ty for triplets i s  

lower than that for twins and highl ights the need to manage tri pleti ng ewes with more 

care. The negative correlation between maternal and d i rect effects must be i ncorporated 

in to animal breeding programmes so that lamb survival can be improved. One option i s  

t o  establ i  h separate selection l i nes for each trait and then cross these for maximum 

benefi t .  The economics of this option require consideration. 

The influence of temporary environmental effects on maternal behaviour score, lamb 

and l i tter urvival highl ights the importance and significance of fatm and animal 

management practices in extensive New Zealand farming systems. Farmer con ideri ng 

using fert i l i ty treatments, such as the vaccine Androvax TM (used to i ncrease ewe 

ovulation rate), shou ld anticipate the ris ing l i tter s ize and put a management plan i n  

place t o  encourage lamb and subsequent ly l i tter survival . One option i to avoid 

admin isteri ng ferti l i ty treatments to young and i nexperienced ewes. 

45 



Chapter 3 

I t  appears that i f  management pract ices and environmental condi tions are conducive to 

high levels of l i tter survi val, then the i ncorporation of the MBS i nto the ani mal selection 

programme is l i kely to be of l i tt le benefi t .  Arguably, if management practices and 

environmental condi tions have not been i ntegrated in such a way as to enhance l i tter 

survi val, then the MBS may have a place. However, a new measure of maternal 

behaviour as it relates to lamb rearing success is needed for flocks with higher l i tter 

survi val rates if l i tter survival is to i ncrease further. 

Further work is needed to identify the management practices and environmental 

condit ions that have the greatest effect on lamb and l i tter survival . Once identi fied, 

stock managers must then manipulate these management practices w i th the aim to 

improve twin and triplet lamb surv iva l .  

46 



CHAPTER 4 

The effect of pregnant ewe 

physiology on maternal behaviour 

score and lamb production 

Photograph taken by Julie Everett-Hincks 

Related publ ications: 

Everett-H i ncks et al. ( 2004) .  The effect of ewe nutri tion on maternal 
behaviour score and lamb production. Submitted to the New Zealand 

Society of Animal Production. 



Chapter 4 

4.1 Summary 

Mothering abi l i ty was i nvestigated in two breeds of sheep with twi n and trip let l i tters i n  

2000. The study was carried out o n  a commercial  sheep farm with high reproducti ve 

rates gained through i ntensive selection i n  its Coopworth flock and the i ntroduction of 

East Friesian genes by crossbreeding. 

East Friesian Coopworth (EFCoop) ewes mai ntai ned body condition between pregnancy 

scanning whereas Coopwotth ewes lost body condit ion. Plasma �-hydroxybutyrate (�­

OHB) was signi ficantly higher in Coopworth ewes prior to lambing. Coopworth and 

EFCoop ewes with trip let l i tters had elevated leve ls  of plasma �-hydroxybutyrate 

concentration compared to ewes with twins. 

Coopw01th ewes had higher triplet l i tter survi val rates to tagging compared with 

EFCoop ewes. The maternal behaviour score (MBS )  of ewes was determined wi thi n 24 

hours of bi rth on the basis of their response to the shepherd taggi ng their lambs on a 5-

poi nt scale from I (ewe leaves l i tter and does not return) to 5 (ewe remains within I m of 

l i tter) (O'Connor et al. , 1 985) .  The maternal behaviour score (MBS)  was higher i n  

Coopworth ewes than the EFCoop ewes and i ncreased with l i tter size but remai ned 

constant for EFCoop ewes regard less of l i tter size. 

Lamb production to weaning was genera l ly  s imi lar between breeds. Coopworth ewes 

with triplet l i tters and lower MBS at taggi ng weaned the lowest weight of l amb. 

However Coopworth dams with a high MBS produced an addi tional I Okg of lamb to 

weani ng, this bei ng comparable to their EFCoop contemporaries. 

The results of this study suggest that ewes that maintain  condi tion in late pregnancy 

provide a more sui table maternal environment to support and grow their l i t ters .  This i s  

increasingly important for triplet l i tters. Thi s study shows that a ewe that has s l ightly 

higher plasma �-hydroxybutyrate levels, is not as receptive to the demands of her l i tter 

and is sensit ive to human i nterference as i ndicated by lower MBS .  
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4.2 Introduction 

Lamb survival is very important in highly fecund flocks. Triplets become more common 

as pro l ificacy i ncreases above 1 .7 lambs born per ewe (Amer et al., 1 999) and greater 

lamb losses are expected with triplets than twin or singles (Johnson et al., 1 982; H i nch 

et al. ,  1 983; Scales et al., 1 986). Mo t losses occur in the first two day after birth, 

adequate and proper maternal care i s  required to min imi  e Ios e and the detrimental 

effects of the envi ronmental (Poindron et al. ,  1 984) .  I ncreased fecundity has high l ighted 

maternal con trai nts that were les obvious in flocks wi th lower fecundity prevalent I 0-

20 year ago when most studies were undertaken. 

Crossbreedi ng i s  now widely practiced by sheep farmers and i s  one of the tools used 

over the past decade to i ncrease ewe fecundity and lamb surv ival .  However, there i s  

l i tt le publ ished i nformation on whether breed substitution or  cro breedi ng to highly 

fecund breeds results i n  improved motheri ng abi l i ty and lamb production in the 

extensive New Zealand sheep-farmi ng envi ronment. This Chapter focu es on the 

comparison of straightbred Coopworth and Ea t Friesian Coopworth cross heep, 

whereas Chapters 5, 6 and 7 i nvestigate whether ei ther of the recent ly i ntroduced 

Finnish Landrace and Texel breeds have particu lar traits of i ntere t to improve lamb 

rearing performance i n  the national sheep flock. 

There has been l im i ted study of maternal behaviour i n  highly fecund sheep i n  New 

Zealand and Austra l ia. O'Connor et al. ( 1 985)  made a valuable contribution 

investigat ing the effect of Maternal Behaviour Score (MBS )  on lamb surv i val across a 

number of breeds i nc lud ing the pro l ific Booroola  and crosses. Ron Ki lgour and eo­

workers made u eful  observat ions in the 1 960' and 1 970' s on maternal behaviour, 

however these tudies were with ewes averaging about 100% lamb at docking. Recent 

Austral ian studies have also advanced understandi ng on maternal behaviour but they 

used either Merino or Meri no Border Leicester crosse ( Ki lgour, 1 998) .  However we 

now have a better understandi ng of maternal behaviour score and i ts affect on lamb and 

l i tter urvi val i n  Coopworth sheep farmed under commercial New Zealand conditions 

(Chapter 3 ). This  study showed that a ewe's  maternal behaviour and l i tter survival are 

under m inimal genetic control and the major source of vari ation i n  the e traits i s  due to 

temporary envi ronmental effects (Chapter 3 ). However we have yet to identify the 
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environmental factors that have the greatest effect on maternal behaviour and 

subsequently lamb rearing performance in ewes with larger l i tters .  

Chapter 4 

A better understanding of maternal behaviour and the mechanisms which control i t  wi l l  

be helpfu l when assessing exist ing problems, such as increased lamb mortal i ty .  I t  i s 

necessary to exami ne i f  the mechani sms which control maternal behaviour operate 

d i fferent ly over a range of environmental condit ions for di fferent breeds and breed 

combinations. Wi th this i nformation appropliate management techniques can then be 

ident ified and appropriate animal breedi ng programmes formulated to reduce lamb 

mortal i ty. Chapter 9 i nvestigates the effect of pasture al lowance in late pregnancy on 

maternal behaviour and l amb reali ng petformance. 

In late pregnancy and early lactation the nutti tional requirements of ewes are very high. 

The last 4-6 weeks before lambing are cri tical (Scales et al., 1 986) . Nutli tion duli ng this 

period of pregnancy determines lamb bitth weight and nutli tional d isorders of the ewe 

such as pregnancy toxaemia. In ewes, p lasma concentrations of �-hydroxybutyrate (�­

OH B) reflect the balance between fat mobi l i sation and the capaci ty to uti l i se ketone 

bodies produced. Fat mobi l i sation is dependent on the amount of fat stored i n  the body 

and on the d ifference between the in take of and demand for nutlients (Foot et al., 1 984). 

Foot and eo-workers ( 1 984) suggested plasma concentration of �-OHB be used as an 

i ndex of the i nadequacy of i ntake of nut lients by ewes to meet thei r energy requirements 

duri ng periods of high demand .  Russet I et al. ( 1 967) found that ewes grazing pasture 

with a plasma �-OHB concentration of 0.7 1 mmolll were i n  energy balance. 'Moderate' 

under nouri shment and 'severe' under nourishment gave Iise to plasma concentrations 

of 1 . 1 and 1 .6 mmolll respectively. Plasma �-hydroxybutyrate levels Iise as more of the 

body' s  energy comes from the metabol ism of fats (Guyton, 1 99 1  ) .  

Many factors can affect mothering abi l i ty and lamb reating performance. Thi s  study 

i nvestigates ewe body condit ion and plasma �-OHB concentrations i n  late pregnancy 

and how they i nfluence motheling and l amb reari ng abi l i ty in two highly fecund sheep 

breeds. 
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4.3 Materials and Methods 

4.3 . 1 Background 

The Carthew fami ly  run a stud and commercial sheep operation in the Wai rarapa. Their 

predominant breedi ng objecti ve i s  to improve the maternal abi l i ty of ewes. They have 

been selecti ng Coopworth ewes for maternal abi l i ty si nce the 1 970' s to en ure good 

lamb survi val i n  thei r sheep management system. 

East Friesian genes have recently been i ntroduced i nto the commercial Coopworth 

flock. East Friesian crosses have been performance recorded si nce 1 997. Differences i n  

the performance and behaviour of the Coopworth and East Friesian cro s ewe and their 

lambs have been observed. The research focused on the comparison of traightbred 

Coopworth and East Friesian Coopworth cross (EFCoop) sheep. 

4.3.2 Animals and Measurements 

Mi xed age ewe scanned with twins and triplets i n  the 2000 lambing eason were 

moni tored i n  thi study. There were 432 Coopworth ewes (352 ewes wi th twins and 80 

with trip lets) and I 03 East Friesian Coopworth cross ( EFCoop) ewes (75 with twin 

l i tters and 28 with tri plets) .  

At pregnancy scanning ewes carrying twin and triplet foetuses were identified by a 

Real-t ime U ltrasound Scanner (24 Ju ly 2000; about day 70 of pregnancy) and stage of 

gestation was determi ned. The l atter was trans lated i nto predicted lambi ng date ( tage 

I =  20th - 301h September, stage 2 = I st - I oth October and stage 3 = 1 1 th - 30th October). 

Ewe body condition score was recorded at scanning (CSP). 

Blood samples were taken from a l l  ewes two weeks prior to the start of lambing on the 

7th September (about day I 1 5  of pregnancy). P lasma �-hydroxybutyrate (�-OHB )  

concentration was measured. Ewes were scored for body condition (CS B )  at th is  time. 

Ewe breeds were separated after blood sampl i ng. 
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Lambing commenced on the 201h September 2000. When the lambs were ear-tagged at 

between 8 and 36 hours old, the date of parturi t ion, l i tter size at taggi ng, total weight of 

the l i tter and Maternal Behaviour Score (MBS)  were recorded. 

A Maternal Behaviour Score (O'Connor et al., 1 985)  recorded for al l dams was scored 

on a 5-point scale ( low, I to high, 5 )  based on the di stance a ewe retreats from her lambs 

when the shepherd i s  tagging them (Table 4. 1 ) . 

Table 4. 1 The maternal behaviour scores at tagging and the number of dams with 
recorded MBS in this study. 

Description of Maternal Behaviour Score ( MBS)  

Ewe tlees a t  the approach of the shepherd, shows no 
i nterest i n  the lambs and does not return 
Ewe retreats further than I 0 metres but comes back 
to her lambs as the shepherd leaves them 
Ewe retreats to such a d istance that tag 
identification is d ifficul t  (5- I 0 metres) 
Ewe retreats but stays within 5 metres 

Ewe stays close to the shepherd during handl ing of 
her lambs 

Original 
MBS 1 

I 

2 

3 

4 

5 

as described by O'Connor et al. ( 1 985). n=number of ani mals. 

Modified 
MBS 

2 

2 

3 

4 

4 

Coop worth 
dams ( n )  

I 

1 3 1  

74 

1 0  

EFCoop 
Dams ( n )  

0 

4 

4 1  

30 

3 

The MBS scoring system has been used on this flock for over 25 years and ewes scoring 

an MBS of I have been cul led annual ly .  To determine the effect of MBS on lamb 

survi val to weaning and weight of lamb weaned (refer to Table 4.5 and 4.6), MBS was 

modified as shown in Table 4. 1 .  There was l i tt le variation in this trai t, as reported i n  

Chapter 3 .  Low subclass numbers for analyses involv ing MBS as a fixed effect i n  this 

study meant that dams with MBS of I and 2 were deleted from the data set and ewes 

with MBS 4 and 5 were combined i nto MBS 4. Ewes with an MBS 3 retreat to a 

di stance that made ewe ear tag ident ification d ifficult whereas ewes with MBS 4 stay 

withi n 5m of the shepherd when her lambs are bei ng tagged. Ewes with M BS 4 are 

considered better mothers. 

Li tter s ize at tagging and at weaning (9'h January; mean lamb age I 00 days) was 

recorded and l i tter survival was calcu lated from scanning to tagging and scann ing to 

wean ing by d ivid ing the later l i tter size by the former l i tter s ize and it was recorded as a 

percentage. Weight of lamb weaned per ewe mated was recorded for each ewe. Ewes 

that lost an entire l i tter were i ncluded i n  the analysis as reari ng zero kg of l amb to 
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weaning. EFCoop and Coopworth ewes were run separately from prelambi ng through to 

weaning. 

4.3.3 S tatistical Analyses 

Animal performance records were col lected and used to generate data set to enable 

breed and l i tter size comparisons using the M IXED procedure in SAS. PROC M IXED 

uses restricted/residual max imum l i ke l ihood (REML) methods to e timate the random 

effect (SAS, 2002). A uni variate mixed l i near model was fitted to test for the fi xed 

effects of ewe breed, l i tter size (at scanning or birth) and the i nteraction between ewe 

breed and l i tter size. To help decide the pathways i nvol ved in the differences, analy e 

of covariance were performed and were retained i n  the model i f  stati tica l ly significant 

at P<0.05 . The fi xed effect i nteraction between ewe breed and l i tter size was only 

retai ned i n  the model i f  s ignificant at P<0.05, un less otherwise noted. 

The fol lowing l inear model was used: 

Yijk = ll + Ai + Lj + ALij + Ai*P 1 Xijk + eijk 

where Yijk is the record of the k1h dam of the i 1h breed with the fh l i tter size, 

)..l i s  the general mean, 

Ai is the fi xed effect of the i 1h breed, 

Lj is the fixed effect of the fh l i tter size, 

A�j is the fi xed i nteraction effect of the i 1h breed and the fh l i tter size, 

Xijk is the physiological trait measured (e.g.P-OHB, Ca, CSP, CSB, date of 

bi rth, age of ewe, l itter weight at b irth) in the k1h dam of the i 1h breed with 

the j 1h l i tter s ize, 

P1 is the regression of the production trait of i nterest (e.g. weight of lamb 

weaned ) on the physiological trait (e.g.P-OHB), and 

eijk is the random residual effect unique to Yijk· 

Least squares means for the main factors affecti ng the trait of in terest were est imated 

using SAS (SAS, 2002). 
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4.4 Results 

4.4. 1 Phys iological Status of the Pregnant Ewe 

Chapter 4 

Coopworth ewes had s ignificantly higher body condition scores at pregnancy scanning 

and again at  prelamb blood test ing than EFCoop ewes, even though the ewes were run 

together up to blood test ing (Table 4.2). However Coopworth ewes lost s ignificantly 

more body condition through this period than EFCoop ewes and p lasma �-OHB 

concentrations were sign i ficantly higher i n  Coopworth than EFCoop ewes prior to 

lambing (Table 4.2). There was no s ignificant breed by l i tter s ize in teraction for change 

in body condition score between pregnancy scann ing and prelamb blood testing 

(P>0.05 ) .  

Table 4.2 Pregnancy measurements by breed group (Coopworth and EFCoop ewes) 

(least squares mean :!: standard error). 

Pregnancy Trait Coopworth Ewes EFCoop Ewes p 
( n= 432) ( n= I 03 ) 

CS at Pregnancy scanning (CSP) 3.6 ± 0.03 3.2 ± 0.05 **** 
CS at B lood testing (CSB) 3.2 ± 0.02 3. 1 ± 0.05 ** 
CS Difference (CSB-CSP) -0.35 ± 0.03 -0.09 ± 0.06 **** 
!3-0H B  ( mmol/1 ) 0.65 ± 0.0 1 8  0.55 ± 0.032 ** 
CS=body condition score. 
ns = not signiticant ;  * P<0.05; ** P<O.O I ; *** P<O.OO I ;  **** P<O.OOO I . 

Foetal number was a sign i ficant affect on body condition score at blood testi ng (P<0.05 ) 

but not at pregnancy scanning (P>0.05) . Ewes carrying trip let l i tters had higher body 

condit ion scores ptior to lambi ng than ewes carrying twi ns (3 .2 ± 0.04 vs 3 . 1 ± 0.03 ) .  

Ewes carrying twi n lambs lost signi ficantly more condition ( -0.3 ± 0.04) than ewes 

carrying triplet l i tters (-0. 1 ± 0.05) (P<O.OO I )  however ewes carrying triplets (0.70 ± 

0.03 ) had sign i ficant ly  higher �-OHB levels than ewes carrying twi ns (0.49 ± 0.02 ) 

(P<O.OOO I ) . 

Age of dam significantly affected ewe condition score at pregnancy scanning (�=-0.04 

± 0.0 1 7, P<0.05 ), condit ion score at blood testing (�=0.04 ± 0.0 1 6, P<O.O I )  and change 

in body condition score over this period (�=0.06 ± 0.0 1 9, P<O.O I ) . 

The stage of pregnancy signi ficantly  affected ewe body condition score at blood testi ng 

(�=-0. 1 I ± 0.028, P<O.OOO I ) , change in condition score up to blood test ing (�=-0. 1 3  ± 

0.038, P<O.OO I )  and plasma �-OHB concentration (�=-0.09 ± 0.020). Ewes that were 
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further through their pregnancy had lower condit ion scores, had a greater change i n  

body condition si nce pregnancy scann ing and had higher P-OHB plasma concentrations. 

Plasma P-OHB concentration was s ign i ficant ly affected by change in body condition 

score ( P<O.OO I )  and ewes that lost condition had higher P-OHB level s  < P=-0.33  ± 

0.087, P<O.OO I ) . 

4.4.2 Physiological Effects on Dam M B S  

There were s ignificant breed by l i tter s ize i nteractions for M B S  (Table 4.3) .  I n  

Coopworth ewes MBS increased as l i tter s ize i ncreased. M B S  was the same for EFCoop 

ewes regardless of l i tter s ize. Coopworth ewes with triplet l i tters had significant ly 

higher MBS than EFCoop ewes. 

Factors significantly affecti ng MBS i nc lude age of dam CP=0. 1 4  ± 0.025, P<O.OOO I )  and 

plasma P-OH B concentrations. Ewes with lower plasma P-OHB concentrations had 

higher MBS at taggi ng CP=-0.30 ± 0. 1 0, P<O.O I ) . There was no sign i ficant P-OHB by 

breed and P-OHB by ·l i tter size i nteractions on MBS ( P>0.05 ) .  Total l i tter weight did not 

sign ificantly affect MBS (P>0.05 ) .  

Table 4.3 The effect of MBS on Coopworth and EFCoop ewes with twin and triplet 

litters ( least squares mean :!: standard error). 

Litter size 

Al l  
Twins 
Triplets 
P (Twins & Triplets ) 
MBS I =poor, 5=excel lent. 

Coopworth Dams 
(n=432) 

3.6 ± 0.04 
3 .3 ±0.04 
3.8 ± 0.08 

* * * *  

EFCoop Dams 
( n= l 03)  

3 .4 ± 0.07 
3.5 ± 0.08 
3.2 ± 0. 1 1  

ns 

ns = not significant; * P<0.05 ; ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  

4.4.3 Dam Production 

p 
( B reed) 

* 
ns 

* * *  

Coopworth dams (9.8 ± 0. 1 6  kg) and EFCoop dams (9.9 ± 0. 1 9  kg) had s imi lar l i tter 

weights at partUJition ( P>0.05 ) .  Twin  (8 .8  ± 0. 1 5  kg) and triplet l i tter weight ( 1 1 .0 ± 

0.20 kg) differed s ignificant ly ( P<O.OOO I ) . There was no significant breed by l i tter s ize 

interaction. Older dams had heavier l i t ters at b irth <P= 0.48 ± 0. 1 1 , P<O.OOO I ) .  
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Li tter survival to tagging was significant ly affected by the i nteraction between breed 

and l itter size (P<O.O I ) . EFCoop dams with triplet l i tters had lower l i tter surv i val rates 

to tagging whi l st Coopworth l i tter survival to taggi ng was simi lar regardless of foetal 

number (Table 4.4). Li tter weight at b irth significantly affected survival to tagging 

(P<0.05) .  

Coopworth and EFCoop ewes had s imi lar l i tter survi val rates from scann ing to  weani ng 

(Table 4.4). There was a non-signi ficant i nteraction between l i tter size and breed 

(P>0.05) .  The surv ival of twi n l i tters was greater than the survival of t riplet l itters (0.79 

± 0.03 vs 0.55 ± 0.035) .  Li tter weight at b irth had a sign i ficant effect on ewe l i tter 

survi val to weaning <P=0.04 ± 0.0 1 2, P<O.OOO I ). 

Table 4.4 The effect of ewe breed and litter size on litter survival from scanning (least 

squares mean I standard error). 

Scanned 

Al l  
Twins 
Triplets 

All  

Litter surv ival 
(proportion of l i tter to surv ive )  
To tagging 
To tagging 
To tagging 
P (twins vs triplets) 

To weaning 

Coopworth Dams 
(n=480) 

0.89 ± 0.0 1 67 
0.9 1 ± 0.0 1 5  
0.86 ± 0.029 

ns 

0.65 ± 0.029 
Twins To weaning 0.78 ± 0.038 
Triplets To weaning 0.52 ± 0.046 

P (twins vs triplets ) **** 

EFCoop Dams 
( n= l l 5 )  

0.79 ± 0.029 
0.90 ± 0.035 
0.68 ± 0.045 

*** 

0.68 ± 0.033 
0.80 ± 0.045 
0.57 ± 0.05 1 

** 

p 
( B reed) 

* *  
ns 

* * *  

ns  
ns 
ns 

ns = not sign i ficant ;  * P<0.05 ; ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  

When explori ng the effect of MBS on l i tter survi val, there was a significant i nteraction 

between breed, dam l i tter s ize and MBS (P<O.OOO I )  (Table 4.5) .  Due to low subc lass 

numbers dams with M BS I and 2 were deleted from the data set and ewes with MBS 4 

and 5 were grouped i nto MBS 4. Li tter survi val rates were simi lar withi n l i tter s ize as 

MBS increased from 3 to 4 (Table 4.5 ) .  

Table 4.5 The effect of maternal behaviour score on dam litter survival from tagging to 

weaning (least squares mean I standard error). 

Litter size MBS 

Twin 3 
4 

P (Twin )  

Triplet 3 
4 

Coopworth Dams 
(proportion of l i t ter to survive)  

0.74 ± 0.029 (n= l l 3 ) 
0.78 ± 0.045 ( n=47)  

ns 

0.54 ± 0.073 ( n= 1 8) 
0.62 ± 0.05 1 ( n=37) 

P (Tri let) ns 
ns = not signi ficant: * P<0.05: n=number of dams. 
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EFCoop Dams P 
(proportion of l i tter to surv ive )  ( Breed ) 

0.7 1 ± 0.057 ( n=3 1 ) ns 

0.80 ± 0.064 (n= 1 3) ns 
Ns 

0.62 ± 0.089 ( n=23)  
0.64 ± 0.097 ( n= I 0)  

Ns 

ns 
ns 
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There were also significant fi xed effect i nteractions between ewe breed, l i tter s ize and 

MBS (P<0.05 ) for weight of lamb weaned (Table 4.6). EFCoop dams with triplet l i tters 

with an MBS 3 at tagging went on to wean signi ficant ly more lamb weight per dam than 

Coopworth dam contemporaries. Coopworth dams with triplet l i tters di ffered 

significant ly i n  that dams with an MBS 4 weaned nearly I 0 kg more i n  lamb weight 

than Coopworth dams with an MBS of 3 .  Factors sign ificantly  affecti ng weight of lamb 

weaned were date of parturition CB=-0.37 ± 0. 1 56, P<0.05) and total l itter weight at b irth 

CB= 1 .9 ± 0.583, P<O.O I ). 

Table 4.6 The effect of maternal behaviour score on weight of lamb weaned (kg) (least 

squares mean I standard error). 

Litter s ize MBS Coopworth Dams EFCoop Dams p 
( weight ( kg)  weaned per ewe) ( weight ( kg)  weaned per ewe) ( B reed) 

Twin 3 42.2 ± 1 .2 1  kg ( n= 1 1 3)  39.4 ± 2.37 kg ( n=3 1 ) ns 
4 42.9 ± 1 .85 kg ( n=47) 42.6 ± 2.49 kg ( n= 1 3 ) ns 

P (Twin) ns ns 

Triplet 3 42 ± 3 . 1 9  kg ( n= l 8) 52.4 ± 3.58 kg ( n=23) * 

4 5 1  ± 2 . 1 3  kg ( n=37) 48.6 ± 3.76 kg ( n= I O) ns 

P (Tri let) * ns 
ns = not signi ficant; * P<O.OS ; n=number of dams. 

Coopworth dam triplet surv ival was lowest for dams with an MBS of 3 compared to 

dams with an MBS of 4 (Table 4.5) .  However this l i tter survi val di fference was not 

s ignificant (P>0.05 ) but was of sufficient di fference to explain the large di fference i n  

weight o f  lamb weaned (Table 4.6 ). 

4.5 Discussion 

New Zealand research i ndicates that ewes bearing multi ples must be in good condition 

at parturi tion i f  their twins and triplets are to surv ive and grow to weaning (Geenty, 

1 997) and this study highl ights the importance of mai ntai n ing ewe body condition over 

pregnancy. 

Ewe- lamb bonding and lamb survi val are maximised by management practices that 

i ncrease the t ime pent at the birth s i te by the dam after parturi tion and ensure that the 

appropriate interactions occur between the dam and her lambs on the birth ite (Nowak, 

1 996). Therefore it i s  imperat ive that feeding levels are sufficient not only at birth but 

also throughout pregnancy, to ensure that the ewe is  not encouraged to travel from the 
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birth s i te i n  search of food. Chapter 9 i nvestigates the effect of pasture al lowance duri ng 

late pregnancy and at lambi ng on the strength of the ewe- lamb bond and subsequently 

lamb reari ng performance for ewes wi th twin and triplet l i tters. 

The energy cost of late pregnancy in the ewe is largely met by i ncreased feed i ntake, 

except i n  very late pregnancy when in take may dec l ine. The ewe may respond to 

i ncreased nuttient demand in late pregnancy and lactation by eat ing more, by 

mobi l i sation of maternal tissue, by improving the overa l l  effecti veness of overa l l  

digestion or by i ncreasing the efficiency of ut i l i sation of nutrients by ti ssues (Jelbart and 

Dawe, 1 984). Ewes must uti l i se reserves to support the growth of mu lt iples (Jelbart and 

Dawe, 1 984). In  this study Coopworth ewes mobi l ised more maternal tissue as observed 

i n  the change of body condit ion score and elevated plasma �-OHB levels over the same 

period and under the same management condi tions compared to the EFCoop sheep. 

However, body condi tion scori ng of ewes is a subjective measure i ndicat ing the 

condi tion held external ly .  From this procedure we are unable to determine i f  a ewe has 

substantial i nternal fat stores such as kidney knob and channel fat. Highly fecund breeds 

such as East Friesian and Fi nnish landrace and their crosses tend to distri bute body 

condi tion differently maintain ing a greater proportion of internal fat stores when 

compared to tradi tional breeds (Maijala, 1 996) .  

In  this study MBS varies wi th breed, l i tter size and plasma concentration of P-OHB.  

MBS gi ves an i ndication of a dam's  degree of attachment to her lambs i n  the first days 

fol lowing parturi tion when chal lenged wi th human presence. Elevated level s  of plasma 

�-OHB indicate that a ewe's  nutrit ional demand is exceeding feed i ntake (Foot et al., 

1 984). Pregnancy toxaemia (or 's leepy sickness' ) is  l i kely to occur in late pregnancy 

particu larly in ewes carry ing mul tip les and is  due to underfeedi ng or stress (Geenty, 

1 997 ) .  Plasma concentration of �-OHB prior to lambi ng was significantly h igher in 

ewes with lower maternal behaviour scores suggesti ng that a sl ight i ncrease i n  plasma 

�-OHB concentration impai rs a ewe's abi l i ty to bond effecti vel y  with her l ambs, as 

shown by the lower M BS.  Increased �-OHB levels may physiological ly reduce the 

ewe' s receptiveness to her lambs and may encourage the ewe to travel from the bi tth 

s i te in search of food which is  l i kely to result in lambs becoming separated from thei r 

dam. 
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Litter survival  and weight of lamb weaned was not influenced by the phy io logical 

affects of plasma P-OHB concentration. A l l  ewes were in good condit ion with average 

scores between 3 . 1 and 3 .2  i n  late pregnancy and under nutri tion was not evident as 

i ndicated by plasma levels of P-OHB (Russe l l  et al., 1 967). However, ewes that lost 

body condi tion from day 70 to day 1 1 5 of pregnancy had elevated P-OHB leve ls  and 

lower M BS . 

S l ightly elevated plasma P-OHB concentrat ions may be influencing l i tter urvival i n  

triplet l i tters. I t  i s  possib le that elevated plasma P-OH B  cou ld be a mechan ism reduci ng 

l i tter survival rates i n  highly fecund ewes. This  may be because the s ize of the rumen i s  

progressively restricted a s  gestation progresses due to  abdominal pace bei ng restricted 

by the growth of mul t iple foetuses. If the pregnant ewe cannot eat enough and i s  

required to graze conti nuously, she fai l s  to uti l i se sufficient carbohydrates for energy 

and therefore mobi l i ses maternal ti ssue to support the growing foeti . A reduction i n  ewe 

body condit ion is observed. 

If we define mothering abi l i ty in a quanti tati ve form such as the abi l i ty of a ewe to be 
able to rear i ts entire l i tter to weaning and wean her body weight i n  lamb, then the most 

important physiological factor affecting weight of lamb weaned wa change in body 

condi tion core between mid and late ge tation. The physiological effect of p lasma P­

OHB did not d i rect ly affect lamb production to weani ng; however i t  d id affect maternal 

behaviour as i ndicated by MBS . This  study has shown that an i ncrea e in MBS can 

improve weight of lamb weaned for ewes with large l i tters. O'Connor et al. ( 1 985)  also 

observed an improvement i n  weight of lamb weaned per ewe mated with i ncreas ing 

M BS .  

This study suggests that ewes that can maintain condition i n  late pregnancy provide a 

more sui table maternal environment to support and grow their l i t ters. Thi i s  

i ncreasingly i mportant for triplet l i tters. Chapter 3 also showed that ewes with triplets 

require more care than ewes with twins as temporary environmental effects account for 

nearly 90% of the total variation i n  Iamb survi val for triplets compared to 75% for 

twins. Temporary environmental effects, such a elevated plasma P-OH B  leve ls  ari mg 

from body condition loss i nfluences a ewes maternal abi l i ty as ind icated by MBS.  A 

ewe that i s  physiological ly stressed at a late stage i n  pregnancy may not be sufficiently 
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recepti ve to the demands of her l i tter as ewes with higher �-OHB have lower MBS at 

taggi ng. 

Many years of selection for maternal behaviour at tagging may have led to behavioural 

and physiological adaptat ions i n  the flock studied .  Populations adapt to stressor 

because i ndi viduals who fai l  to adapt are relati vely unsuccessfu l at contributi ng thei r 

genes to subsequent generations (Hargreaves, 1 990). This  is the case with performance­

recorded ewes at Turnberry, poor mothers, as ident i fied by the MBS system, are cul led 

from the performance-recorded flock. 

4.6 Implications 

Select ing ewes for high fecundity increases the nutritional demand and magni fies the 

vu lnerabi l i ty to environmental stress, such as under nutri tion i n  late pregnancy. 

Ultrasound imaging for the early diagnosi s of ewes with single, twin and tri plet 

foetuses, i s  .an excel lent management tool .  Diagnos is  of foetal number (and tage of 

gestation) makes it possible to separate and preferent ial ly treat those ewes with the 

greatest requirement. However, management systems need development to cater for 

high levels of ewe reproduction, i n  particular the nutriti ve and energy requirements of 

ewes with triplet l i tters from conception through to lamb weaning (see Chapter 9). This 

wou ld enable improvement of biological and economic efficiency so that l i tter size at 

birth i s  trans lated i nto higher lamb output. 

Measurement of plasma �-OHB concentration is of value when studyi ng nutri t ional 

stress i n  grazing ewes duri ng late pregnancy (Foot et al. ,  1 984). A series of blood 

samples leading up to parturi tion wou ld be usefu l to determine whether plasma levels of 

�-OH B  are ri si ng, fal l i ng or static. However this i s  impractical under current farm 

management systems. Future technology may offer a sol ution, however in the in terim 

we can moni tor change in body condition in late pregnancy as an i ndicator of changi ng 

plasma P-OHB .  We suggest that a sample of flock ewes of the same l i tter s ize are 

condition scored to give a representati ve condi tion score for the flock. A number of 

repeat measurements should be performed throughout pregnancy to gi ve an indication 
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of change i n  body condition and change in P-OHB.  lnfonned feed management 

decisions can then be made. 

The resu l t  from physiological studies should complement tho e from feeding studie . 

With strategic management uch problems as pregnancy toxaemia, poor l i tter survival 

and reduced lamb growth rates can be reduced to ensure that lamb reari ng abi l i ty and 

production are max imised. Opt imum nutti t ion and sub equent ewe condition are 

important to ensure that genetic potential of the tlock i s  achieved. 

6 1  
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5.0 Preamble 

Previous results have shown that there was l i tt le variation in maternal behaviour score 

and lamb reming performance i n  a commercia l ly  farmed Coopworth flock (Chapter 3) .  

Breed di fferences are often regarded as i ndicati ve of genetic variation (H inch, 1 997) .  

Therefore the study sought out sheep breeds that di ffered from tradi tional breeds i n  

lamb survi val and maternal abi l i ty. Anecdotal evidence from farmers suggested that the 

Finnish Landrace and Texel breeds differed from tradi tional breeds i n  these traits 

(Section 5 .2) .  In 200 I an oppottunity arose to study straightbred Fi nn and Texel 2-tooth 

prim iparous ewes together on a commercial New Zealand sheep farm. A decision was 

made to investigate these recently introduced breeds to ident ify the lamb and ewe 

behaviours that encourage ewe- lamb bondi ng and enhance lamb surv ival . 

In this part of the study the performance and behaviour of straightbred Fi nn and Texel 

ewes and thei r lambs was moni tored to detern1 ine if there are any differences that cou ld 

be used to improve lamb-rearing success across New Zealand flocks. Chapter 5 deals 

with reproducti ve and postnatal performance of Fi nns and Texels. Chapter 6 

investigates post-parturient behaviour of Finns and Texels and relates post-parturient 

behaviour to lamb surv ival to weaning. Chapter 7 i nvestigates the strength of ewe- lamb 

attachment at taggi ng and re lates these behaviours to lamb survival to weaning. 

5. 1 Summary 

The study was carried out on a commercial New Zealand sheep farm with performance 

recorded straightbred Finn and Texel prim iparous ewes. The objecti ve of the study was 

to i nvestigate whether ei ther of these breeds had particular traits of in terest that could 

contri bute to improved lamb reari ng petformance in the national sheep flock .  

Li tter s ize at bi rth was significant ly higher for Finns than for Texels (2 .0 and 1 .2 

respecti vely), however l i tter surv ival rates were s imi lar between the two breeds. Texel 

l i tter weight at b irth was heavier than for Fi nns, however Fi nn ewes weaned an 

addit ional 5 .5  kg when compared with Texels. 
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Texel lambs had higher birth weights, weaning weights and growth rates when 

compared to Finn l ambs, however l amb survi val to weani ng was imi lar. Dystocia was 

the predominant cause of death for Texel lambs whereas the starvation/exposure 

complex was the predominant cause of death for the smal ler Finn l ambs. 

On this farm the Fi nn contri buted to improved lamb production to weani ng. Both breeds 

had low and simi lar lamb survi val rates to weaning. Lamb wastage was greatest i n  the 

pro l ific breed and dystocia was a prevalent cause of lamb death i n  the meat breed. Both 

lamb losses and difficul t  b irths are unacceptable from an animal welfare perspective. 

Min imi si ng lamb losses in both of these sheep breeds highl ights the potential for 

improv ing profitabi l i ty on farm. Crossbreeding i s  one option avai lable to farmers to 

improve product iv i ty, however crossbred performance requi res i nvestigation before 

crossbreeding can be exploited as a means of improving l amb rearing performance. 

5.2 Introduction 

In New Zealand, sheep farmers have a range of options to infl uence the genetic 

capab i l i ty of their flock. New sheep breeds can improve lamb-rearing abi l i ty as 

crossbreedi ng is a quick and effect ive tool to improve fecundi ty and survival (Wiener et 

al. 1 975; 1 983) .  The main benefits of crossbreeding arise from complementari ty; the 

manner i n  which two or more characteri stics complement each other, and heterosi s, the 

superiori ty in performance of the offspring over the average of the parent . Hetero is i s  

greatest i n  characters most closely associated with the abi l i ty to surv ive and reproduce 

and the greater the genetic di fferences between two popu lations the greater the heterosis 

i n  crosses between them. 

The performance of breeds chosen for crossbreeding i s  important for farmers to be able 

to make informed deci sions. However there i s  l i ttle data for the Finn  and Texel and 

therefore l im i ted i n formation on whether breed substi tution offers advantages or 

whether crossbreeding can potential ly  improve productivity. 

The Texel and Fi nnish Landrace (F inn)  breeds of sheep were i ntroduced to New 

Zealand in the 1 990' s. The Finn  ewe has a mature weight ranging from 50-70kg and a 
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lambi ng percentage ranging from 1 75 to 250%. I t  has been used i n  crossbreeding 

programmes wi th tradi tional sheep breeds, such as the Romney, to produce crossbred 

sheep with i ncreased fecundity and resistance to facial eczema ( Meadows, 1 997). The 

Texel ewe has a mature weight of 50 to 65kg and has a lambi ng percentage ranging 

from 90 to 1 20%. The Texel is a meat breed and has been used widely i n  crossbreeding 

programmes throughout New Zealand ( Meadows, 1 997). 

Di fferences have been observed between the performance and behaviour of Finn and 

Texel ewes and their lambs. Anecdotal evidence suggests that Texel lambs are 

extremely vigorous at bi rth and have higher surv ival rates. Breeders have stated at Field 

Days that lamb losses are as low as I 0% from scanning to docking in Texel compared 

with the national flock average of 30% lamb losses over the same t ime period. Breeders 

also believe that Fi nn ewes employ communal lamb raising behaviour. The variation of 

motheri ng abi l i ty within and between breeds gives promise of scope for genetic 

improvement of this imp01tant characteristic (Manktelow, 1 996), therefore the 

investigation of Finns and Texels warrants further investigation. 

The objecti ve of Chapter 5 was to investigate the performance of Finn and Texel ewes 

and lambs to weaning. Comparisons between Fi nn and Texel reproductive and postnatal 

performance were made. 

5.3 Materials and Methods 

5 .3 . 1 Animals and Measurements 

Straightbred Texel and Fi nn primiparous 2 year old ewes and thei r straightbred progeny 

were monitored i ntensively from mat ing through to l amb weaning in 200 I .  

Approximately I 00 ewes of each breed were included i n  the study. 

The research was carried out on a commercial sheep farm that al lowed acce s to both 

breeds and in tens ive moni tori ng throughout lambi ng. The an imals i ncluded in the trial 

were fu l ly performance recorded. One year of lambing data were i ncluded in the 

analyses . 
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Straightbred Finn rams were si ngle s ire mated to 1 8  month old Finn ewes from the 26th 

March to the 26th Apri l (3 1 days). Straightbred Texel rams were joi ned with Texel ewes 

on the 23rd March and removed the 25th Apri l (33 days). Mating harnesses were used 

and the raddle colour changed every ten-days. Trial ewes were pregnancy scanned on 

the I I th J une and weighed on the 1 5th June. 

Pre-mat ing weights were recorded on the 1 6th March. Pregnancy scanning weights were 

recorded 1 5th June (day 75 of pregnancy) and a pre- lamb weight was recorded 8th 

August. Weight change were calculated between each of these mea urements; weight 

change early pregnancy (di fference between mati ng and pregnancy scanning 

l i veweight); weight change late pregnancy (difference between pregnancy scann i ng and 

lambing) and overal l weight change from mat ing to lambing. 

Mean lambing date was 3 1 st August and 5th September for Finns and Texels 

respecti vely. Finn  and Texel ewes were run separately pre and post lambing, however 

they were subject to the same feed and stock management. 

Ewe l i tter ize at b irth and at wean ing was recorded. Li tter survi val was measured from 

birth to weani ng and was calculated by div iding l i tter size at weaning by l i tter s ize at 

b irth and recorded as a percentage. Weight of lamb weaned per ewe mated was recorded 

for each ewe. Ewes that lost an entire l i tter were i ncluded in  the analysi s as rearing zero 

kg of lamb to weaning. 

The maternal behaviour score (MBS) of each ewe was measured within 8 hours of bi rth 

on the bas is  of thei r response to the shepherd tagging thei r lambs on a 6-point scale 

from I (ewe leaves lamb and does not return )  to 6 (ewe remains wi thi n I m of lamb and 

makes physical contact with lamb) (score modified by O'Connor, 1 996). The modified 

MBS was used in this study as i t  became apparent at the start of the tlial that some ewes 

made contact with thei r lambs whi le thei r lambs were tagged by the shepherd. The 6-
poi nt score recorded this behaviour. 

Lamb birth weight was recorded at tagging when the lamb was between 5 and 8 hours 

old. Lamb weight at weaning ( 1 6th January 2002) was recorded and lamb growth rate 

was calcu lated by subtracti ng b irth weight from weaning weight and div id ing by the 
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number of days from date of bi 1th unti l  date of wean ing. Growth rate was recorded in 

grams per day. Lamb survi val was recorded at tagging and weaning. Lamb survi val was 

recorded as a b inary trait; those that survi ved were given a score of one while those that 

died were gi ven zero. 

Li tter survival and lamb survi val are treated as two separate but re lated trai ts. Li tter 

survi val is measuri ng a ewe' s abi l i ty to rear al l of her lambs whi le lamb surv ival is 

measwing an i nd ividual lamb's abi l i ty to surv ive. 

Dead lambs were col lected over lambing and sent for post mortem to determine time 

and cause of death. The fol lowing times of death were identified; ante parturient, 

partwient, immediate post pa1turient, delayed post parturient and late post parturient 

(Duff, 1 98 1  ). 

5 .3 .2  Animal Environment 

The farm is located on the Takapau Plains, Hawkes Bay, New Zealand (40° South and 

1 76° East). The average dai ly temperature throughout lambi ng was 1 1 .2°C (m  in - I  oc 
and max 22°C). The average dai ly rainfal l for the lambing period was 1 .3mm 

(maximum dai ly rai nfal l  48mm). The average w ind  speed recorded was 8km/hour (min  

2km/hour, max 28 km/hour). 

The ewes included in the study were set-stocked over 2 1 .6 hectares at an average 

stocki ng rate of ten ewes per hectare throughout lambing. Fi nn ewes were set-stocked i n  

paddocks; A, B and C .  Texel ewes were set-stocked in  paddocks D and E. Paddock 

residual pasture covers were recorded weekly throughout lambing and ranged from 600 

to I 000 kgDM/ha at the start of the trial i n  early August. Residual pasture cover 

i ncreased throughout the trial to reach between 1 200 and 2000 kgDM/ha by mid 

September. Paddock contour was flat for al l paddocks and each paddock had s imi lar 

shel ter. 

5 .3 .3 Statistical Analyses 

Animal performance records were col lected and used to generate data sets to enable 

breed comparisons. General ised Li near Model (GLM) procedures were used to analyse 
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the data (SAS, 2002). Prel im inary analyses were aimed at ident ifying which effects 

should be i ncluded in  the l i near models for the main  analyses. Trai ts recorded before 

ewes were set-stocked prior to l ambi ng, were compared using a imple l i near model .  

Fi nn and Texel ewes were al located separate paddocks prior to lambing so that thei r 

behaviour could be observed i ndependent of the effects of the other breed. A ne ted 

design was used to analyse the performance traits from parturit ion. The fol lowing GLM 

model was used : 

Yijk = J..L + A i + Bij + �Xijk + eijk 

where Yijk i s  the record of the k1h ewe of the /h paddock within the i1h breed, 

J..l is the general mean, 

Ai i the fi xed effect of the i1h breed, 

Bij is the random effect of the/h paddock nested withi n the ilh breed, 

� is the regression of Y (e.g. weight of Jamb weaned) on the covariate tested 

(e.g. l i tter weight at bi rth), 

Xijk i s  the covariate tested (e.g. mat ing weight), 

eijk i s  the random re idual effect unique to Yijk· 

Least squares mean for ewe and lamb breed were deri ved. Effects of variable such as 

bi rth weight, date of b irth, ewe mati ng weight, l i tter size at birth and ewe weight change 

from pregnancy canning to lambing and other referred to i n  section 5 .3 . 1 ,  were 

evaluated by i ncluding these as covariables i n  the model (Xijk) .  Tho e with a ignificant 

effect on the dependant variable (e.g. weight of lamb weaned) were retained if  

significant a t  P<0.05 .  

Lamb post mortem data were analysed using chi-squared procedure . 

5.4 Results 

5 .4. 1 Ewe Pre-lambing Performance 

Texel ewes were significantly heavier than Fi nn ewe at mati ng, pregnancy scanni ng 

and pre- lambing (Table 5 . 1 ) .  Mating weight had a sign ificant effect on weight pre­

lambing (P<O.OOO I ) . Heavier ewes at mating were heavier at lambing (r=0.68 for Finns 

and r=0.80 for Texels, P<0.05) .  Despite the di fference in mating weight between the 
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two breeds, 50% of al l Fi nn ewes were mated i n  the fi rst ten-day period compared to 

28% of Texel ewes. 

Table 5. 1 The effect of ewe breed on pre-lambing performance (least squares mean :!: 
standard error). 

Trait Finns Texels 
Number of ewes 9 1  98 

Mating weight ( kg) 45.6 ± 0.5 1 5 1 .6 ± 0.488 
Pregnancy scanning weight ( kg)  43.6 ± 0.494 46.8 ± 0.48 1 
Pre lambing weight (kg) 49. 1 ± 0.474 47.2 ± 0.638 

Weight d i fference early pregnancy 1 
-2 .5 ± 0.287 -4.3 ± 0.276 

Weight d i fference late pregnane/ 2.5 ± 0.309 1 .8 ± 0.394 
Weight d i fference from mating to lambing 0.20 ± 0.474 - I .  7 ± 0.638 
ns = not signiticant;  * P<0.05; ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  
1 L iveweight at mating subtracted from l i veweight at pregnancy scanning. 
2 Liveweight at pregnancy scanning subtracted from l i veweight prelambing. 

p 

* * * *  
* * * *  

* 

* * * *  
ns 
* 

Fi nn and Texel ewes lost weight i n  early pregnancy (Table 5. 1 ). Texel ewes lo t 

s ignificant ly more weight from mati ng to pregnancy diagnosis than Finns. Mating 

weight was a significant factor affect ing weight change from mat ing through to 

pregnancy diagnosis (�=-0. 1 7  ± 0.038 1 , P<O.OOO I ), where heavier ewes at mat ing lost 

more weight in early pregnancy. 

Texel ewes lost weight between mati ng and lambing whereas Finn ewes gained weight 

(Table 5 . 1 ). Mati ng weight (�=-0. 1 7  ± 0.062, P<O.O I )  and l i tter size diagnosed at 

pregnancy scanning (P<O.OOO I )  had sign ificant effects on l i ve weight change between 

mat ing and lambing. Heavier ewes at mating lost more weight up to lambing. Ewes with 

a si ngle lamb lost 3 .6 ± 0.423 kg, ewes with a twi n l i tter lost 0.4 ± 0.493 kg and ewes 

with triplet l i tters gained 1 .7 ± 1 .0 1 5  kg. 

5.4.2 Ewe Lamb Rearing Performance 

Litter size at bi rth was significant ly greater for Fi nns than for Texel s, however l i tter size 

at weani ng did not di ffer between breeds (Table 5 .2 ). Therefore Finn ewes lost more 

lambs up to weaning. Both mating weight and weight change i n  early pregnancy 

significant ly affected l i tter size at b irth (�=0.05 ± 0.009, P<O.OOO I and �=0.06 ± 0.0 1 7, 

P<O.OO I respectively). The fol lowi ng factors had a significant effect on l i tter size at 

weaning: l i tter size at birth (P<O.OOO I ), lamb birth weight (�=0.26 ± 0.07 1 ,  P<O.OO I ), 
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ewe M BS (�=0. 1 4  ± 0.054, P<0.05 ) and weight change i n  early pregnancy ( �=-0.04 ± 

0.023, P<0.05) . 

Table 5.2 The effect of ewe breed on lamb rearing petformance (least squares mean f 
standard error). 

Trait Finns Texels p 
Litter size at birth 2.0 ± 0.067 1 .2 ± 0.06 1 **** 
Litter size at  weaning 1 .2 ± 0. 1 1 5 0.8 ± 0. 1 24 ns 
Litter weight at birth ( kg) 5. 1 ± 0. 1 82 6.0 ± 0. 1 85 * 
Weight of lamb weaned per ewe ( kg) 27.5 ± 2 .4 1 3  22.0 ± 2.453 * 

ns = not signi ficant; * P<0.05; ** P<O.O I ;  *** P<O.OO I ; **** P<O.OOO I . 

Litter size at b irth was greatest for Finn  ewes however Texel ewes had heavier l i tter 

weights at b irth. Texel ewes tended to have sl ight ly heavier l i t ters (P=0.06) .  The weight 

of lamb weaned per ewe di ffered between breeds. The fol lowing factors significant ly 

affected weight of lamb weaned per ewe: l i tter size at birth ( P<O.OO I ), lamb birth weight 

(�=5.77 ± 1 .908, P<O.O I ), ewe M BS (�=3 .2 ± 1 .264, P<0.05), pre-l ambing l i ve weight 

(�=0.76 ± 0.295, P<0.05) and weight change in early pregnancy ( �=- 1 . 1 1 ± 0.536, 

P<0.05). Ewes that had higher MBS at taggi ng weaned an addi tional 3 .2  kg for each 

addi tional unit of MBS.  

The average MBS for Fi nn ewes (2 .5  ± 0. 1 37 )  was significant ly lower than for Texels 

(3 .6 ± 0. 1 28)  ( P<O.O I )  (Chapter 7 i nvestigates the effect of MBS further). 

5 .4.3 Lamb Performance to Weaning 

Lamb survival to tagging and weaning was not s ignificant ly different between breeds 

(Table 5 .3 ). 

Texel lamb bi rth weight was significant ly h igher than that recorded for Fi nn lambs 

(Table 5.3)  and was signi ficant ly affected by l i t ter size at b irth (P<O.OOO I ), ewe l i ve 

weights pre-mating ( �=-0.04 ± 0.0 1 5 , P<O.O I )  and pre- lamb (�=0.09 ± 0.0 1 3, 

P<O.OOO I )  and day of b irth (�=0.03 ± 0.007, P<O.OOO I ) . Texel lamb weight at weaning 

was significantly higher than that for F inn lambs and was significantly affected by b i rth 

weight (�=3 .09 ± 0.435, P<O.OOO I )  and day of bi rth (�=-0.26 ± 0.05 1 ,  P<O.OOO I )  (Table 

5.3) .  Factors signi ficant ly affect ing lamb growth rate to weani ng i ncluded: l itter s ize at 
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birth ( P<0.05 ), birth weight (�=8.6 ± 3.8 1 ,  P<0.05) and ewe weight change i n  late 

pregnancy (�=3 .7 ± 1 . 1 74, P<O.O I ) . 

Table 5.3 The effect of lamb breed on performance to weaning (least squares mean i: 
standard error). 

Trait Finns Texels p 
Number of lambs 1 58 1 2 1  

B irth weight ( kg)  3.3 ± 0.08 3.9 ± 0. 1 09 * 
Wean ing weight ( kg) 22.2 ± 0.54 1 27.6 ± 0.662 * 
Growth rate to weaning (g/day) 1 33 ± 4.075 1 77 ± 5.0 1 6 * 

Lamb surv ival from birth to tagging 0.86 ± 0.075 0.70 ± 0.088 ns 
Lamb survival from birth to weaning 0.67 ± 0.089 0.48 ± 0. 1 05 ns 

ns = not significant ; * P<0.05: **  P<O.O I : *** P<O.OO I ;  **** P<O.OOO I .  

From post mortem analyses, t ime of death di ffered significant ly between Finn  and Texel 

lambs (P<0.05 (Figure 5 . 1 ) . The predominant t ime of death for Finn lambs was delayed 

post-parturient (characteristic of starvation/exposure) whereas the predomi nant t ime of 

death for Texel lambs was at partur i t ion (characteristic of dystocia) . Time of lamb death 

did not di ffer significant ly when compari ng post mortem results of twin lambs from 

both breeds. The t ime of death for the majori ty of twi n Fi nn and Texel lamb was 

delayed post parturient. 

Figure 5. 1 Post mortem results for Finn and Texel lanzbs. 

Late Post Parturient 
Death 

72 

Delayed Post 
Parturient Death 

Immediate Post 
Parturient Death 

Parturient Death 

Ante Parturient 
Death 

I I 

I 

I 

� 
0% I 0% 20% 30% 40% 50% 60% 70% 80% 

Percentage of Lamb Deaths 

• Texel Lambs 

0 Fi nn Lambs 



Chapter 5 

5.5 Discussion 

To e l iminate any effects of previous lambing experience on ly primiparous ewes were 

observed under simi lar farming conditions. Poor maternal behaviour in prim iparous 

ewes i s  often considered a cause of lamb death (Arnold and Morgan, 1 975) .  Lamb 

survi val rate to weaning were low and simi lar for prim iparous Finn and Texel ewes i n  

th i s  study. Li tter size was signi ficant ly higher for Finns than for Texels (2 .0 and 1 .2 

respecti ve ly)  and Fi nns weaned greater lamb weights than Texel (27.5kg versu 22kg), 

however l i tter weight at birth and l i tter surv ival to weani ng was s imi lar for the two 

breeds. Holmes ( 1 976) reported s imi lar fi ndi ngs for Finn ewes observing that they 

produce l i tters of l ight lambs and that "few surv ive without opt imum phy ical and social 

condi tions". He also suggested that Finn ewes showed dysepimelesi s and ob erved that 

the highly act ive lambs were successfu l  at locat ing the teat but that they were general ly 

i neffecti ve at suckl i ng. Perinatal behaviour of Fi nns and Texels was investigated i n  

Chapter 6. 

Overseas i nformation suggests that at the same l i tter size and ratio of lamb birth weight 

to mature size, more prol ific sheep such a Finns have higher lamb viabi l ity and lower 

optimum b i rth weights (Gama et al., 1 99 1  ) . ln this study Finns were noted for their poor 

lamb surv i val, however thei r lower l i tter weights at bi 1th trans lated i nto greater weight 

of lamb weaned compared to Texels. 

Finn  lambs are born with l i ttle fat cover and very fine fleece, making them prone to 

exposure even up to two weeks after bi rth (Cook, 1 996). However, Fi nn crosses appear 

to have higher lamb survi val than pure Finns (Geenty, 1 997). The predomi nant cause of 

lamb death in Texels was dystocia as a result of relati ve foetal oversize. Dal ton et al. 

( 1 980) also reported that the most frequent causes of death were dystocia among si ngles 

and starvation exposure among mul t iples. 

The farm manager attempted to ubject Fi nn and Texel ewes to the ·ame management 

treatment from mat ing through to lambi ng. However it appears that Finn ewes require 

less feed compared with Texel ewes to mai ntain l i ve weight throughout pregnancy. 

Texel ewes lost more weight in the early tages of pregnancy when compared with Finn 

ewes. Finn ewes gai ned weight i n  the later stages of pregnancy and consequently on 
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average gained weight throughout pregnancy whi le the Texel ewe lost weight. Despite 

this dystocia was the predomi nant cause of death for Texel lambs. It is important to 

remember that foetal weight is i nc luded i n  the ewe l i ve weight. Finn ewes were 2kg 

heavier than Texels prior to lambing, however Texel ewe l i tter weight at bi rth was 

nearly I kg heavier than Fi nns. 

Good ewe nutri t ion i s  essential for optimum birth weights of mult iple lambs. Placental 

development is especial ly impottant in ewes lambing 1 50% or more to ensure lambs are 

sufficiently heavy at birth to min imise deaths from starvat ion/exposure. Ideal ly ewes 

with multiple foetuses shou ld be identified as early as possible, separated and 

preferential ly fed (Geenty, 1 997 ). 

Selection of sheep that produce lambs with a good abi l i ty to surv i ve and thri ve requires 

more attention . Crossbreeding is one of the tools that successfu l farmers can adopt, 

however crossbreeding and the result ing heterosis cannot remedy the results of poor 

feeding or breeding (Anon, 1 998) .  

5.6 Conclusions 

Li tter si ze at b irth was significant ly higher for Fi nns than for Texels (2 .0 and 1 .2 

respecti vely), however l i tter survi val rates were s imi lar between the two breeds. Texel 

l i tter weight at bi rth was heavier than for Fi nns, however Finn ewes weaned an 

additional 5.5 kg when compared with Texels. 

Introduction of prol ific breeds do not contri bute to substantial i ncreases in weight of 

lamb weaned through increased l i tter s ize. Heavier bi rth weights observed i n  Texels 

may not contribute to i ncreased v igour if lamb bi rth weights are excessi vely large 

enough to cause dystocia particu larly i n  maiden ewes. We cannot assume that good 

mothering abi l i ty is closely associated with prol ificacy, patticularly for Finns .  Holmes 

( 1 976) also observed reduced mothering abi l i ty in Finns. He suggested that the reduced 

'maternal dri ve ' ,  could have ari sen through lack of selection pressure associated with 

se lection for prol i ficacy and from the high degree of husbandry. 
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Investigat ion of the performance of the F l  progeny result ing from a Finn  Texel regular 

cross i s  requi red to determi ne i f  these breeds combined can improve lamb-rearing 

abi l i ty to weani ng through exploitation of complementari ty and heterosis .  
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Chapter 6 

6. 1 Summary 

Post partUiient behaviours of Finn and Texel ewes and their lambs were moni tored 

under commercial conditions and a re lationship sought between this and lamb survival 

to weani ng. 

The time in terval between the b i rth of the fi rst and second born twin lamb was longer 

for Texels, al lowing Texel ewes to bond more effecti vely with thei r fi rst born before the 

b irth of the second twi n .  Texel ewes with twins were observed for longer. 

Texel lamb surv ival to weaning was greatest when Texel ewes quickly made contact 

with the ir  lamb fol lowing bi rth (withi n 2 minutes) and for lambs that located thei r dam's 

udder wi th in 30 minutes from b irth . Fi nn lamb survival to weaning was improved when 

Finn  lambs were more vocal after bi rth, when Finn ewes showed less flocking 

behaviour as i ndicated by MBS and where Finn ewes spent a greater proportion of time 

grooming thei r lambs. 

Variation in perinatal behaviour within and across breeds was large and therefore 

potential exi sts for improving the abi l i ty of the ewe and lamb to bond successfu l ly at 

partu rit ion by selecti ng for some of the behaviours identified i n  this study that 

encourage lamb survival to weaning. 

6.2 Introduction 

Lamb mortal i ty is regarded as a major constraint to efficient sheep production in New 

Zealand (Geenty, 1 997) .  Dysepimelesis, or lack of maternal care, of ewes producing 

large l i tters may be an important factor contributing to high lamb mortal i ty both at bi 1th 

and up to wean ing ( Holmes, 1 976). 

The fi r t hour post-partum is the mo t important i n  the establ ishment of an exclu i ve 

mother-young bond (Alexander et al., 1 986) and the behaviour of the ewe before, 

duri ng and after parturition has a major influence on lamb surv i val (Nowak, 1 996). 

78 



Chapter 6 

The behaviour of both the young and the mother i s  imp01tant and fai lure of the lamb 

and ewe to i nteract properly can result i n  lamb death and a reduction of profi t to the 

farmer (O'Connor and Lawrence, 1 992a). Maternal behaviour at parturit ion is critical to 

lamb survival (O'Connor et al., 1 985 ; Astroshi and Osterberg, 1 979). Poi ndron et al. 

( 1 980b) emphasi ed the importance of lamb behaviour and reported that the behaviour 

of the neonatal lamb infl uences the maternal responsiveness of the ewe. However 

Dwyer and Lawrence ( I  999a) reported that the ewe shows only a smal l responsiveness 

towards behavioural changes in her lamb and that ewe attachment behaviours are 

control led by i ntri nsic factors and are i nsensiti ve to the lamb. 

Some studies have demonstrated breed difference in perinatal ewe behaviour and 

neonatal lamb behaviour (Dwyer and Lawrence, I 999a; Fah my et al., 1 996) but studies 

investigati ng ewe and lamb behaviour conjoint ly are carce and re earch i nvolv ing ewe 

lambing at pasture is even more infrequent as objecti ve behavioural studies at 

parturi tion require a high labour i nput (C loete et al. , 2002). Little i known about the 

maternal behaviour of highly fecund sheep and even less is known of maternal 

behaviour of tho e sheep under New Zealand farming condi tion . The majori ty of 

research to date cannot be related to New Zealand sheep farming conditions as 

husbandry practices here di ffer. Field research is l im i ted with the majori ty of outdoor 

studies performed on Meri nos, which are not natural ly fecund. 

Thi s study was carried out i n  200 I to ident ify any behaviour and performance 

di fferences between straightbred prim iparous Finn and Texel ewes and thei r lambs 

under commercial condi t ions. Anecdotal evidence suggested that there were some 

phenotypic di fferences in the behaviour and performance of Finn and Texels (see 

Chapter 5) .  Holmes ( 1 976) observed that Fi nn ewes were more interactive in frequency 

and variety of encounters in group lambing where they were observed l icking alien 

lambs and Fi nn lambs wou ld suck colostrum from alien ewes immediately post-partum. 

The aim of this study was to monitor the behaviour of Finn and Texel ewes and their 

lambs immediately after birth and relate these behaviours to lamb survi val to wean ing. 

Chapter 7 i nvestigates the strength of ewe-lamb attachment at tagging and relates these 

behaviours to lamb survi val to wean ing. Chapter 7 also i nvestigates the relationship 

between post-parturient and tagging behaviours. 
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6.3 Materials and Methods 

6.3 . 1 Animals and Measurements 

The behaviour of straightbred Texel and Finn prim iparous 2 year old ewes and thei r 

straightbred progeny were monitored at parturition i n  200 I .  Approximately I 00 ewes of 

each breed were i nc luded i n  the study which was carried out on a commercial sheep 

farm . I ndividual l i tter size was known prior to lambing, as ewes had been pregnancy 

scanned at about day 75 of pregnancy. 

The two breeds were separated for the duration of the study (from the gth of August to 

the 301h of September) (see Chapter 5). Ewes were set-stocked at ten ewes per hectare 

and were observed under pastoral grazing conditions. Fi nn and Texel ewes were 

separated prior to lambing so that their behaviour cou ld be ob erved i ndependent of the 

effects of the other breed. Paddocks had s imi lar residual pasture cover, degree of she l ter 

and contour. 

Two shepherds moni tored the ewes on foot between 7am and 6pm dai ly  for two weeks 

prior to lambing to al low the ewes to become habi tuated to human presence and 

throughout lambing. Ewes had been previously ear-tagged so that they cou ld be 

indiv idual ly identified from a di stance and bi noculars were used if necessary. 

Only a few animals were observed at parturition (Table 6. 1 ) . Ewes with trip lets were 

excluded from the analyses due to i nsufficient numbers as were ewes assisted by the 

shepherd at birth. Hal f of the Texel ewes with a si ngle lamb required assi stance wi th 

parturition (Append ix  6.9). 

Table 6. 1 Number of animals included in analyses. 

Number of animals at Number of animals a l ive at 
Parturi tion Wean in  

Finns Texels Finns Texels 
Total Number of ewes 20 1 9  1 9  1 9  
Number of ewes with l i tter s ize I 8 1 0  7 1 0  
Number of ewes with l i tter size 2 1 2  9 1 2  9 

Total number of lambs 32 28 1 4  25 
Lambs from l itter size I 8 1 0  4 9 
Lambs from l i tter size 2 24 1 8  1 3  1 6  
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Perinatal behaviour data were col lected i n  the field from a distance of approximately 

20m. Close observation during day l ight hours ensured that the parturition process could 

be predicted and subsequently observed and recorded. The observation period 

commenced from expulsion of the fi rst lamb to 30 mi nutes after the last of the l i tter was 

born. The observation period varied depending on l i tter size and the time taken between 

b irths of twin lambs. The total recording period for ewes hav ing a i ngle lamb was 30 

minutes, however for ewes hav ing twins this t ime varied and was dependant on the time 

taken between expulsion of the first and second twi n (Table 6.4, Figure 6. 1 ) . Date of 

parturition and paddock were recorded for each ewe and t ime of parturit ion was 

recorded for each lamb. 

For ewes hav ing twin  l i tter , observations were recorded for three periods: 

• First born; before the b irth of the second twin lamb (FB), 

• Second born; for 30 minutes from expulsion (SB), and 

• First born; from expulsion of the second twin lamb (FB when S B). 

The observation t ime for si ngle lamb and for econd-born twin lambs was 30 mi nutes. 

The observation t ime differed between fi rst born twin lambs and was dependent on the 

time taken for the ewe to give b irth to the second twin (Table 6.4). 

The ewe behaviours recorded were, time to fi rst contact lamb, t ime spent grooming 

lamb and the frequency of sniffi ng the lamb, withdrawing, butti ng, fac i l i tati ng sucki ng 

and preventing sucki ng. Lamb behaviours recorded were, time from expulsion to tand, 

locate the udder and suck from the ewe. Frequency of bleats wa al o recorded. The 

defi n it ions of ewe and lamb behaviours are described i n  Table 6.2 . 
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Table 6.2 Definitions of ewe and lamb behaviours recorded after birth. 

Behaviour 
I .  Ewe behaviours 
Lamb contact 
Grooming I lL 
Sniffing/Nosing I lL 
Faci l i tates suckin� DJ .  
Prevents sucking JJ . 

W ithdrawing I lL 
Buning DJ . 

Abandonment/rejection DJ . 

H igh-pitched ewe bleats 

Low-pitched ewe bleats 

2. Lamb behaviours 
Stands I lL 
To udder DJ . 
Successful suck I lL 

B leats 

Descript ion 

Time from birth to lirst physical contact with lamb ( nose the lamb). 
Licking and n ibbl i ng of the lamb. 
Ewe touches the lamb with her nose, but does not groom. 
Ewe crouches turns one leg out to aid lamb sucki ng. 
Ewe moves as the lamb moves to udder and attempts to suck. Ewe 
movements i nc lude: c irc l ing. backing or forward movements. 
Ewe moves back d irectly from the lamb at her head ( 2+ steps ). 
Ewe pushes lamb down or away with downwards, sideways or forward 
movements of her head. 
Ewe does not groom the lamb, leaves the lamb soon after birth, butts the 
lamb if approaches, frequently accompan ied by high-pitched bleating. 
Made with the mouth open and by ewes when they are separated from 
their lambs. 
Made with the mouth closed and when the ewe is in close proxi mi ty to 
the lamb. Sometimes referred to as ·rumble' cal ls. 

Lamb supports i tsel f  on all four feet for at least tive seconds 
Lamb's  head n udging ewe in udder region. Lamb standing.  
Lamb standi ng and has teat i n  mouth. appears to be sucking for at least 5 
seconds. 
The number of bleats was recorded for each lamb. 

· as described by Dwyer and Lawrence ( 1 999a). 

Physical markings were used to identify i ndi vidual twin lambs duri ng the observation 

period. At the end of the observat ion period lambs were spray marked so that first born 

(FB) and second born (SB) lambs cou ld be ident i fied from their tag number and 

moni tored to weaning ( 1 61h January, 2002 ) (Appendix 6.8) .  This  also ensured that 

parentage was 1 00% accurate because the lambs were permanent ly identified at ear 

taggi ng, approximately 8 hours after bi rth .  

The maternal behaviour score (MBS)  of each ewe was determined at the end of the 

observation period on the basis of their response to the shepherd spray mark ing their 

lambs (Table 6.3)  (score modified by O'Connor, 1 996). 

Table 6.3 Description of the maternal behaviour score used in this study after 
parturition. 

Description of the Maternal Behaviour Score ( M B S )  M B S  
Ewe tlees as the shepherd approaches. shows n o  interest i n  lambs and does not return I 
Ewe retreats further than I 0 metres. comes back to her lambs as the shepherd leaves 2 
Ewe retreats to such a distance that tag ident i lication is d iflicult (5- I 0 metres) 3 
Ewe retreats but stays within 5 metres 4 
Ewe stays close to the shepherd during handl i ng of her lambs 5 
Ewe makes contact with her lambs while they are being handled by the shepherd 6 
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The MBS i s  normal ly  evaluated when lambs are between 1 2  and 24 hours old, however 

in this study the MBS was evaluated twice, at the end of the ob ervation period after 

birth and when the lambs were between 5 and 8 hours old at taggi ng (Chapter 7) .  

Lamb birth weight and sex were recorded at tagging (Chapter 7) .  Lamb surv ival in this 

study was recorded from parturition to wean ing. Lambs that survi ved to weani ng were 

gi ven a score of ' I '  and l ambs that died were gi ven a score of '0' . 

Lambs were weaned on the 1 61h of January 2002. Their growth rate was calculated by 

subtracting birth weight from weaning weight and d ivid ing it by the number of days 

from birth to weani ng. Growth rate was recorded in grams per day. 

Lamb birth weight, weaning weight and growth rate were analysed eparately  for l ambs 

observed at parturit ion (Append ix  6.8 ). The di fferences between fi rst and second born 

twins were determi ned. 

6.3 .2 Stat istical Analyses 

This study i s  a simple comparison between breeds as the number of ewes and lambs 

restricted the rigour of stati stical analyses that cou ld be appl ied. The tat istical model 

used i n  Chapter 6 and Chapter 7 differs from that used i n  Chapter 5 .  Analyses i n  

Chapter 5 showed that the effect of  paddock nested within breed was not s ign i ficant for 

production trai ts mea ured from bi rth and therefore the statistical model was modi fied. 

Within and across breed analyses were performed for a l l  ewes and thei r lambs (Table 

6. 1 ).  Order of birth was fitted for twi n l i tters to detect d i fferences in behaviour and 

performance between fi rst (FB) and second born (SB)  lambs. 

Di fferences between breeds withi n l i tter size (and order of birth for twin l i tters) for 

conti nuous behaviour trai ts and lamb performance traits were tested u i ng PROC 

MfXED which uses restricted/residual max imum l ikel i hood (REML) methods to 

estimate the random effect (SAS, 2002). The fol lowi ng simple univariate mixed l i near 

model was fitted to test for the fixed effects of ewe breed, l i tter ize (at birth or order of 

birth for twins) and the i nteraction between ewe breed and l i tter size. 
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The fol lowing l i near model was used : 

Yijk = !..! + A i + Lj + ALij � t Xijk + eijk 

where Yijk i s  the record of the k1h dam of the i 1h breed with the j1h l i tter size, 

1.1 is the general mean, 

Ai is the fi xed effect of the i 1h breed, 

Lj is the fi xed effect of the j1h l i tter size, 

A�j is the fi xed in teraction effect of the i 1h breed and the /h l i tter size, 

Xijk i s  the trait measured (e.g. lamb birth weight, ewe l i veweight, pasture cover) 

in the i 1h breed of the /11 l itter size, 

� 1 is the regression of the trait of i nterest (e.g. MBS)  on the covariable (e.g. lamb 

b i rth weight, ewe l i veweight), and 

eijk is the random residual effect un ique to Yijk .  

The covatiance structure of the data was model led usi ng the REPEATED and GROUP 

options where the heterogenous variance structure of breed was specified. Least squares 

means for the mai n factors affect ing the trait of i nterest were est imated. 

Behaviours that occurred infrequently, or were performed by relati vely few animals 

were analysed using Chi -squared tests. PROC CATMOD (SAS, 2002) was used to 

analyse categorical dependent behaviour traits (e.g. 0 = did not h igh-pi tch bleat, I = did 

high-pitch bleat) and lamb surv ival to weaning (0= dead and I = al i ve) . Weighted least 

square estimates for the fixed effects of breed and l i tter size at bi rth and the i nteraction 

between breed and l i tter size were derived by Chi-squared procedures (X2). 

The L lFETEST procedure (SAS, 2002) was used to compute and plot the distribution 

estimate of ewe and lamb t ime related behaviours after partuti tion, such as ewe-lamb 

contact time, t ime for lamb to stand, locate the udder and suck. These behaviour 

observations are skewed and right-censored due to the termi nation of the experiment 

( i .e. thirty minutes after lamb bitth). This analysi s procedure correctly uses the censored 

observations as wel l  as the non-censored. The LIFETEST procedure generates a 

survi val distribution function (SDF) and is used i n  this case to describe the behaviour 

t imes. 
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The SDF evaluated at t ime (t) ( i .e. 30 minutes) is the probabi l i ty that a lamb of a 

particular breed and l i tter size w i l l  have a 'behaviour' ti me exceedi ng t, that is :  

S(t) = Pr(T>t), 

where S(t) denotes the surv i val d istribution function and T is the behaviour time of a 

random ly selected lamb. The cumulative distti butive functions for each of the behaviour 

trai ts are graphical ly p lotted and are defined as 1 -S(t), that i s  the probabi l i ty that a 

behaviour t ime doe not exceed t ( i .e. 30 minutes). To determine whether the curves 

plotted are homogenous across breeds and or l i tter sizes (and order of birth ) (P>0.05), 

PROC L IFETEST provides two rank tests ( log-rank and Wi lcoxon). The Wi lcoxon test 

places more weight on early times and the log-rank test places more weight on longer 

ti mes. The a sociation between covariate and the behaviour time variable were 

i nvestigated using the Wi lcoxon Test and reported i f  s ignificant at P<0.05 . The 

covariate test are pooled across treatments and it i s  not possible to calcu late the 

d i rectional effect the covariate is hav ing on the dependent variable. 

6.4 Results 

6.4. 1 Ewe and Lamb Behaviour 

Mean Iambi ng day was the 3 1 51 August 200 I for Fi nn ewes and the 3rd September for 

Texels (Table 6.4). Twi nn ing Texel ewes lambed sign ificant ly  later than their Fi nn 

counterpart and later than Texel ewes with a si ngle lamb (Table 6.4). 

Table 6.4 Lambing day according to litter size, time between the birth of first and 
second born lambs for twinning ewes and observation period for Finn and Texel ewes 

included in this study (least squares mean r standard error). 

Lambing day of year 
Lambing day for l i tter size I 
Lambing day for l i tter s ize 2 

P (L itter s ize I and 2)  

Time between birth of fir t and econd 
born twin (hours) 
Recording t ime for l i t ter s ize one (hours) 
Record ing t ime for l i tter size two ( hours) 

Finns 

( 3 1 '' Aug) 242 ± 1 .9 
( 30'h Aug) 24 1 ± 2.8 
( I '' Sept ) 243 ± 2.4 

ns 

0.24 ± 0.05 

0.5 
0.74 ± 0. 1 4  

ns=not sign i ticant; * P<0.05; * *  P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  

Texels 

(3'd Sept) 245 ± I .8 
(30'h Aug) 24 1 ± 2.4 
( 8'h Sept) 250 ± 2.5 

* 

0.70 ± 0.24 

0.5 
1 .2 1  ± 0. 1 6  

p 
ns 

ns 
* 

* 

* 

The mean observation period (record ing t ime) di ffered for twi nning Finn (44 minutes) 

and Texel (73 minute ) ewes. Time between the birth of the first (FB)  and econd born 
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(SB ), was sign i ficantly longer for Texel s  than for Finns (43 minutes compared wi th 1 4  

minutes)  (Table 6.4). 

A compari son of cumulat ive di stributions for Texels and Finns i s  shown in Figure 6. 1 .  

Al l  Fi nn ewes had gi ven bi rth to twi n l i tters within 35 minutes from the birth of their 

first lamb (FB) .  The time between births was sign i ficantly longer for Texel ewes 

(Wi lcoxon mean 0.70 ± 0.24 hours )  than Finn ewes (Wi lcoxon mean 0.24 ± 0.05 hours) 

(Log-Rank P<O. l 0). 

Figure 6. 1 The effect of breed of ewe on the time between twin lamb births. 
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Texel ewes were quicker to contact thei r si ngle lamb after bi 1th and a greater proportion 

of Texel ewes had made contact ten mi nutes after bi 1th (Table 6.5, Figure 6.2). Finn 

ewes were quicker to make contact with thei r first-born twin lamb and al l first-born 

lambs had ewe contact within 3 mi nutes from bi 1th compared to 80% of Texels (Figure 

6.2) .  Texel ewes with twin l i tters were quicker to contact their second born twin than 

thei r first-born. Al l  second born Texel twin lambs had ewe contact 2 minutes after birth 

compared with 80% of first born lambs (Figure 6.2) .  

Cumulat ive di stributions were si mi lar between breeds for time to stand, locate and suck 

from their dam's  udder (Table 6.5, Figure 6.3, 6.4, 6 .5) .  The means, presented in Table 

6.5 show that it takes Finn and Texel lambs about I 0- 1 5  minutes to stand from birth, a 

further 5 minutes to locate the udder and an addi tional I 0 minutes to suck from their 
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dam. Day of bitth and ewe weight change i n  early pregnancy ignificant ly  affected t ime 

for si ngle lambs to stand and ewe weight change over pregnancy al o affected time for 

the first born twin to stand (P<0.05) .  Lambs took longer to stand after birth i f  thei r dam 

gained weight in pregnancy. The effect of day of birth affected t ime for s ingle lamb to 

locate thei r ewe's  udder, whereas ewe weight change over pregnancy affected the first 

born twins t ime to locate the udder (P<0.05 ) and lamb sex affected the second born 

twin 's  t ime to locate the ewe's udder (P<0.05 ) .  Fi rst born twi n lamb took longer to 

locate their dam's udder i f  thei r dam gained weight i n  pregnancy. 

Table 6.5 The effect of breed on ewe and lamb behaviour after birth ( Wilcoxon mean :t 
standard error). 

Behaviour Litter size Finn Texel Wi lcoxon Log-Rank 
p p 

Ewe-lamb contact Single 1 1  ± 4.8 2 ± 1 .07 n 0. 1 0 
t ime (m inutes) Twin FB 0.6 ± 0.28 1 .8 ± 0.87 ns ns 
Figure 6.2 Twin SB 0.9 ± 0.32 0.4 ± 0. 1 8 ns ns 

T ime to stand S ingle 1 0.5 ± 3.27 1 6.5 ± 3.36 ns n 

( minutes) Twin FB 1 3  ± 2 .67 1 6  ± 2 .52 ns ns 
Figure 6.3. Twin SB 1 4.5 ± 3.74 1 3 ± 1 . 1 7  ns ns 

T ime to locale udder S ingle 20 ± 3.77 1 5  ± 2.79 ns ns 
(m inutes) Twin FB 1 6 ± 2 .02 1 6  ± 0.87  ns ns 
Figure 6.4 Twin SB I S ± 3 .94 1 9 ± 2.32 ns n 

Time to suck S ingle 28 ± 3.04 26 ns n 
Figure 6.5 Twin FB 2 1 .5 ± 4.09 53 ± 1 7 .34 ns ns 

Twin SB 22 + 7. 1 8  1 6.6 ns ns 

ns=not significant at P<O.OS; * P<O.OS ; ** P<O.O I :  *** P<O.OO I ;  **** P<O.OOO I .  

Figure 6.2 The effect of breed on the proportion of single and twin Lambs to have ewe 
contact within ten minutes from birth. 
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Figure 6.3 The effect of breed on the proportion of single and twin Lambs to stand 
within thirtv minutes from birth. 
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Figure 6.4 The effect of breed on the proportion of single and twin lambs to locate their 
ewe 's udder thirty minutes after birth. 
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Figure 6.5 The effect of breed on the proportion of single and twin lambs to suck from 
their ewe 's udder thirty minutes after birth. 
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Ewe behaviour was s imi lar for Finns and Texels with a si ngle l amb, except Texel ewes 

sni ffed their si ngle lamb a greater number of t ime in the 30-minute ob ervation period 

(Appendi x  6.7) .  

Fi nn and Texel ewe signi ficantly reduced the amount of t ime grooming thei r first-born 

lamb when thei r second lamb was born and significantly groomed thei r econd born 

lamb more (Appendi x 6.7 and Figure 6.6) . Texel ewes groomed thei r fi rst-born twin 

lamb longer than Finn ewes, however the total ob ervation t ime wa shorter for 

twinning Fi nn ewes (Table 6.4). 

Texel twin lamb bleated a greater number of ti mes than Finn lamb . Fi r t-born Fi nn 

lambs bleated ignificantly more fol lowing the birth of the econd twin (Table 6.6). 

High b leat ing frequency was s imi lar between ewe breeds (Table 6.6). 

Figure 6.6 The effect of ewe breed on time spent grooming twin lambs. 
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Table 6.6 Lamb and ewe bleating behaviour after birth (least squares mean .i: standard 
error). 

Litter S ize Finns Texels p 
( Breed ) 

Lamb bleats ( ta l ly)  Single 25 ± 1 5 .09 47 ± 1 3.386 ns 

Twin FB 8 ± 9.688 60 ± 23.36 * 
FB when SB 35 ± 9.688 26 ± 23.36 ns 
SB 10 ± 9.276 62 ± 23.36 * 

P (FB when SB & SB) ns ns 
P ( FB & FB when SB)  * ns 

Proportion of ewes to Single 1 4% 1 0% ns 
High pitch bleat Twins 1 8% 0% ns 

P (s ingles and twins) ns ns 

Low ewe bleats ( tal ly) S ingle 1 23 ± 1 0 1  82 ± 84 ns 
Twins 300 ± 80 333 ± 89 ns 

P ( sinoles and twins) ns * 
ns=not sign i ficant at P<0.0.05 ; * P<0.05; ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  

Texel ewes fac i l i tated sucki ng thei r first-born twi n a greater number of ti mes than Finn 

ewes. However, Fi nn ewes tended to i ncrease this behaviour on arrival of the second 

twin (Appendix 6.7, Table 6.7. 1 ) . Fi nn ewes with a single lamb never butted their lamb, 

however a smal l number of Texel ewes with singles did (Appendix 6.7, Table 6.7. 1 ). 

This  may have been a di rect effect of i ncreased birth weight and i ncreased birthi ng 

problems, however due to an i nsufficient number of observat ions this analysis of 

covariance was not petformed. No ewes butted thei r second born lamb, however a smal l 

proportion of Finn and Texel ewes butted thei r first born fol lowing the birth of the 

second twin. A smal l proportion of Finn  ewes abandoned their s ingle lamb at b i rth. No 

ewes abandoned thei r twin lambs during the observation period (Appendix  6.7). 

Maternal behaviour score after b i rth s ignificant ly i ncreased as l i tter size i ncreased for 

Fi nns but not for Texels, however mean M BS for Texels was greater than that for Finns 

(Table 6.7). 

Table 6. 7 The effect of ewe breed and litter size on maternal behaviour score after birth 

(least squares mean .i: standard error). 

Litter Size All  

Al l  

S ingle 
Twins 

3.7 ± 0.243 
4.2 ± 0.226 

Finns Texels 

3.3 ± 0.294 4.6 ± 0. 1 53 

2.7 ± 0.444 4.7 ± 0. 1 97 
3.9 ± 0.385 4.6 ± 0.235 

P ns * ns 

p 
(Breed ) 

* * *  

* * *  
ns 

ns=not significant at P<0.05; * P<0.05 : ** P<O.O I ;  * * *  P<O.OO I ;  **** P<O.OOO I .  
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6 .4.2 Relationship Between Behaviour and Lamb Surv ival 

This section compares postnatal behaviour of lamb that survived to weani ng to those 

that did not. The timed behaviours for twi n lambs are presented in Table 6.8 and Figures 

6.7 through to 6.9. The ti med behaviours for si ngle lambs are presented i n  Table 6.8.2 

(Appendix 6.8) .  

Ewe-lamb contact t ime after birth was imi lar for Finn regardles of whether the lamb 

survived to weani ng or died (Table 6.8, Figure 6.7). Texel ewe- lamb contact t ime was 

significant ly longer for lambs that did not survi ve to weaning with only 50% ewe-lamb 

contact made i n  the first 2 minutes after bi rth compared to nearly I 00% in  tho e that 

survived to weani ng (Table 6.8, Figure 6.7). 

Time for the twin lamb to tand after birth was not s ignificant ly re lated to survi val to 

weani ng (Table 6.8, Figure 6.8). Texel lambs that did not locate the udder within th irty 

minutes from bi tth d id not survive to weani ng ( Figure 6.9). Ti me taken for Fi nn lambs 

to locate thei r ewe's  udder did not s ignificantly affect urv ival to weani ng (Table 6.8, 

Figure 6.9). 

Table 6.8 The effect of behaviour after parturition on twin lamb survival to weaning 
( Wilcoxon mean :1: standard error). 

Behaviour Breed Died Survived Wi lcoxon Log-Rank 
p p 

Ewe-lamb contact Finn 0.4 ± 0.23 0.9 ± 0.29 ns ns 
t ime ( minutes) Texel 4.2 ± 2 .25 0.7 ± 0.37 ns * 
Figure 6.7 

Time to stand Finn 1 6  ± 3 .5 1 2  ± 3. 1 3  ns ns 
( minutes) Texel 1 7  ± 5.29 1 4.5 ± 1 .56 ns ns 
Figure 6. 8 

Time to locate udder Finn 19 ± 2.72 1 2  ± 2.33 ns ns 
(m inutes) Texel na 1 9  ± 1 .73 ns ns 
Fi ure 6.9 

ns=not s ignificant at P<0.05; * P<0.05 : ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  
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Figure 6. 7 The effect of ewe-lamb contact time on twin lamb survival to weaning. 
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Grooming t ime did not sign i ficant ly di ffer between breed, with in l i tter s ize and between 

survi vi ng lambs and lambs that died before weani ng (Table 6.9) .  Finn twin lambs that 

did not surv ive to weaning bleated sign i ficant ly less after birth compared to twi n  Texel 

lambs that d ied (Table 6. 1 0). Finn  ewes with survi v ing si ngle lamb had higher M BS 

than their Texel contemporaries (P<O. I 0) (Table 6. 1 I ) . 

Table 6. 9 The effect of ewe grooming time on lamb survival to weaning ( least squares 

mean .i: standard error) 

Ewe Li tter size Breed Died Survived p 
Single Fin ns 5 ± 7. 1 5  22 ± 6. 1 9 ns 

Texels 22 ± 1 2.38 1 5  ± 4. 1 3  n 
P (Breed) ns ns 

Twins Finns 34 ± 5.3 26 ± 9. 1 8  ns 
Texels 1 8  ± I 1 .24 4 1  ± 6.0 I n 

P( Breed) ns ns 
ns=not sign i ficant at P<0.05; * P<0.05: * *  P<O.O I ; *** P<O.OO I :  **** P<O.OOO I . 

Table 6. 10 The effect of lamb bleating frequency on lamb survival to weaning (least 

squares mean .i: standard error). 

Ewe Litter size Breed Died Surv i ved p 
Single Finns 33 ± 25 19 ± 22 n 

Texels 22 ± 44 49 ± 1 4.5 n 
P ( Breed) ns ns 

Twins Finns 24 ± 30 1 35 ± 49 ns 
Texels 200 ± 6 1  1 33 ± 32 ns 
P( Breed ) * ns 

n =not sign i ticant at P<0.05 ; * P<0.05; ** P<O.O I :  *** P<O.OO I ;  **** P<O.OOO I .  

Table 6. 1 1  The e
f
fect of ewe MBS on lamb survival to weaning (least squares mean .i: 

standard error). 

Ewe Litter size Breed Died Survived p 
Single Finns 2 .0 ± 0.53 3.3 ± 0.53 ns 

Texels 4.0 ± 0.92 4.8 ± 0.3 1 ns 
P ( Breed) ns * 

Twins Finns 3.6 ± 0.29 4.3 ± 0.38 ns 
Texels 4.0 ± 0.46 4.8 ± 0.29 ns 
P( Breed ) ns ns 

ns=not sign i ticant at P<0.05 ; * P<0.05; * *  P<O.O I :  *** P<O.OO I ;  **** P<O.OOO I .  
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6.5 Discussion 

The t ime i nterval between the bi tth of the first and second born twin lamb was longer 

for Texels, al lowing Texel ewes more t ime to bond with their first born before the bi rth 

of the second twin .  Fah my et al. ( 1 996) reported a shorter time i n terval between bi rths 

of lambs for pro l i fic sheep compared to non-pro l i fic sheep. Texel ewes with twin l i t ters 

were observed for a signi ficant ly longer petiod than Fi nn ewes. 

The perinatal behaviours associated with the formation of the ewe-lamb bond, 

particu larly ewe-lamb contact and grooming di ffered between Fi nns and Texel s  in this 

study. Fi nn ewes appeared to contact their  first born twin quicker after bi rth than Texel 

ewes. A number of Finn ewes gave birth to their lambs standing up possib ly enabl ing 

them to make contact with their lamb sooner than the majori ty of Texel ewes who lay 

on thei r s ide to gi ve bi rth . Unfortunatel y  the posture while gi v ing b i rth was not 

recorded . 

The t ime to stand, locate the udder and suck were simi lar for twin Finn and Texel 

lambs. A l l  Finn and Texel lambs had stood within thirty minutes from birth, the 

majori ty of lambs had located thei r ewes udder in this t ime and over 60% of al l lambs 

had sucked from their dam. A New Zealand study at Ruakura on mi xed age Romney 

ewes concluded that the t ime taken by a lamb to stand up after bi rth was regarded as the 

best avai lable i ndication of vigour (Wal lace, 1 949). Wal lace ( 1 949) found that about 

30% of the lambs stood within 1 5  minutes of bi rth and within thirty minutes over 70% 

had stood. He observed no re lationship between vigour and lamb sex, type of birth, age 

of ewe and birth weight. Astroshi and Osterberg ( 1 979) observed that an i ncrease in 

birth weight shortened the time from birth to standing. This study showed no significant 

re lationship  between birth weight and t ime to stand from birth. 

Wal lace ( 1 949) observed that lambs most common ly suck for the first ti me, from hal f to 

one hour after birth and suggested that twin lambs tend to be slower to suck than single 

lambs. S ingle Finn lambs were slower to suck from their dam than twin lambs and the 

first born Texel lamb appeared to take even longer. O'Connor and Lawrence ( 1 992a) 

reported that nei ther ewe grooming behaviour nor general lamb acti vi ty were d i rect ly 

related to t ime to first suck. Finn ewes i ncreased behaviours to fac i l i tate sucking i n  thei r 
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fi rst born twin fol lowing the bi rth of the second twin whereas Texel ewes reduced 

preventati ve sucking behaviours to their first twin fol lowing the birth of the second 

twin.  

Texel ewes groomed thei r first born twin for an additional ten minutes before the birth 

of the second twin when compared to Fi nns. The post parturient ewe becomes attached 

to and disti nguishe any newly born lamb, which she has l icked for 20-30 minutes 

(Smith et al., 1 966). Finn and Texel si ngle lambs and second born twi ns were ob erved 

for thi rty minutes and their dam spent nearly half of that t ime grooming. There are 

confl icti ng views on how ewes of pro l i fic breeds d iv ide thei r grooming attention 

between l i tter members. Owens and Armstrong ( 1 985)  suggested that Booroola ewes 

distribute their grooming attention to a l l  lambs regard less of birth order, whi lst Holmes 

( 1 976) and Astroshi and Osterberg ( 1 979) reported a progressive reduction in the t ime 

Finn sheep spent grooming each successive lamb in  the l i tter. However i n  this study 

groomi ng t ime wa even ly spl i t  between Fi nn twin lambs whereas the second born 

Texel lamb received less groomi ng. O'Connor et al. ( 1 992b) observed for Scottish 

B lackface sheep the second born twi ns recei ve le grooming and O'Connor et al. 

( 1 992b) observed the birth of the second born twin resu l ted in a dramatic reduction i n  

grooming o f  the fi r t born twin .  They also observed that twin bearing ewes show some 

enhancement in groomi ng acti vi ty, however i nd iv idual twin lambs received les 

grooming overa l l  than si ngles. This study showed a s imi lar trend in the grooming 

behaviour of twin lambs, however i ndi vidual Fi nn twin lambs recei ved the same amount 

of groomi ng as Finn si ngle lambs. 

The l icking of the lamb accompanied by low-pi tched bleat ing appears to be in ti ncti ve 

(Smith, 1 965 ). The ewes i n  this study had high low-pitch bleat ing frequencies and i t  

has been suggested by Dwyer et al. ( 1 998b) that the low-pitched bleat rate of dam may 

be a reflect ion of her intri nsic physiology and the higher rate i n  primiparous ewes may 

reflect her i nexperience, immaturity and therefore slower bond formation. They al o 

suggested that low-pitch bleat ing rate i s  unaffected by lamb bleating behaviour. Pol lard 

( 1 992) suggested that the rate of l amb vocal i sations may affect dam bleating behaviour. 

Nowak ( 1 996) suggests that vocal communication between the ewe and the lamb i s  

central to adequate bond formation and has demonstrated that lamb bleati ng behaviour 

i s  involved in the attachment process . Lamb vocal i sations are modified by their rearing 
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experience and appear to represent a signal of need (Dwyer et al., 1 998b). Fi nn first 

born twi n lambs significant ly i ncreased thei r bleat ing on the arrival of the second twin 

whereas Texel lambs did not. However Texel lambs did bleat sign ificant ly more times 

than Fi nn lambs. In this study, l amb bleat ing does appear to signal need and is used to 

encourage attention from the dam. However the reason for seeking attention di ffers for 

the two breeds investigated i n  this study; flocki ng behaviour i s  strongest for Fi nns and 

maternal behaviour may have been compromised by i ncreased i ncidence of d ifficult 

bi rths for Texels .  

There were more i nappropriate behaviours, such as butt ing and withdrawing, i n  Texel 

ewes with a si ngle lamb. This may be a consequence of a large proportion of Texel 

ewes needing assi stance with parturit ion. The rate of withdrawing was simi lar for first 

and second born twins  for both breeds, however Dwyer and Lawrence ( 1 998a) observed 

that the rate of withdraw ing fol lowing the birth of the second of a pai r of twi n lambs 

was sign ificantly less than fol lowi ng the birth of the first twin .  Dwyer and Lawrence 

(2000) noticed a reduction i n  the frequency of rejection behaviours with experience, 

with more rejecting behaviours expressed by ewes in thei r first pari ty. Prim iparous ewes 

were i nvestigated in this study and their behaviour was not i nvestigated in subsequent 

pari ties to determi ne if rejection behaviours decreased with experience. 

Fi nn lambs that were less vocal after birth were less l i kely to surv ive to weani ng. Texel 

lambs bleated significant ly more frequent ly than Finns on al l occasions, and Texel ewe 

behaviours such as t ime to contact thei r twin lamb were impmtant for survi val to 

weaning. Lindsay et al. ( 1 990) also concluded that i ncreased vocal behaviour of lambs 

was strongly associated with earl ier recognit ion of their mother and better bonding. 

Time spent grooming was s ignificant ly lower for Finn ewes that lost a si ngle lamb. 

It is highly l i kely that Fi nn ewes, because of thei r lower MBS,  became separated from 

lambs that were less voca l .  Finn ewes appeared more mobile and had lower MBS than 

Texel ewes. Lindsay et al. ( 1 990) observed that the best mothers were those that were 

less act ive in stressfu l si tuations and those that bleated more often. Holmes ( 1 976) 

found reduced maternal abi l i ty in Fi nn ewes compared to Forest Clun ewes and 

suggested that the poorer maternal abi l i ty could have arisen through a lack of selection 

pressure associated with se lection for pro l ificacy and from the high degree of 

husbandry, as Finn sheep in Europe are predominantly lambed indoors. He 
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recommended that Finn ewes requ ire considerably greater shepherding than other 

breeds at l ambi ng to achieve thei r production potential . Thi s  recommendation may be 

su i table for in tensi ve farming practice as expeJienced i n  Europe and the U K, however 

i n  New Zealand less human i nterference may encourage more effecti ve ewe lamb 

bonding and reduce the chance of ewe-lamb separation and subsequently lamb death i n  

Finns. A l ternati vely, Texel ewes requi re increased shepherding to  reduce lamb and ewe 

deaths from dystocia. 

Variation in perinatal behaviour within and across breeds was large and therefore 

potential exi sts for improvi ng the abi l i ty of the ewe and lamb to bond successfu l ly  at 

partuJi tion by selecti ng for some of the behaviours identi fied i n  this study that 

encourage lamb urvival to weaning.  This requires knowledge as to whether the e 

behaviours show genetic variation and whether eas i ly  managed indicator trai ts are 

avai lable to assi st with selection. The exi stence of between breed variation i s  suggestive 

that these behaviours are under some genetic influence. 

This study and general observations at lambi ng in 200 I do not support the anecdotal 

evidence that suggested Texel lambs are more vigorou at b i rth and that Fi nn ewe 

employ communal lamb rai sing behaviour. 

6.6 Conclusions 

The fol lowing po t-parturient behaviours were the most effect i ve i ndicators of survi val 

to weani ng: 

• Texel lambs that locate thei r ewe's  udder within 30 mi nutes from bi rth have a 

s ignificant ly improved chance of survi val to weani ng.  

• Texel ewes that quickly make contact with their lamb fol lowing bi rth (within 2 

minutes), improved the lamb' s chance of survi val to weani ng. 

• Finn ewes that show less flocking behaviour as i ndicated by M BS, were more 

l i ke ly to produce survi ving lambs at weani ng. 

• Finn ewes that spend a greater proportion of time grooming thei r lamb i mprove 

i ts  chance of survival to wean ing. 

• Vocal Fi nn lambs have an improved chance of surv iva l .  
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Dwyer and Lawrence (2000) suggest that the behaviour of a prim iparous ewe i s  

reasonably predictive of  her behaviour i n  subsequent pregnancies, therefore potential 

exists for i mproving the abi l i ty of the ewe and lamb to bond successfu l l y  at parturi tion 

by selecti ng for some of the behaviours identi fied i n  this study that encourage lamb 

survi val to weaning. 

Publ ished est imates of genetic (co)variances i n  l i terature are scarce as neonatal 

behaviour i s  d i fficult to  measure (Cioete et  al., 2002). Cloete et  al. (2002)  showed that 

ti me to stand from bi 1th and time to suck from standing do have a genetic component 

and that it differs between breeds. 

Breeding programmes designed to i ncrease the number of lambs born per ewe mated 

should take i nto consideration the mother-offspring social relationship  and employ 

selection criteria and management practices to improve ewe-lamb bonding. However 

before this can be done effectively more research is required to ident ify a behavioural 

indicator that is easy to measure under New Zealand farming conditions and has a 

significant genetic component. Chapter 7 i nvestigates behaviours at tagging as potential 

indicators for lamb reari ng pe1formance and Chapter 8 uses the arena behaviour test to 

predict maternal behaviour. 
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6.7 Appendix: Ewe Post-Parturient Behaviour 

Table 6. 7. 1  Ewe behaviourfollowing parturition (least squares mean :f: standard error). 

Litter S ize Al l  Finns Texels p 
( Breed) 

Sniff (Tally) S ingle 1 .4 ± 0.869 7.5 ± 3.249 n 

Twin FB 9.2 ± 8.4 1 1 3  ± 1 6.67 1 5.6 ± 2. 1 75 n 
FB when SB 5.4 ± 8.4 1 4.5 ± 1 6.67 1 6.3 ± 2. 1 75 n 
SB 1 7.5 ± 8.4 1 32 ± 1 6.67 1 2.8 ± 2. 1 75 n 

P (FB when SB & S B )  ns ns n 
P ( FB & FB when S B )  ns ns n 

Grooming t ime S ingle 1 4.7 ± 5.384 1 5.4 ± 3.779 n 
(m inutes) 

Twin FB 1 6.6 ± 2 .243 1 1 .8 ± 2.282 2 1 .4 ± 3.862 * 
FB when SB 4 .3  ± 2 .243 5.7 ± 2.282 2.9 ± 3.862 ns 
SB 13  ± 2 .2 .43 1 4.7 ± 2 .282 1 1 .5 ± 3.862 ns 

P (FB when SB & S B )  ** ** ns 
P (FB & FB when S B )  *** ns ** 

Fac i l i tate sucking S ingle 2 .7 ± 1 .459 1 .7 ±  1 .065 ns 
( tal ly )  

Twin FB 4 ± 1 .59 1 0.2 ± 0.987 8 ± 3.026 * 
FB when SB 3 .5  ± 1 . 59 1 3. 1 ± 0.987 3.9 ± 3.026 ns 
SB 2. 1 ± 1 .59 1 2.4 ± 0.987 1 .8 ± 3.026 n 

P (FB when SB & S B )  ns ns n 
P (FB & FB when S B )  ns * n 

Prevent sucking S ingle 2 .6 ± 1 .445 4. 1 ± 2. 1 78 n 
( ta l ly)  

Twin FB 5.6 ± 1 .932 2.9 ± 3.387 8.3 ± 1 .859 ns 
FB when SB 4.9 ± 1 .932 7.3 ± 3.387 2 .4 ± 1 .859 ns 
SB 3.3 ± 1 .932 5 ± 3 .387 1 .6 ± 1 .859 ns 

P ( FB when SB & S B )  ns ns ns 
P ( FB & FB when S B )  ns ns * 

Did Withdraw S ingle 28.5% 50% n 
(>or= I )  
( proport ion of ewes) Twin FB 24% 33% 1 1 % ns 

FB when SB 24% 33% 1 1 % n 
SB 24% 25% 22% n 

P (Twin lambs) n ns ns 

Did Butt (>or= l )  S ingle 0% 1 0% n 

( proportion of ewes) Twin FB 5% 8% 0% n 
FB when SB 1 0% 8% 1 1 % ns 
SB 0% 0% 0% ne 

P (Twin lambs) ns ns n 

Did Abandon S ingle 1 4% ' 0% n 
Twin FB 0% 0% 0% ne 

( proport ion of ewes) FB when SB 0% 0% Oo/c ne 
SB 0% 0% 0% ne 

P (Twi n lambs) ne ne ne 
ns=not s ign i ficant at P<0.05; * P<0.05; ** P<O.O I :  *** P<O.OO I ;  **** P<O.OOO I . 
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6.8 Appendix: Lamb Production Traits 

Lamb production is reported separately for lambs i ncluded in this behaviour study and 

makes comparisons between first and second born twin lambs as wel l  as breed 

compari sons (Table 6.8. 1 ) .  

Single lamb production was s imi lar between breeds. However di fferences were evident 

in twin born lambs. Genera l ly first-born lambs were heavier at bi rth than thei r second 

born twin ,  regard less of breed (P=0.06). Fi rst-born Texel lambs were Y2 kg heavier than 

thei r twin (Table 6.8 . 1 ) . Ewe mat ing weight, birth day and ewe l i veweight change i n  

early pregnancy a l l  had a s ign i ficant effect on  lamb birth weight (P<0.05 ). Texel lamb 

survi val to weaning was higher than for Finns, however these analyses excluded Texel 

ewes that had d ifficulty lambing. Texel twin lambs in this tudy had higher growth rates 

and weaning weights than Finns (Table 6.8. 1 ). 

Table 6.8. 1 Performance of Finn and Texel lambs observed after birth (least squares 

mean :t standard error). 

Liller Size All  Finns Texels p 
( Breed) 

Lamb birth weight ( kg)  Al l  S ingles 4.6 ± 0.22 4.5 ± 0. 1 5 ns 

Al l  Twins 2.9 ± 0. 1 5 3.8 ± 0.222 * 
First born 3.5 ± 0. 1 3  3 ± 0. 1 8  4. 1 ± 0.269 * *  
Second born 3 .2 ± 0. 1 3  2.9 ± 0. 1 8  3.5 ± 0.269 ns 

P ( First, second born) ns ns * 

Lamb survival to All  Singles 50% ± 0. 1 86 90% ± 0. 1 2  ns 
wean ing 

All  Twins 48% ± 0. 1 1 5 89% ± 0.073 ** 
First born 62% ± 0.095 45% ± 0. 1 58 78% ± 0. 1 04 ns 
Second born 75% ± 0.098 50% ± 0. 1 66 100% ± 0. 1 04 * *  

P ( First . second born ) ns ns ns 

Growth rate (g/day) Al l  S ingles 1 86 ± 36.59 1 89 ± 8. 1 49 ns 

Al l  Twins 1 1 8 ± 1 1 .28 1 65 ± 8.73 ** 
First born 1 38 ± 1 0.32 1 0 1  ± 1 5 .95 1 74 ± 1 3.09 * *  
Second born 1 45 ± 9.85 1 36 ± 1 5 .95 1 55 ± 1 1 .54 ns 

P ( First, second born) ns ns ns 

Lamb weaning weight All S ingles 29 ± 4.882 32 ± 1 .2 1 5  ns 
( kg)  

Al l  Twins 20.8 ± 2.008 24.7 ± 1 . 1 68 ns 
First born 2 1 .9 ± 1 .592 1 8.3 ± 2.795 25.4 ± 1 .839 * 
Second born 23.7 ± 1 .563 23.4 ± 2 .769 23.9 ± 1 .446 ns 

P ( First. second born ) ns ns ns 
ns=not sign i ficant at P<0.05; * P<0.05; ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  
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Table 6.8.2 The effect of behaviour after parturition on single Lamb survival to weaning 

( Wilcoxon mean r standard error). 

Behaviour Breed Died Survived Wi lcoxon Log-Rank 
p p 

Time to contact Finn I S  ± 9. 1 2 7 ± 4.48 ns ns 
( minutes) Texel na 2 ± 1 .07 not estimable not estimable 

Time to stand Finn 5 .2 ± 0.49 1 7.5 ± 5 .56 * * 
( minutes) Texel na 1 6.5 ± 3.36 not estimable not estimable 

Time to locate udder Finn 1 3 ± 4.96 25 ± 3.00 * * 
(m inutes) Texel na 1 4.9 ± 2.78 not estimable not estimable 

ns=not significant at P<O.OS; * P<O.OS. 
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6.9 Appendix: Single Texel Dams and their Lambs: 

Natural versus Assisted Birth. 

Thi s  section looks specifical ly at Texel ewes with a si ngle lamb and compares the 

production and behaviour of ewes that had difficu l ty lambing and were assisted by the 

shepherd to those ewes that had a natural bi rth. A high proportion (50%) of Texel ewes 

having a single lamb requi red shepherd assi stance to lamb. 

6.9. 1 Ewe Production Traits 

Ewes that were assisted at lambing ti me were sign i ficant ly l i ghter at mati ng and lost less 

weight from mating to pregnancy scann ing (Table 6.9. 1 ) . Assisted ewes lambed 1 1  days 

later (Table 6.9. 1 ). Ewe weight change between mati ng and pregnancy scanning had a 

s ignificant effect on day of parturi tion i n  Texel si ngle bearing ewes ( P<0.05 ) .  

Table 6. 9. 1 Ewe liveweight and liveweight change from mating through to lambing 

(least squares mean I standard error). 

Natural Assisted p 
( n= I I )  ( n= I 0) 

Lambing day 239 ± 1 .62 250 ± 2.38 ** 
Ewe mating weight ( kg) 53 ± 0.67 49 ± 1 .4 1  * 
Pregnancy scann ing weight ( kg)  47 ± 1 .04 45 ± 1 . 1 2  ns 
Prelambing weight ( kg)  48 ± 1 .57 45 ± 1 .2 1  ns 
Ewe weight change between mating and pregnancy -5.7 ± 0.88 -3.5 ± 0.89 ns 
scanning ( kg) 
Ewe weight change between pregnancy scanning and 0.6 ± 0.98 -0.57 ± 0.58 ns 
lambing ( kg )  
Ewe weight change between mating and lambing ( kg)  -5. 1 ± 1 .24 -4.4 ± 1 .32 ns 
ns=not sign i licant at P<0.05; * P<0.05 ; ** P<O.O I ;  *** P<O.OO I :  **** P<O.OOO I . 

6.9.2 Lamb Production Traits 

Lamb b itth weight was a significant factor determi n ing whether a ewe requi red the 

shepherd 's  assi stance with bi rth (Table 6.9.2). Ewe weight at lambi ng had a sign ificant 

effect on lamb bi tth weight (P<O.OOO I ) . The survi val rate to weani ng of l ambs born to 

assi sted ewes was less ( P<O. I 0) (Table 3.2) .  The fol lowing factors had signi ficant 

effects on lamb survi val to weaning for natural ly born and assisted lambs: paddock 

( P<O.O I ), s ire (P<0.05), birth weight (P<O.O I )  and change i n  ewe weight between 

mating and pregnancy scann ing ( P<0.05). 
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Table 6. 9.2 Pei
f
ormance of Lambs born naturally and to assisted ewes ( least squares 

mean i: standard error). 

B irth weight ( kg)  

Natural 
( n= l l )  

4.3 ± 0.09 

Assisted 
( n= I O) 

5.4 ± 0. 1 8 

p 

**** 
Survival to weaning 86% ± 1 .2 58o/c ± 0.8 ns 

Weaning weight ( kg )  30  ± 0.23 28.7 ± 3. 1 3  ns 

Growth rate to weaning ( g/day) 1 88 ± 2.3 1 1 65 ± 24.29 ns 

ns=not significant at P<0.05: * P<0.05 ; ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I . 

6 .9.3 Lamb and Ewe Behaviour 

Fewer assi sted lambs located thei r dam' s  udder i n  the 30-minute recording period and 

none of the assisted lambs sucked from thei r dam (Table 6.9.3 ) .  

Table 6.  9.3 Proportion of ewes and lambs that did the following behaviour within 30 
minutes from birth. 

Natural B irth Assisted Birth p 
( n= l l )  ( n= I O )  

Did make ewe-lamb contact 90% 64% ns 
Lamb did stand 60% 45% ns 
Lamb did locate udder 40% 9% ns 
Lamb did suck 1 0% 0% ns 
ns=not significant at P<0.05; * P<0.05 ; ** P<O.O I ;  *** P<O.OO I ; **** P<O.OOO I .  

Assisted ewes took significant ly longer to make contact with thei r lamb fol lowi ng b irth 

( P<O. I 0) (Table 6.9.4). The fol lowi ng effects were s ignificant for ewe-lamb contact 

t ime: paddock, weight change from mating to pregnancy scann ing and pregnancy 

scanning to lambing ( P<0.05 ) .  

Lambs born to assi sted ewes took sign i ficant ly  longer to stand fol lowi ng b irth (Table 

6.9.4). The fol lowing effects were sign i ficant for t ime to stand: bi rth weight, t ime of 

bi rth, change in ewe l i ve weight between mating and lambing and pregnancy scanning 

and lambi ng ( P<0.05 ). The mean time to suck for lambs born to assi ted ewes wa not 

estimable due to the lack of observations. 

Table 6. 9.4 Time taken for the ewe to make Lamb contact, the Lamb to stand, locate and 

suck from its ewe 's udder ( least squares mean }: standard error). 

Natural B i rth 
Time to dam-lamb contact ( mins )  1 .6 ± 0.7 1 
Time for lamb to stand ( mins)  4.05 ± 1 .36 
Time for lamb to locate udder ( mins) 1 4.9 ± 2.78 

Assisted B i rth 
8.8 ± 3.54 

30.6 ± 3.26 
2 1 .8 ± 5.57 

Time for lamb suck ( mins)  26 ne 

ns=not sign i licant at P<0.05; * P<0.05 ; ** P<O.O I ; *** P<O.OO I ;  **** P<O.OOO I . 

p 
ns 
** 
ns 
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Lambs born to assisted ewes bleated a greater number of times i n  the 30-minute 

observation period than lambs born to ewes that did not have difficulty lambing (Table 

6.9.5) . Assisted ewes did not high bleat, did not prevent sucking, withdraw or butt thei r  

lamb. 

Table 6. 9.5 Ewe and lamb bleating frequency (least squares mean :t standard error). 

Natural Birth A sisted B i rth 
Lamb bleats 40.5 ± I 0.46 95 ± 1 8.89 
High ewe bleats 2 na 
Did high bleat I 0% 0% 
Low ewe bleats 82 ± :.B .24 54 ± 3:U6 
ns=not sign i ticant at P<0.05; * P<O.OS; ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  

p 
* 

ns 
ns 

Assisted ewes sn iffed and groomed thei r lamb sign i ficant ly less (Table 6.9.6). Lamb 

bi rth weight and the weight of the ewe at pregnancy scanning were significant effects on 

the amount of lamb sniffi ng by the ewe (P<0.05 ). Significant effects on t ime spent 

grooming were: paddock, heat loss, lamb birth weight, ewe weight at pregnancy 

scanning and ewe weight change between mating and lambing (al l  P<O.OOO I ). Lamb 

bleat ing frequency also had a significant effect on the t ime a ewe spent grooming her 

lamb (P=0.05). A greater proportion of assi sted ewes abandoned thei r lamb after b irth 

(Table 6.9.6). 

Maternal behaviour score of assi sted ewes was sign i ficantly less as these ewes were 

separated from their lambs by 6m at the end of the 30-minute recording period (Table 

6.9.6). Time of b i rth was a s ign i ficant effect on M BS for assisted and natural bi rths 

(P<O.O I ). The separation di stance was significantly affected by the number of high 

(P<0.05) and low ewe bleats (P<O.O I ) . Lamb bleati ng frequency was significantly  

affected by ewe h igh and low bleating frequencies (both P<0.05). However, lamb 

bleating frequency was not a significant factor of ewe high and low bleats (P>0.05 ). 

Lamb bi rth weight (P<0.05 ) and heat loss (P<0.05 ) were sign i ficant effects on the 

number of times a ewe fac i l i tated its newborn lamb to suck. 
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Table 6. 9.6 Ewe behaviour after parturition (least squares mean i: standard error). 

Natural B i rth Assisted B i rth p 
Sniffing ( ta l ly )  8 ± 3 .28 0.4 ± 0. 1 7 * 

Time grooming ( mins) 1 7 .2  ± 3.99 6.6 ± 0.3 * 
Faci l itates suck l ing 2 ± 0.86 0.3 ± 0.75 ns 
Prevents Suckl ing 4 ± 1 .59 0.0 ± 1 .67 ns 
Withdrawing 3 ± 0.99 0 ± 1 .04 n 
Did withdraw 50% 0� * 
Butt ing 0.2 ± 0. 1 5 0 ± 0. 1 5  n 
Did bull 1 0% 0% n 
Abandonment I Rejection 0% 40% ns 
MBS 4.7 ± 0. 1 6 2 .7  ± 0.59 ** 
Distance at end of rec. period ( metres) 0.3 ± 0. 1 3  6.2 ± 4. 1 1 ns 

ns=not sign i ficant at P<0.05; * P<0.05 ; ** P<O.O I ;  *** P<O.OO I ;  **** P<O.OOO I .  
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7.1 Summary 

The study was caiTied out on a commercial New Zealand sheep farm with performance 

recorded straightbred Finnish Landrace and Texel prim iparous ewes. The object ive of 

the study was to determi ne the strength of ewe- lamb attachment at tagging by 

i nvest igati ng the behaviour of Fi nn and Texel ewes and their lambs and relate these 

behaviours to lamb survi val to weaning. 

Lamb and ewe behaviour was observed for ten mi nutes after the l ambs were ear tagged 

(tagging). Fi nn ewes had lower MBS (undesi rable) and took longer to contact their 

si ngle and twi n lambs than Texel ewes (P<O.O I ) . There were no breed di fferences for 

t ime of lamb to stand and suck after taggi ng. Fi nn twi n lambs took longer to fol low thei r 

dam (P<O.O I )  and this may be a resul t  of delayed ewe contact. MBS had a sign i ficant 

effect on ewe- lamb contact time, t ime for lamb to stand, suck and fol low its moving 

dam (P<O.O I ) . The higher the ewes MBS (favourable) the quicker the t ime to lamb 

contact, the quicker the lamb stood, sucked and fol lowed i ts movi ng dam. 

Texel ewes with twins had higher low bleat ing frequencies, compared wi th Texel ewes 

with a si ngle lamb (P<O.O I ) . MBS had a significant and positi ve effect on low b leati ng 

frequency (�= 1 9.3 ± 3 .5 1 ,  P<O.OOO I ) . Ewes with lower MBS at tagging high bleated 

significant ly  more (�=-4.93 ± 1 .08, P<O.OOO I )  and ewes high bleated significant ly more 

i f  thei r lamb took longer to stand (�=5.25 ± 0.65, P<O.OOO I ) . 

This study shows that lamb behaviour at tagging better explai ned the variation in lamb 

survi val than the ewe behaviours analysed. Lamb survival improved 3-fold for lambs 

that suck from thei r dam (P<O.O I )  and improved nearly 5-fold for lambs that stand 

withi n ten mi nutes after tagging (P<0.05) .  This  study has also shown that an i ncrease i n  

MBS translates to an  improvement weight of  lamb weaned (�=3.5 ± 1 .3 1 ,  P<O.O I ) . 

In summary, maternal behaviour i nfluences lamb behaviour and provides evidence that 

maternal behaviour at tagging, in particular MBS,  is important to lamb surv i val . 
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7.2 Introduction 

The behaviour of the ewe before, duri ng and after parturi t ion has a major i nfluence on 

lamb survi val (Nowak et al., 2000) where fai lure of the lamb and ewe to i nteract 

properly can resu lt i n  lamb deaths and a reduction i n  returns to the farmer (O'Connor 

and Lawrence, 1 992a). The development of a strong maternal bond i s  an important 

prerequis i te for lamb survival and it is i nfluenced strongly by conti nuous association 

between the ewe and her lamb i n  the t ime after birth (Murphy et al., 1 994a). 

Separation and desertion are l ike ly  when the ewe is disturbed (Smith, 1 965) as when 

lambs are 'tagged' .  Permanent lamb ident ification, referred to as 'tagging' ,  currently 

i nvol ves a shepherd catching the lambs i n  the paddock and temporari ly  separati ng them 

from their dam. Lamb desertion by the ewe may resul t  from the confl ict between the 

normal flocking behaviour of sheep and the i solat ion associated with maternal 

behaviour ( Ki lgour and Szantar-Coddington, 1 995). Ewe- lamb separation causes 

emotional stress and the temporary separation of a lamb from i ts dam and i ts l i ttermates 

is detrimental to its surv ival (Nowak and Lindsay, 1 992; Alexander et al., 1 983b; 

Stevens et al. ,  1 982) and later performance (Napol i tano et al. , 1 995). Orgeur et al. 

( 1 998) reported that when ewes and lambs temporari ly separated from each other they 

express their di stress by an i ncrease in b leat ing and locomotor acti vi ty. 

Nowak ( 1 996) and Li ndsay et al.  ( 1 990) suggested that vocal communication between 

the ewe and the lamb is central to adequate bond formation and has demonstrated that 

lamb bleat ing behaviour is i nvolved i n  the attachment process. Pol lard' s  New Zealand 

study showed that when lambs were between 6 and 1 2  hours old, ewes reari ng trip lets 

b leated more when thei r l i tters were i ntact and less when one of thei r lambs was 

removed compared with ewes with a si ngle lamb (Pol lard, 1 992). Pol lard ( 1 992) found 

that a 6- 1 2  hour old lamb, which was separated from i ts dam, was more l i kely to 

approach a ewe that was bleat ing than a si lent ewe and concluded that ewe b leats hel p  i n  

long di stance recogni t ion o f  the dam. 

Maternal Behaviour Score observed at tagging has been shown to affect lamb and l i tter 

surv ival across a number of tradi tional and highly fecund ewe breeds (O'Connor et al., 

1 985; Chapter 3 and Chapter 4). MBS  is a good indicator not only for lamb growth but 
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also for the strength of the pre-weani ng ewe- lamb relationship (O'Connor, 1 996; 

Chapter 4). Further studies on MBS by Parker and Nicol ( 1 993) showed that lambs of 

MBS 4 and 5 ewes located thei r dam's udder in 30% less t ime than lambs of MBS 3 

ewes. 

Many bel ieve that maternal behaviours i nfluence lamb behaviour providing evidence 

that maternal behaviour at parturi tion is cri t ical to lamb survival (O'Connor et al., 

1 992b; Astroshi and Osterberg, 1 979, Owyer and Lawrence, 1 999a). Arnold and 

Morgan ( 1 975) reported that poor maternal behaviour was the direct cause of 1 6% of 

lamb deaths . Poindron et al. ( 1 980b) emphasi sed the importance of lamb behaviour and 

reported that the behaviour of the neonatal lamb influences the maternal responsiveness 

of the ewe. Shi l l i to-Walser ( 1 978) also appreciated the importance of effecti ve lamb 

behaviour concluding that the formation of the maternal-offspri ng bond in sheep i s  the 

resu l t  of a rapid  learn ing process influenced by the behaviour of both the ewe and the 

lamb. 

I n  200 I a study i nvestigated straightbred primiparous Finnish Landrace and Texel ewes 

and their lambs under commercial condit ions to identify any performance and behaviour 

differences that could be uti l i sed to improve lamb-reari ng success across New Zealand 

flocks. Anecdotal evidence suggested that there were some phenotypic differences i n  

the behaviour and pe1formance of Finns and Texe ls (see Chapter 5 ). The effect of ewe 

and lamb post pa1turient behaviour on lamb survi val to weani ng was described i n  

Chapter 6. The study i nvolved a smal l sample of Fi nns and Texels for one pari ty and 

large variations were observed wi thi n and across the two breeds for the behaviours 

studied. Breed differences i n  post parturient behaviour were observed. Texel lambs 

bleated more than Fi nn lambs on al l occasions. Fi nn lambs that were less vocal after 

bi rth were less l i kely to survi ve to weani ng. Lamb survival to weaning was also 

compromised by Fi nn ewes that showed greater flocking behaviour as i ndicated by low 

MBS.  Texel ewe behaviours such as time to contact thei r twi n lamb were significant for 

encouraging survi val to weaning. 

The aim of thi s study was to determine the strength of ewe- lamb attachment at taggi ng 

by i nvestigat ing the behaviour of Finn and Texel ewes and their lambs and relate these 

behaviours to lamb surv i val to weaning. A relationship was also sought between post-
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parturient behaviour , ident ified in Chapter 6 and tagging behaviours identified i n  th is 

chapter. 

7.3 Materials and Methods 

7 .3 . 1 Animals 

Animal management, environment and measurement methodology are described i n  

Chapter 5 . Texel and Finnish Landrace 2 year old ewe were monitored from mat ing 

through to lamb weani ng i n  200 1 .  This  study excludes trip let lambs, ewes with triplet 

l i tters and ewe and lambs that were assi ted at parturi t ion (Table 7 . 1 ) . 

Table 7. 1 Number of animals included in analyses. 

Finn Texel 

Al l  Liuer size Litter ize All Litter ize Litter s ize 
I 2 I 2 

Number of Ewes 64 24 40 56 38 1 8 
No. of lambs reared to Tagging 99 24 75 72 38 34 
No. of lambs reared to Weaning 68 1 6  52 55 28 27 
No of lambs that died 3 1  8 23 1 7  1 0  7 

Two shepherds monitored the ewes closely on foot between the hours of 7am and 6pm 

dai ly  over lambing and for two weeks prior to lambing to al low the ewe to become 

habi tuated to human presence. Ewes had been previously ear-tagged so that they could 

be i ndividual ly ident ified from a distance and bi noculars were used if necessary. 

Mean lambi ng date for the group of animals i n  this tudy wa 1 st September and 51h 

September 200 I ,  for Fi nns and Texels re pecti vely. B i rth t ime was recorded for ewe . 

The majori ty of lambs from both breeds were tagged around midday and 5-8 hours from 

time of b i rth (Table 7 .2) .  

7 .3 .2 Tagging 

Tagging i nvolved the fol lowi ng procedure: 

• A brass ear tag was fi tted 

• The lamb' tai l was docked with a rubber ri ng 

• The lamb' s inner leg was scratched with a l i ve scabby mouth vaccine 
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The fol lowing information was col lected at tagging: 

• Lamb (b i rth) weight 

• Lamb sex 

• Dam identity 

• Tagging date and t ime 

Chapter 7 

Lambs were tagged where they were found i n  the paddock. They were left where they 

were found. If lambs were separated prior to taggi ng, the l i tter was brought together 

possibly enhancing the lamb' s chance of surv ival . 

Fol lowing taggi ng, the l i tter were placed together on the ground, tagging completion 

t ime was recorded and the two shepherds moved to a di stance of I 0-20m where they 

recorded lamb and ewe behaviours for the fol lowi ng ten m i nutes on prepared record ing 

sheets. 

Lambing day, taggi ng day and age at taggi ng di ffered between breeds (Table 7.2) .  

When tagged, Texel lambs were on average I Y2 hours younger than Fi nn lambs. Texel 

ewes lambed on average 4 days later than Finn ewes. Although the rams were joined 

with the two flocks at the same t ime (Chapter 5). However ewe mating dates d iffered 

between the two breeds and the majori ty of Finns were mated soon after ram joi n ing 

whi le Texels were mated later (Chapter 5) .  

Table 7.2 Tagging dates and times according to breed (least squares mean :i: standard 
error). 

Finn 
Mean lambing date ( I  '1 Sept) 243 ± 0.85 
Mean tagging date ( I  '1 Sept) 243 ± 0.86 
Mean tagging t ime of day 1 1  ± 0.36 
Mean tagging t ime from birth ( hours) 7.7 ± 0.68 

Texel 

( 5'h Sept) 247 ± 0.89 
(5'h Sept) 247 ± 0.9 1 

1 2  ± 0.32 
5.8 ± 0.59 

ns = not significant; * P<0.05 ; ** P<O.O I :  *** P<O.OO I ; **** P<O.OOO I .  

7.3 .3  Behaviour 

p 
** 
** 
ns 
* 

The maternal behaviour core (MBS) of each ewe was determined based on i ts response 

to the shepherd tagging i ts lambs (Table 7 .3) (score modified by O'Connor, 1 996). The 

modified score was necessary for the animals used in this study to record the range of 

behaviour observed. 
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Table 7.3 Description of the maternal behaviour scoring system at tagging. 

Maternal behaviour score description MBS 
Dam tlees a t  the approach of  the shepherd. shows no interest in the lambs and doe not 
return within the 1 0  minute observation period. 
Dam retreats further than I 0 metres but comes back to her lambs as the shepherd leaves 2 
them 
Dam retreats to such a distance that tag ident i fication is d i fficult ( 5- I  0 metres) 3 
Dam retreats but stays within 5 metres 4 
Dam stays close to the shepherd during handl ing of her lambs 5 
Dam makes contact with her lambs while they are being handled by the shepherd 6 

The ewe behaviours and lamb behaviours that were recorded are shown in  Table 7.4. 

Any animal that fai led to perform a specific behaviour in the ten-minute observation 

period had '0' recorded for that behaviour. 

Table 7.4 Definitions of ewe and Lamb behaviours recorded after tagging. 

Behaviour Description 

Time to make physical contact with lamb ( no e the lamb). 
I .  Ewe behaviours 
Lamb contact 
H igh-pitched ewe bleats Made with the mouth open by ewes when they are separated from their 

lambs. 
Low-pitched ewe bleats 

2. Lamb behaviours 
Stands 

Made with the mouth closed and emitted when the ewe is in close 
proxi mity to the lamb. Someti mes referred to as 'rumble' cal ls. 

Lamb supports itse lf  on all four feet for at least five seconds 
Successful suck Lamb standing and has teat in mouth. appears to be ucking for at least 5 

seconds. 
Follows moving ewe 
Bleats 

Ewe moves away and lamb fol lows. 
The number of bleats was recorded for each lamb. 

7 .3 .4 Lamb Performance 

Lamb survival in this study was recorded from parturition to weaning. Lambs that 

survived to wean ing were given a score of ' I '  and lambs that d ied were given a core of 

'0' . 

Lamb bi rth weight, weaning weight, growth rate and weight of l amb weaned were 

recorded (Chapter 5) .  

7 .3 .5 S tatistical Analyses 

Data were edited to remove missi ng record and any data recording errors. Table 7. 1 

showed the number of an imals used i n  the fi nal data et. 
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Differences between breeds withi n l i tter size for conti nuous behaviour trai ts, such as 

bleati ng frequencies and lamb performance trai ts, such as weaning weight, growth rate 

and weight of l amb weaned per ewe were tested using PROC MIXED, where data were 

permitted to exhibit correlation and non-constant variab i l i ty and e l iminated the need for 

error term construction. PROC MIXED uses restricted/residual max imum l ike l ihood 

(REML) methods to estimate the random effect (SAS, 2002). 

To help decide the pathways involved in the d ifferences in bleati ng behaviour, MBS and 

lamb performance, analyses of covariance were performed and were retained in the 

model if stat istical ly sign ificant at P<0.05 . 

The fol lowing l i near model was used : 

Yijk = 1-..l + Ai + Lj + Ai*Li + � 1 Xiik + eijk 

where Yijk i s  the record of the k1h animal of the /h breed and the fh l i tter size at b irth, 

1-..l is the general mean, 

Ai i s  the fixed effect of the i 1h breed ( i=Finn or Texel ), 

Li i s  the fi xed effect of the fh l i tter size at b i rth U= single or twin ), 

A�i = fixed i nteraction effect of breed i and l i tter size at b irth j, 

Xijk i s  the performance or behaviour trai t measured (e.g. lamb birth weight, t ime 

to stand, pasture cover) i n  the i 111 breed of the t l itter size, 

� 1 i s  the regression of the behaviour or performance trai t of i nterest (e.g. MBS,  

weight of lamb weaned) on the behaviour or performance trait (e.g. t ime to 

stand, lamb bi rth weight), and 

eijk i s  the random residual effect un ique to Yijk. 

The covatiance stntcture of the data was model led usi ng the REPEATED option in 

PROC MIXED. Resul ts are gi ven as least square means and the standard error of the 

di fference between means for the contrasts of Fi nns and Texels, s i ngle and twi n l i tters, 

and the i nteraction between the main factors. 

The LIFETEST procedure (SAS, 2002) was used to compute and plot the d istribution 

estimate of ewe and lamb time related behaviours after taggi ng, such as ewe-lamb 

contact time, t ime for lamb to stand, suck and fol low the movi ng ewe. These behaviour 
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observations are skewed and right-censored due to the termination of the experiment 

( i .e. ten minutes after tagging). This  analysis procedure correctly uses the censored 

observations as wel l  as the non-censored. The LIFETEST procedure generates a 

survival di stri bution function (SDF) and is used i n  this case to describe the behaviour 

times. The SDF evaluated at time (!) ( i .e. I 0 mi nute ) i s  the probabi l i ty that a lamb of a 

particular breed and l i tter s ize w i l l  have a 'behaviour' t ime exceeding t, that is :  

S(t) = Pr(T>t), 

where S(t) denote the survi val distribution function and T is the behaviour time of a 

randomly se lected lamb. The cumulati ve distributive function for each of the behaviour 

trai ts are graphical ly plotted and are defi ned as 1 -S(t), that i s  the probabi l i ty that a 

behaviour time does not exceed time (t) ( i .e. I 0 m inutes). To determine whether the 

curves plotted are homogenous across breeds and or l i tter sizes (and order of b irth) 

(P>0.05), PROC LIFETEST provides two rank te ts ( log-rank and Wi lcoxon ). The 

Wi lcoxon test places more weight on early times and the log-rank test places more 

weight on larger times. The as ociation between covariates and the behaviour t ime 

variable were i nvestigated using the Wi lcoxon Te t and repotted if  s ignificant at 

P<0.05. The covariate tests are pooled across treatments and it i s  not possible to 

calcu late the d i rectional effect the covariate is havi ng on the dependent variable. 

The LOGISTIC procedure (SAS, 2002) was used to obtai n max imum l ike l i hood 

estimates of the regression coefficients. Ninety fi ve percent confidence i ntervals and 

odds rat ios were calcu lated by speci fying the appropriate options in the model 

statement. The odds ratio i s  a statistical measure of how l i kely or un l ikely i t  i s  for 

animals exposed to a risk factor to show the outcome of interest. An odds ratio of one 

i ndicates no association between the ri sk factor and the probab i l i ty of the outcome bei ng 

model led. For example, in the context of the present study, lamb surv ival to weani ng 

(O=died, I =survived) i the outcome of i nterest and behaviour of the lamb and dam after 

taggi ng (e.g. O=did not stand, I =  did stand) is the risk factor thought to be associated 

with lamb surv ival to weani ng. An odds ratio of 2 i ndicates that lambs that do stand 

after tagging are two times more l i kely to surv i ve to weani ng than those that do not. 
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7.4 Results 

7 .4 . 1 Tagging Behaviour 

The effect of l i tter size and the i nteraction between l i tter size and breed were not 

significant for MBS (P>0.05 ). Ewe breed had a signi ficant effect on MBS (P<O.OOO I )  

(Table 7.5) .  Finn ewes had sign ificant ly lower MBS recorded at tagging and i t  did not 

i ncrease with i ncreasi ng l i tter size, Ewe high bleati ng frequency significantly affected 

MBS (13=-0.02±0.004, P<O.OOO I ) .  

Table 7.5 The e
f
fect of breed on ewe MBS after tagging (least squares mean:t standard 

error). 

Litter size Finn Texel 
Al l  2 .8 ± 0.097 3.7 ± 0. 1 1 5 

S ingle 2.7 ± 0. 1 65 3.5 ± 0. 1 57 
Twin 2 .8 ± 0. 1 00  3.9 ± 0. 1 66 
P ( Litter size) ns ns 

P ( breed ) 
****  

**  
****  

ns=not significant at P<0.05:  * P<0.05 ; ** P<O.O I ;  ***  P<O.OO I ;  **** P<O.OOO I . 

Post tagging behaviour times were analysed using the Lifetest procedure and the 

comparison of cumu lat ive distributions were made withi n l i tter size across breed and are 

reported i n  Table 7.6 and Figures 7. 1 to 7 .4. 

Table 7.6 The effect of breed on ewe and lamb behaviour after birth ( Wilcoxon mean :t 
standard error). 

Behaviour Litter size Finn Texel Wi lcoxon Log-Rank 
p p 

Time to contact Single 1 . 1 0  ± 0.259 0.49 ± 0.099 **  ** 
( minutes) Twin 2 . 1 6 ± 0.289 0.7 1 ± 0. 1 54 ****  ***  
Figure 7 . 1 .  

Time to stand Single 0.86 ± 0.266 0.9 1 ± 0.323 ns ns 
( minutes) Twin 0.8 1 ± 0. 1 78 0.77 ± 0.252 ns ns 
Figure 7 .2 .  

Time to suck Single 3.08 ± 0.874 3 .83 ± 0.633 ns ns 
( minutes) Twin 3.86 ± 0.466 3 .44 ± 0.596 ns ns 
Figure 7.3.  

Time to fol low Single 2 .06 ± 0.478 2 .42 ± 0.449 ns ns 
( minutes) Twin 2 .60 ± 0.298 1 .22 ± 0.294 **  **  
Figure 7.4. 
ns=not sign i t�cant at P<0.05: * P<0.05 : ** P<O.O I :  ***  P<O.OO I ;  ****  P<O.OOO I . 

The time for ewes to contact their si ngle and twin lambs di ffered significantly  between 

breed, with Finn ewes taking longer to make contact (Table 7.6). Ewe contact time with 
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si ngle lambs was sign ificant ly affected by MBS, high bleat ing frequency ( P<O.OOO I )  

and lamb sex and sire of lamb ( P<0.05) .  One minute after tagging 84% of i ngle Texel 

lambs had ewe contact compared to 54% of Finns (Figure 7. 1 ) .  Nearly 80% of Texel 

twi n lambs had ewe contact one m inute after tagging compared to 40% of Finn twi n 

lambs (Figure 7. 1 ). Twin  lamb contact wa ignificantly affected by MBS and high 

bleating frequency ( P<O.OOO I ), low ewe bleati ng ( P<0.05) and lamb bleati ng frequency 

( P<O.O I ) . Ewe-lamb contact time was quicker if the ewe had higher M BS, high bleated 

fewer times and low bleated more. Ewe-lamb contact t ime wa al o quicker i f  twin 

lambs bleated. 

Lamb breed did not s ign ificantly affect t ime to stand and time to uck for si ngle and 

twin lambs (Table 7.6). Within one mi nute after tagging between 70% and 80% of al l 

lamb had stood (Figure 7.2) . Ewe high bleating frequency ( P<O.O I I )  and M BS 

( P<O. I 0) had a significant effect on t ime for si ngle and twin lamb to tand. Lamb sex 

(P<0.05 ) also affected si ngle lamb t ime to stand, whereas ewe weight prior to lambing 

( P<0.05) had a significant effect on time to stand for twin lamb . Lambs were quicker to 

tand after tagging i f  their dam had higher MBS and high b leated fewer t imes. 

Twin  Fi nn lambs took longer to fol low thei r moving dam compared to twi n Texel lambs 

(Table 7.6). Nearly 30% of twin Texel lambs fol lowed their moving dam within one 

minute of taggi ng, compared to on l y  2% of Fi nns, whereas 55% of twin Texel lambs 

had fol lowed ten mi nutes after tagging compared to 70% of Finn  (Figure 7 .4) .  Ewe 

MBS and lamb bleat ing frequency had a ignificant affect on time to fol low (al l 

P<O.O I ) . Lambs were quicker to fol low thei r moving dam if  she had higher MBS at 

tagging. Lambs that bleated more took longer to fol low thei r dam. 

Approximately half of all lambs had sucked from thei r dam ten m inute after tagging 

(Figure 7 .3 ). Lambs were quicker to suck from their dam with higher MBS.  
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Figure 7. 1 The effect of breed on the proportion of single and twin lambs to have ewe 
contact after tagging 
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Figure 7.2 The effect of breed on the proportion of single and twin Lambs to stand 
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Figure 7.3 The effect of breed on the proportion of single and twin Lambs to suck 
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Figure 7.4 The effect of breed on the proportion of single and twin lambs to follow their 
moving dam within ten minutes after tagging. 
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Lamb breed, l i tter size at b i rth and the in teraction between breed and l i t ter ize were not 

significant (P>0.05 ) factors affecti ng lamb bleat ing frequency. Finn and Texel lambs 

had sim i lar b leat ing frequencies recorded within ten mi nutes after tagging (Table 7.7) .  

However MBS did have a s ign ificant effect on lamb bleati ng frequency (�=-5.03±2. 1 4, 

P<0.05) . 

Table 7. 7 The effect of breed and litter size on ewe and lamb bleating behaviour after 
tagging (least squares mean .:!: standard error). 

Behaviour Litter size Finn Texel P ( breed) 

Lamb bleating frequency Single 29 ± 9.04 1 8 ± 3.38 ns 
Twin 29 ± 5.52 23 ± 4.07 n 

P ( Litter size ) ns n 

Ewe low bleating Single 43 ± 8.77 23 ± 6.93 0.07 
frequency Twin 49 ± 5 .4 47 ± 8. 1 2 ns 

P (Li t ter size) ns ** 

Ewe high bleating Single 1 1  ± 3 .78 1 0  ± 1 .64 ns 
frequency Twin 1 7 ± 2 .5 I 0 ± 1 .82 * 

P ( Li tter size) ns n 

ns=not signiticant at P<0.05: * P<0.05 ; ** P<O.O I :  * * *  P<O.OO I ; * * * *  P<O.OOO I .  

Breed of ewe and the i nteraction between breed and l i tter size were non-sign ificant 

fi xed effects i n  the model (P>0.05 ) for ewe low bleati ng frequency. Texel ewes with 

twin lambs low bleated ignificant ly more after tagging than Texel ewe with a i ngle 

lamb (Table 7.7) .  Litter size did have a significant effect on ewe low bleat ing frequency 

where ewes with twins bleated sign ificant ly more (48 ± 4.44) than ewes with a s ingle 

1 1 9 



Chapter 7 

lamb (33 ± 5.46) (P<0.05) . Ewes with higher M BS low bleated sign ificant ly more than 

ewes with lower M BS (J3= 1 9.3 ± 3.5 1 ;  P<O.OOO I ). Ewes with lower l i ve weights at 

pregnancy scanning (J3=-3 .2 ± 1 .52; P<0.05 )  and higher l i ve weights at lambing, b leated 

sign ificant l y  more (J3=3 . 1 4  ± 1 .3 ;  P<0.05 ). Day of tagging (J3= 1 .3 1 ±0.44, P<O.O I )  and 

hours from birth at time of tagging (J)=- 1 .22±0.58, P<0.05) also had significant effects 

on ewe low bleat ing frequency. 

The fi xed effects in the model for ewe high bleat ing frequency were not significant 

(P>0.05) ,  however Finn ewes with twin lambs high bleated signi ficantly more than 

Texel ewes with twin lambs (Table 7 .7 ). Time for lamb to stand (J3=5 .25 ± 0.65, 

P<O.OOO I )  and ewe MBS (J3=-4.93 ± 1 .08, P<O.OOO I )  had sign ificant effects on ewe 

high bleati ng frequency. Ewes high bleated more if thei r lambs took longer to stand and 

they had lower MBS at tagging. 

7 .4.2 Post Taggi ng Behaviour and Lamb Performance 

The fi xed effects of breed and the i nteraction between breed and l i tter size were non­

significant effects in the model for weight of lamb weaned (P>0.05 ). Litter size had a 

sign ificant effect on weight of lamb weaned (P<0.05 ). Ewes with a si ngle lamb at bi rth 

weaned 22 ± 1 .93kg and ewes with twi n l i tters weaned 30 ± 2.2kg. Weight of lamb 

weaned was sign ificant ly affected by M BS (J3=3.5 ± 1 .3 1 ,  P<O.O I )  and ewe l i veweight 

pre- lamb (J3=- 1 .2 ± 0.25, P<O.OOO I ) . 

Further analysi s ident ified a significant i ncrease i n  weight of lamb weaned with an 

i ncrease i n  MBS withi n l i tter size (Figure 7.5) .  For this part of the analysis M BS was 

grouped into three categories. Due to i nsufficient sub-c lass numbers, MBS I and 2 were 

grouped into MBS 2 (representing 'poor mothers ' )  and MBS 4, 5 and 6 were grouped 

into MBS 4 ( 'excel lent mothers ' ) . M BS 3 stayed as it was ( 'good mothers ' ) .  Ewes with 

twi n l i tters weaned significant ly greater weight of lamb if they had an M BS of 4 or 

greater at tagging compared to ewes wi th and MBS of 3 and lower ( P<0.05 ) .  The 

relationship between MBS and weight of lamb weaned for ewes with a si ngle lamb was 

not significant (P>0.05 ), however ewes with an MBS less than 3 weaned less lamb than 

ewes with an MBS of 3 ( P=0.07) .  
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Figure 7.5. The effect of MBS within litter size on weight of lamb weaned per ewe (least 

squares mean 2: standard error). 
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Lamb performance was general ly  not affected by the ewe and lamb behaviours recorded 

after tagging. Lamb weani ng weight and growth rates were not affected by behaviours 

recorded i n  this tudy and were primari ly affected by lamb birth weight and ewe 

l i veweight change i n  late pregnancy (refer to Chapter 5) .  

Lamb bi 1th weight was significant ly h igher for Texel (4.3 ± 0. 1 I kg) than for Fi nns (3.5 

± 0.08 kg)(P<O.OOO I )  and was significantly affected by ewe l i ve weight pre-mating 

(�=-0.04 ± 0.0 1 5) and pre-lamb (�=0. 1 0 ± 0.0 1 5 , P<O.OOO I ), day of birth 

(�=0.02±0.007, P<O.O I )  and significantly affected time for lamb to tand (�=-0.08 ± 

0.034, P<0.05 ). 

7 .4.3 Post Tagging Behaviour and Lamb Survival 

The resu l ts of the mult iple logi stic regression for Finn and Texel lamb are summarised 

in Table 7 .8 and describe how the odds of survi val to weaning changes as behaviour 

changes after tagging from '0' (e.g. did not stand) to ' I ' (e.g. did tand) and a l i tter ize 

and breed changes. The chance of surv ival to weaning was higher for Texel lambs but 

not significant ly di fferent from Fi nns ( i .e. 0R=0.76 for Finns; P=n ) .  Twin lambs had 

40% improved survival odds to wean ing than si ngle lambs, however twins and i ngles 

were not s ignificantly di fferent (Table 7 .8 ). 
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Lambs that did not suck after tagging had 30% odds of survival to weaning compared to 

those that did (P<0.05) .  The odds for lamb survi val was lowest for lambs that did not 

stand (OR=0.22),  that is the chance for a lamb to survi ve to wean ing was only 22% for 

those that did not stand after tagging compared to those that did (P=O. I I )  (Table 7.8) .  

Table 7.8 Regression coefficient estimates, odds ratios and 95% confidence intervals 
for the odds ratios and probability levels from logistic regression analysis of all Lambs 
and their chance of survival to weaning. 

Group Variable Regression Odds Ratio 95% (Cl)  p 
Coefficient (OR)  Confidence 

Interval 
Breed Finn -0. 1 4  ± 0.3 1 7  0.76 0.22 - 2 .65 ns 

Texel 0 

Litter size One -0.26 ± 0.252 0.60 0.22 - 1 .6 1  ns 
Two 0 

Dam Behaviour MBS 2 -0. 1 2  ± 0.40 1 .08 0.26 - 4.54 ns 
MBS 3 0.3 1 ± 0.35 1 .66 0.46 - 5.98 ns 
MBS 4 0 

Made contact 0 I 
Did not make -0.06 ± 0.4 1 3  0.89 0. 1 8 - 4.49 ns 

Lamb Behaviour Did stand 0 I 
Did not stand -0.76 ± 0.483 0.22 0.03 - 1 .44 0. 1 1  

Did fol low Dam 0 I 
Did not fol low -0.28 ± 0.276 0.57 0. 1 9 - 1 .69 ns 

Did suck Dam 0 I 
Did not suck -0.60 ± 0.243 0.30 0. 1 2 - 0.78 * 

ns = not significant; * P<0.05 ; ** P<O.O I ;  *** P<O.OO I ; **** P<O.OOO I . 

Further analyses were petformed and stepwise logi stic regression was used. Thi s  

procedure on l y  fi tted statistical ly significant vatiables into the model ( P<0.05 ) and 

ident ified lamb sucking and standi ng behaviour as the behaviour responses mo t l i kely 

to affect lamb surv ival .  A lamb that did not suck from i ts dam had a 27% chance of 

survi val compared to a lamb that did (OR=0.27; C I=O. I I -0.68; P<O.O I ) . A lamb that did 

not stand had a 1 7% chance of survi val to weaning compared to a lamb that did 

(0R=0. 1 7; Cl=0.03-0.87;  P<0.05) .  
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7.5 Discussion 

ln this study lamb ear-taggi ng was performed when the lambs were between five and 

eight hours old and was performed earl ier than under commercial conditions ( lambs 1 2-

24 hours old) .  Accord ing to Murphy et al. ( 1 994a) bondi ng and con equent ly surv i val 

of twins can be considerably improved if  the ewe remai ns together with her lambs for a 
minimum of 6 hours after bi rth, therefore lamb survival should not have been affected 

by tagging the lambs at a younger age. 

Ewe maternal behaviour and lamb behaviour at tagging was i nvestigated. Taggi ng 

temporari ly  separate a ewe and her l i tter. Ewes react differently to the eparation and 

this wi l l  be further modified by the i nvolvement of the shepherd .  Depending on the 

strength of the bond formed with her l i tter, the fear for the shepherd, the vi ib i l i ty of her 

lambs versus flock lambs, the prox imi ty of the flock and the dam' s  'dri ve' to be with 

the flock, the dam w i l l  stay close to her l i tter or de ert them in favour for the flock 

(Figure 7.6) .  

Figure 7.6. Behaviour conflicts for the dam when her litter is being ear-tagged ( where 
D= Dam, L l  and L2 =Dam 's Litter, L= Flock Lamb, £=Flock Ewe). 
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In this study M BS varies with breed. M BS gi ves an i ndication of a ewe' degree of 

attachment to her lambs i n  the fi rst days fol lowing parturi tion when chal lenged with 

human presence (Figure 7 .6) .  Finn ewe had lower MBS and took longer to contact the ir  

twin lamb . 

M BS had a significant effect on ewe- lamb contact time, t ime for lamb to stand suck 

and fol low i ts movi ng dam .  Ewes that were closer to their lamb at taggi ng, as 
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determi ned by higher M BS, were quicker to contact thei r lamb after taggi ng, the i r  lambs 

stood sooner, sucked and fol lowed sooner. According to Alexander ( 1 988), mother­

young acceptance is more l i ke ly if the newborn lamb has the fol lowing desi rable trai ts; 

stands soon after b irth, sucks soon after standing, fol lows thei r mother c losely and 

moves to the mother if separated. There were no breed di fferences for t ime of lamb to 

stand and suck after tagging. Finn twin lambs took longer to fol low thei r dam and this 

may be a result of delayed ewe contact. Astroshi and Osterberg ( 1 979) observed that an 

i ncrease in bi rth weight shortened the time from birth to standing. This study showed a 

s imi lar re lationship between bi rth weight and time to stand after tagging. 

[n  this study ewes with lower M BS at tagging high bleated sign i ficant ly more. This 

result supports observations by Dwyer et al. ( 1 998b ) . They suggested that high-pi tched 

bleating is affected by ewe breed and may reflect the l i ke l ihood of separat ion of the ewe 

from the lamb. Our resu lts contradict those of Lindsay et al. ( 1 990) who suggested that 

the best mothers were those that were less act ive in stressful situations and those that 

bleated more often .  However Lindsay et al. ( 1 990) did not specify whether the ewe 

bleats were high or low pitched. The ewes in this study high bleated significant ly more 

if  thei r lamb took longer to stand, suggesting that ewes bleated more i n  stressfu l 

si tuations. 

Texel ewes with twins low bleated more frequent ly than Texe l  ewes with a single lamb. 

MBS had a significant and posi ti ve effect on low b leat ing frequency. Ewes with 

younger lambs at tagging also low bleated significant ly more. Dwyer et al. ( 1 998b) 

suggested that the low-pi tched bleat rate of maternal ewes may be a reflection of her 

intri nsic physiology and the higher rate i n  primiparous ewes may reflect her 

i nexperience, immaturi ty and therefore slower bond formation . Nowak ( 1 996) suggests 

that vocal communication between the ewe and the lamb is central to adequate bond 

formation and has demonstrated that lamb bleat ing behaviour i s i nvolved i n  the 

attachment process. 

Lindsay et al. ( 1 990) observed that i ncreased vocal behaviour of lambs was strongly 

associated with earlier recognition of their mother and better bondi ng. Lamb bleati ng 

behaviour after tagging was s imi lar between breeds and lambs of di fferent l i tter sizes i n  

this study. However lamb bleating frequency was significantly h igher when the ewe had 
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lower MBS at tagging, therefore i nferring that the lamb is aware of its separation from 

i ts dam and is trying to locate her. Lamb vocal i sations are modified by thei r rearing 

experience and appear to represent a signal of need (Dwyer et al., 1 998b). 

7 .5 . 1  Relationship between post-parturient and tagging behaviours 

Cloete et al. (2002) showed that t ime to stand from bi rth and t ime to suck from standing 

do have a genetic component and that i t differs between breeds. Therefore, i t  is  l i ke ly 

that lamb surv i val to weani ng can be i mproved by i ncorporati ng the e l amb behaviours 

i n  animal breeding programmes. However behaviour observed and recorded after 

tagging requires less effort and supervi sion than after parturi t ion and better fi ts with 

current farm management practices i n  performance recorded flocks. 

Further analyses were required to i nvestigate whether a relationship exists between the 

post-parturient behaviours observed in Chapter 6 and the behaviours recorded in this 

study (Chapter 7) . Phenotypic corre lations were derived usi ng ASREML (Gi lmour et 

al., 1 998 ) and adjusted for breed and l i tter size. 

Table 7. 9 Phenotypic correlations between post-parturient and post-tagging behaviours 

observed in this study (phenotypic correlation J: standard error). 

Post-Parturient behaviour 
(Chapter 6)  

Ewe Behaviours 
MBS 
Ewe high pitched bleats 
Ewe low pitched bleats 
Time to first contact lamb 

Lamb behaviour 
Time to first stand 
Time to fir t suck 
Time to first locate udder 

Post-tagging behaviour 
(Chapter 7)  

MBS 
Ewe high pi tched bleats 
Ewe low pitched bleats 
Time to contact lamb 

Time to stand after tagging 
Time to suck 
Time to udder 

Pairs 
n 

30 
37 
36 
50 

40 
8 
1 6  

ns = not significant; * P<0.05; ** P<O.O I ;  *** P<O.OO I : **** P<O.OOO I . 

Phenotypic p 
correlation 

0.42 ± 0. 1 56 * 

0.29 ± 0. 1 77 ns 

0.60 ± 0. 1 1  * 

-0.02 ± 0. 1 4 1  ns 

-0.37 ± 0. 1 55 * 

0.06 ± 0.368 ns 

0. 1 0  ± 0.234 ns 

The phenotypic correlations show that a relationship doe exist between some of the 

behaviours observed immediate ly after b irth and the behaviours observed after tagging 

(Table 7.9) . MBS was recorded when the shepherd interfered with the dam ' s  l i tter at 

spray mark ing and at tagging. The phenotypic correlation was moderate and significant 

and therefore a rel iable i ndicator of the ewe' s  flocki ng response when temporari l y  

separated from her l i tter (Table 7.9) . However the correlation was not high and suggests 
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that temporary env i ronmental effects are large. The ewes abi l i ty to communicate with 

her l itter after taggi ng was related to the low bleat ing frequency after bi rth (Table 7.9). 

A lamb that i s  quick to stand after bi rth is .s lower to stand after tagging, as i ndicated by 

the negat ive moderate correlation (Table 7.9) .  The reason for this negat i ve relationship 

is unclear, but i t  may have arisen from the behaviour bei ng observed under different 

circumstances. That is at tagging the lamb may have viewed the shepherd as a predator 

and i nstead of choosing the 'fl i ght' response chose to 'freeze' ( Boissy, 1 998) .  Another 

possible explanation is that the lamb showed a reduced fear response as i t  a lready had a 

previous expetience with the shepherd after bi rth (when the lamb was spray marked) 

and therefore did not choose the 'fl ight' response. Observation of the lambs after 

tagging supports the former explanation. Logistic regression analyses showed that the 

odds of lamb survival improved if a lamb stood after tagging, therefore it assumed that a 

lamb that 'freezes' duri ng times of emotional stress is l i kely to become separated from 

i ts dam and separation can lead to death from starvation (Nowak and Lindsay, 1 992). 

Separation from i ts dam can be defined as a form of emotional stress (Napol i tano et al., 

1 995). Therefore the lamb's behaviour choice at di fferent stages of i ts development can 

affect i ts chance of survival .  Separation i n  the fi rst few days of l i fe w i l l  be detrimental 

to a lamb that ' freezes' if i ts dam has a strong flocking response ( low M BS) and she is 

not attracted back to the bi rth site. However if  the lamb chose the ' fl ight' response i t  

may have had a better chance of  bei ng reuni ted with i ts dam. A lternati ve ly a l amb that 

chooses to 'freeze' and i ts dam has a high MBS, has an improved chance of bei ng 

reuni ted with i ts dam, therefore improving i ts chance of surv ival . 

This study has shown that an increase i n  MBS translates to an improvement i n  weight of 

lamb weaned. O'Connor et al. ( 1 985) also observed an improvement in weight of lamb 

weaned per ewe mated with increasi ng M BS.  Selection for improved MBS must 

therefore improve production. However M BS is affected by breed, therefore it is 

important for farmers to know the effects of MBS in their flock before they start 

selecti ng for i mproved lamb behaviour. 
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7.6 Conclusion 

O'Connor and Lawrence ( 1 992a) found that it is lamb behaviour, not maternal 

behaviour that is the major factor l imi t ing lamb surv i val .  Thi s  study showed that lamb 

behaviour at tagging significant ly  improved lamb survival odds when compared with 

the ewe behaviour analysed. In particular, a lamb that stands and sucks has sign ificant ly 

improved chance of survi val to weaning; lamb survival was improved 3-fold for lambs 

that suck from their dam and improved nearly 5-fold for lambs that tand within ten 

minutes after tagging. 

It cannot be di scounted that maternal behaviour ha an affect on lamb behaviour. 

O'Connor et al. ( 1 985) suggested that maternal effects i nfluence lamb behaviour 

providing evidence that maternal behaviour at parturi tion and at taggi ng, as expressed i n  

the MBS, i cri tical to lamb surv ival . More important ly a lamb and dam ' s  response to 

stress i nduced by the shepherd at tagging is a good predictor of lamb surv i val and lamb 

production. 

Further research is needed to determine whether the tress i nduced at tagging can be 

replicated at an earl ier stage, preferably before the breeding sea on and whether the 

ewe's behavioural response at this t ime is i ndicat ive of her behaviour and lamb 

behaviour at tagging. Thi s  i s  explored further i n  Chapter 8 and 9 where the Arena 

Behaviour Test (Ki lgour and Szantar-Coddington, 1 995) has been u ed to ident ify 

behaviours that predict maternal behaviour and lamb-rearing abi l i ty .  The relationship  

between arena behaviou r  and Maternal Behaviour Score i s  also inve t igated . 

1 27 



7 

1 28 



CHAPTER 8 

An investigation of the relationship 

between ewe arena behaviour and 

lamb rearing performance 

Photograph taken by Barbara Gallagher 



Chapter S 

8. 1 Summary 

This study i nvestigated genetical ly divergent l i nes of Romney sheep with high or low 

insu l i n  l i ke growth factor ( [GF- 1 ), to determi ne if ewe behaviour in an arena test can be 

used to predict lamb-reari ng abi l i ty. There is an i nverse re lationship between dam IGF- 1 

concentrations and lamb bi rth weight ( B lair et al., 2002 ) .  Lamb bi rth weight i s  the 

dominant factor in lamb surv ival (H inch et al., 1 983 and Geenty, 1 997). 

A modified Arena Behaviour Test, sim i lar to that described by Ki lgour and Szantar­

Coddington ( 1 995) was performed on High IGF- 1 (n=88), Low IGF- 1 (n=8 1 )  and 

Contro l  ewes (n=65 ewes) in an attempt to identi fy behaviours that predict lamb-reari ng 

abi l i ty. The relationship between arena behaviour and Maternal Behaviour Score was 

also investigated. 

Arena and maternal behaviour tend to d iffer between selection l i nes. The Control ewes 

showed stronger flocking behaviour than the High and Low IGF ewes. The Control 

ewes were less perturbed by the person in the arena. They had lower mean, m in imum 

and maximum di stances from the person i n  the arena and approached Zone 3 at a faster 

speed. A greater proportion of Control ewes entered Zone 2 (closest to person and group 

sheep) ,  spent more t ime i n  Zone 2 and were more l i kely to in teract with penned sheep. 

The relationship between arena behaviour and maternal behaviour was not strong for a l l  

ewes. There was a moderate posi t ive correlation between the t ime H igh IGF ewes spent 

in Zone 5 (farthest from person and group sheep) and MBS (r=0.30; P<0.05 ).  This 

correlation was not significant for the Control and Low IGF sheep. H igh IGF ewes with 

a lower flocking tendency i n  the arena have higher maternal behaviour scores at 

taggi ng. 

Lamb reari ng performance was s imi lar between the three groups. The arena behaviour 

traits, which showed some promise as i nd icators of lamb reari ng performance to 

wean ing in Romney sheep, were fewer high pi tched bleat and a slower approach to the 

person and penned sheep. 

130 



Chapter S 

Ewe temperament appears to be under genetic control and i s  a l i ke ly predictor for lamb 

rearing performance as ewe temperament differs between selection l i nes. The arena test 

behaviour or a modified version thereof is worthy of further i nvestigation as a means of 

measuri ng lamb-rearing petformance. 

8.2 Introduction 

Low birth weights are associated with poorer lamb surv i val rates to weani ng. Lambs 

weighi ng less than 3 kg at birth have a very low survival rate ( Dalton et al., 1 980; 

Nowak and Lindsay, 1 992) .  I nsu l i n  l i ke growth factor - I  ( IGF- 1 ) p lays an important 

role i n  metabol i sm promoting growth. In genetica l ly divergent l i nes of Romney sheep 

there is an inverse re lationship between dam IGF- 1 concentrations and lamb birth 

weight (B iai r  et al. ,  2002). B i rth weights of lambs born to High IGF ewes were 0.7 kg 

less than lambs born to Low IGF ewes with Control lambs being intermediate. An 

increase in lamb bi rth weight wou ld improve survi val where dystocia was not 

anticipated (B iair et al., 2002). Lamb birth weight is a dominant factor i nfluencing the 

survival of lambs (H inch et al., 1 983) . 

It is  unknown to what exten t  se lection for production characters, such as i ncreased b irth 

weight and growth rate, has resulted in genetical ly corre lated changes in behaviour ( Key 

and Maciver, 1 980) and temperament. Poor ewe behaviour i s  an important cause of 

lamb death (Nowak, 1 996) and desertion leads to death by starvation. De ertion may 

result from the confl ict between the flocki ng behaviour of sheep and the isolation 

associated with maternal behaviour ( Ki lgour and Szantar-Coddi ngton, 1 995). 

Sheep breeders have selected for traits thought to improve lamb surv ival , such as 

maternal behaviour score (MBS) (O'Connor et al. , 1 985)  and arena behaviour (Ki l gour 

and Szantar-Coddi ngton, 1 995). Maternal behaviour score (MBS) has been posit i ve ly  

associated with lamb wean ing weight (O'Connor, 1 996; O'Connor et  al., 1 985; Chapter 

4 and Chapter 7). The Arena Behaviour Test has been used in Au tral i a  to predict the 

lamb-rearing abi l i ty of Meri no ewes (Ki lgour, 1 998). The Trangie Ferti l i ty flock, 

selected on lamb rearing abi l i ty, and the Random flock, unselected, were establ ished i n  

1 959 (Ki lgour and Szantar-Coddi ngton, 1 995). Of the arena behaviour traits measured 
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by Ki lgour and eo-workers ( 1 995, 1 997) and Ki lgour ( 1 998), total distance travel led 

differed consistently between the Fert i l i ty flock and the Random flock, and the Fert i l i ty 

flock travel led only 60% as far as the Random flock ( Ki lgour, 1 998). Number of bleats 

also differed consistently between flocks and the Fert i l i ty ewes and rams b leated less 

than thei r Random flock contemporaries at 6 and 1 2  months of age ( Ki l gour 1 998). 

They concluded that the arena behaviour test predicts di fferences i n  the maternal 

behaviour of ewes and that it is a possible se lection cri terion for the genetic 

improvement of lamb reari ng abi l i ty ( Ki l gour, 1 998; Ki lgour and Szantar-Coddi ngton, 

1 995). Mult iple arena tests were pe1f01med at di fferent ages on the same animal and 

they showed a moderate to high repeatabi l i ty i ndicat ing that the behaviour of the animal 

in the arena test was consi stent over t ime (Ki lgour and Szantar-Coddington, 1 995 ). 

Murphy et al. ( 1 994b) also showed that their modified arena test was highly repeatable 

when assessed at weani ng, hogget age and 2.5 years. 

A behaviour recorded at an early stage i n  the animal ' s  l i fe cycle i ndicat ive of maternal 

behaviour, preferably before i ts fi rst reproduct ive experience, would be of great benefi t 

for farmers wanting to se lect ewes with improved lamb rearing performance. The 

Arena Behaviour Test previously used by Ki lgour and Szantar-Coddi ngton ( 1 995) to 

predict lamb rearing abi l i ty i n  Meri no sheep wi l l  be used i n  this study to determine 

whether the Romney ewe ' s behavioural response at this t ime i s  i ndicati ve of  her 

Maternal Behaviour Score (MBS) at tagging. The Romney ewe is the tradi tional and 

most predominant breedi ng ewe in New Zealand and therefore warrants i nvestigation to 

determine whether there is sufficient variation in ewe temperament to enable effecti ve 

se lection and subsequently genetic improvement in lamb reari ng performance. Selection 

methods to improve lamb survi val resu lt ing from studies on Romney sheep would have 

the greatest adoption rates and subsequent benefits to the New Zealand sheep Industry. 

A number of studies have shown a posi ti ve relationship between b irth weight and lamb 

survi val (Petersson and Danel l ,  1 985; Dalton et al., 1 980; Hi nch et a l . , 1 986; Maund et 

al., 1 980). Recent studies by Blair et al. (2002) showed an inverse relationship between 

dam IGF- 1 concentrations and lamb birth weight. The IGF- 1 selection l i nes provide an 

opportuni ty to further explore the relationship between lamb bi rth weight and ewe 

behaviour and i ts affect on lamb reari ng performance. This project investigates whether 

Romney ewe temperament, as shown by their arena behaviour and subsequent maternal 
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behaviour and lamb rearing performance di ffers between genetical l y  divergent election 

l i nes for maternal IGF- 1 .  

8.3 Materials and Methods 

8 .3 . 1 Animals and Measurements 

A flock contai ning selection l i ne of sheep with high and low plasma concentration of 

IGF- 1 was e tabl ished in 1 986 from a commercial population of Romney heep. Three 

l i nes of sheep were generated based on plasma concentrations of IGF- 1 o that after five 

generations of divergent election for IGF- 1 plasma concentration, measured at 4 

months of age, the H igh l i ne have IGF- 1 levels 30% higher (High IGF) than the Control 

l ine (Contro l )  and the Low l i ne have IGF- 1 levels 25% less (Low IGF) than the Control 

l i ne (B lair et al., 2002). 

The ewes pregnancy scanned with si ngle and twi n lambs i n  the 2002 lambing eason 

were used in this study. Primiparous (2-tooth; 2 year old ewes ) ewes (28 High IGF, 26 

Control and 3 1  Low IGF) and mu ltiparou (mixed age; older than 2 years) ewe (60 

High IGF, 39 Control and 50 Low IGF) were used. Ewe were randomly elected from 

each of the High IGF and Low IGF selection l i nes and had been mated to ei ther H igh 

IGF or Low IGF rams. The Control ewes were mated to Control ram . 

The study was carried out on a Massey University research farm ( Keeble ), which 

operates under commercial condi tion . The animals i nc luded in the tria l  were 

performance recorded and were moni tored i ntensi vely from mat ing through to lamb 

weaning. A l l  ewes were run together over this period. 

The trial ewes were single sire mated from the I ih March to the 25th Apri l .  Liveweight 

and body condition score were recorded for each of the ewes prior to mati ng. Mating 

harnesses were used and the raddle colour changed every fourteen day . Ewe were 

pregnancy scanned on the 1 8th June by a Real -time Ultrasound Scanner to diagno e 

foetal number. 

The ewes were arena tested in the first week of Ju ly (average 53 days before lambing). 

The mean lambing date was 26th August. Wi thin 1 2  hours of bi rth lambs were weighed, 
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sexed, ear-tagged and identi fied to the dam. A Maternal Behaviour Score ( MBS)  

previously described by O'Connor et al. ( 1 985) was recorded on  each ewe when her 

lambs were tagged (Table 8 . 1 ). 

The l i tter size was recorded at tagging and wean ing (2 1 51 November; mean l amb  age 87 

days). Li tter survival was measured from scann ing to tagging and tagging to weaning 

and was calculated by d iv id ing the later l i tter size by the former l i tter size and recorded 

as a percentage. Weight of lamb weaned was recorded for each ewe. Ewes that lost an 

entire l i tter were i ncluded in the analysis as reari ng zero kg of lamb to weani ng. 

8 .3 .2  Behaviour Tests 

The MBS was scored on a 5-point scale based on the di stance a ewe retreats from her 

lambs when the shepherd is tagging them (Table 8 . 1 ). 

Table 8. 1 The maternal behaviour scores at tagging and the number of animals used in 
this study (proportion of animals in dam selection line with MBS). 

Description of Maternal Behaviour Score ( M BS)  
Ewe !lees as the shepherd approaches, shows no interest 
in lambs. does not return 
Ewe retreats further than I 0 metres, comes back to her 
lambs as the shepherd leaves 
Ewe retreats to such a d istance that tag identi fication is 
d ifficul t  ( 5- 1 0  metres) 
Ewe retreats but stays within 5 metres 

Ewe stays close to the shepherd during hand l ing of her 
lambs 

as described by O'Connor et al. ( 1 985). 

MBS 
I 

2 

3 

4 

5 

H igh IGF Control Low IGF 
2 (4%) 7 ( 20%) 2 ( 4% )  

1 5  (27%) 9 ( 26% ) 1 9 ( 35%) 

2 1  (37%) 9 ( 26% ) 1 6  ( 29%) 

9 ( 1 6%)  7 ( 20%) 8 ( 1 4%)  

9 ( 1 6%)  3 (8%)  10  ( 1 8%) 

The Arena Behaviour Test was fi rst used by Fel l  and Shutt ( 1 989) on groups of ewes. In 

this study i t  was modified to test indi vidual rather than groups of sheep ( Ki l gour, 1 998 ), 

because a sol i tary sheep wi l l  probably experience a greater degree of confl ict between 

join ing a flock and avoiding a person .  We also want to be able to select i ndi vidual sheep 

for animal breeding purposes. The arena test used in this study was further modified 

when compared to the test used by Ki lgour ( 1 998) with the main di fference bei ng the 

shortened recording t ime from 1 0  to 5 m inutes. 

Each test sheep was placed i nto an enclosed arena measuri ng 3m x 1 3m (Figure 8 . 1 ) ,  

and i ts behaviour was recorded for 5 m inutes. The sides of the arena were sol id and high 

enough to stop the sheep jumping out. The grid l i nes and numbers were marked on the 
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floor of the arena with pray paint. The sheep entered the pen through a gate at square 

38 .  The group pen at the end of the arena contained ten "Group" sheep. The barrier 

between the pen and the arena was a gate made from metal bars. The test sheep had 

visual contact with the "Group" heep whi lst in the arena. The person (shown as X i n  

Figure I )  stood in  front of  the pen contai ning the "Group" sheep. 

Figure 8. 1 .  Arena configuration for arena behaviour test. 

1 3  metres 2 metres 

[5] 41 [31 [21 

\ 37 36 3 1  30 25 24 1 9  1 8  1 3  1 2  7 6 I 

\ � 38 35 32 29 26 23 20 1 7  1 4 1 1  8 5 X Group Pen 3m 
39 34 33 28 27 22 2 1  1 6  1 5  1 0  9 4 3 

X=Person. Grid square = I m x I m 

The test sheep was moved i nto the arena through the gate located at square 38 and 

duri ng the test was al lowed to move around in the arena for 5 m inutes. The person 

standi ng at posi tion X, recorded which g1id square the sheep' s left front foot was i n  at 

I S-second intervals. This gave an i ndication of how mobi le the test sheep was. The 

confl ict the test sheep experiences between join ing a flock ("Group" sheep) and 

avoiding the person was quantified, according to Ki lgour ( 1 998). Forty test sheep were 

randomly se lected for test ing each day. Each sheep was tested only once and after 

testi ng i t  was released back to pasture. The "Group" sheep were from the ame flock 

and were not pregnant. The "Group" sheep consisted of ten sheep, random ly elected 

each day. The same "Group" sheep were used dai ly and for a maximum of 4 hour a day 

throughout the trial . 

A total of 20 readings were recorded over the fi ve minute testing period. These readings 

were used to determine the fol lowing parameters for each ewe: 

• Maximum di stance, bei ng the furthest quare from posi tion X (max ) 

• Minimum di stance, bei ng the clo est square to posit ion X (m in )  

• Mean distance from position X (mean ) 

• Total distance covered ( total ) 
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Addi tional characteristics recorded i ncluded the number of times the ewe defecated, 

u ri nated, high or low-pitch bleated throughout the 5 m inute test period. 

In addi tion the fol lowing measurements were calculated: 

• Prop01tion of t ime i n  Zone 5 (square 3 1  to 39) 

• Proportion of t ime i n  Zone 4 (square 1 9  to 30) 

• Proportion of t ime i n  Zone 3 (square 7 to 1 8 ) 

• Proportion of t ime i n  Zone 2 (square I to 6)  

• Time to first enter Zone 3 (minutes) 

• Time to fi rst enter Zone 2 (minutes) 

• Time to start sniffi ng "Group" sheep (minutes) 

• Number of t imes test sheep sniffed "Group" sheep ( tal ly) 

For each ewe the date of arena test, t ime of test and days from parturi tion was also 

recorded. 

8 .3 .3  Statistical Analyses 

Data col lected were used to compare dam selection l i nes using PROC M IXED (SAS, 

2002). PROC MIXED uses restricted/residual max imum l i ke l ihood (REML) methods 

to estimate the random effect (SAS, 2002) .  The analysis was constrained by the number 

of an imals i n  each of the fi xed effects, therefore restricti ng the analysis to the fol lowing 

uni variate mi xed l i near model ,  which tested for the fixed effect of dam selection l i ne. 

Pre l iminary analyses were aimed at ident ifying which fi xed effects shou ld be i nc luded 

in the l i near models for the main analyses. Pre l im i nary analyses tested the signi ficance 

of age of dam and l i tter size at b i rth as fixed effects for behaviour traits and lamb 

rearing pe1formance analyses. The fi xed effect of sire selection l i ne was tested for lamb 

performance analyses. The fi xed effects were only retai ned in the model i f  sign i ficant at 

P<0.05. 

To help decide the pathways i nvolved in the differences in dam behaviour and lamb 

rearing performance, analyses of covariance were performed and were retai ned in the 

model if stati stical ly sign ificant at P<0.05. 
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The fol lowing l i near model was used : 

Yij = ll + � + Li*� ,Xij + eij 

where Yij i s  the record of the /h dam of the i 'h selection l i ne, 

11 is the general mean, 

Li i s  the fixed effect of the i 'h dam selection l i ne, 

Xij is the behaviour trai t measured (e.g. m inimum distance from X )  in the i 'h dam 

of the j'h se lection l i ne, 

�1 is the regression of the production trai t of i nterest (e.g. weight of lamb 

weaned) on the behaviour trai t (e.g. min imum distance from X ), and 

eij is the random residual effect unique to Yij , .  

Mul ti ple compari sons between least squares means for the main factors affecti ng the 

trai t of i nterest were performed. 

Chi-squared (X2) analyses were performed for binary behaviour t raits using the SAS 

procedure for categorical data model l i ng, PROC CATMOD (SAS, 2000) .  

Pearson correlation coefficients (r) were computed using SAS ( PROC CORR) for 

behaviour and production traits across al l animals and within dam selection l i ne and 

were reported if significant at P<O. I 0. 

8.4 Results 

8.4. 1 Arena Te t Behaviour 

The Control ewes di ffered from the H igh IGF and Low IGF ewes for a number of 

behaviours in the arena test (Table 8 .2) .  The Control ewes moved closer to the person 

compared wi th the High IGF and Low IGF ewes (Table 8 .2) .  The date of the arena test 

had a s ignificant effect on mean di stance from the person (P<O.O I ) . Mean d istance was 

significant ly less on the first day of test ing compared to latter days. A possible reason 

for this was that the "Group" sheep may have been less settled on the first day and were 

therefore i n teracting more with the test sheep. 
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Control ewes with twins remai ned closer to the person than the High and Low IGF ewes 

with twins (High P<0.05 ; Low P<O.O I )  ( Figure 8 .2 ). The High IGF and Low IGF ewes 

tended to travel flllther from the person if they had twins compared to those that had a 

single foetus (P>0.05 ). This trend was reversed for the Control ewes (P=0. 1 3) .  

Table 8. 2 The effect of dam selection Line on movement within the arena ( least squares 

mean :t standard error). Means within dam selection line having different superscripts 
are different (?<0.05). 

Trait H igh IGF Control Low IGF 
Total distance travel led ( m )  58 ± 3 .92 a 66 ± 4.53 " 57 ± 4.05 a 
Mean distance from person ( m )  1 3. 1 ± 0.56 a 1 1 .3 ± 0.66 h 1 4  ± 0.59 a 
Mini mum distance from person ( m )  6.4 ± 0.5 1 a 4.6 ± 0.59 h 6.9 ± 0.53 " 

Max imum distance from person ( m )  28.8 ± 0.62 a 26.8 ± 0.7 1 h 29.6 ± 0.64 " 

Time to Zone 2 ( minutes) 1 . 3 ± 0. 1 7  a 1 .3 ± 0. 1 7  a 1 .3 ± 0. 1 9  a 
Time to Zone 3 (m inutes) 0.52 ± 0.072 a 0.46 ± 0.08 h 0.69 ±0.073 a 

Proport ion of t ime in Zone 5 5% ± 0.0 1 3 a 2% ± 0.0 1 5 ''  8% ± 0.0 1 4  h 
Proport ion of t ime in Zone 4 1 8% ± 0.02 a 1 5% ± 0.02 a 1 6% ± 0.02 a 
Proport ion of t ime in Zone 3 56% ± 0.03 a 52% ± 0.04 a 58% ± 0.03 a 
Proport ion of t ime in Zone 2 2 1 %  ± 0.03 a 3 1 %  ± 0.04 h 1 8% ± 0.03 a 

Mixed age H igh and Low IGF ewes moved further from the person than mixed age 

Control ewes (High P<0.05; Low P<O.O I ) . 

Al l  ewes spent a far greater proportion of t ime i n  Zone 3 than any other zone within the 

arena (Table 8.2, Figure 8 .3 ). The Low IGF ewes spent significant ly longer t ime in 

Zone 5 than the High IGF and Control ewes. The Control ewes spent significant ly 

longer i n  Zone 2,  close to the person and the "Group" sheep, than the Low and High 

IGF ewes (Table 8.2) .  The date of the arena test had a significant effect on proportion of 

t ime i n  Zone' s  4 and 2 (P<0.05 and P<O.O I respect i vely) with ewes tested on the fi rst 

day spending significant ly less t ime i n  Zone 2 and more t ime in Zone 4 than day 3 

onwards. Once again, this may be because the "Group" sheep were more sett led on 

latter test days as they had become more fam i l iar with their surroundings and to the 

person. The hour of the arena test significant ly affected proportion of t ime in Zone' s  2 

and 3 ( P<0.05 ), with ewes tested in the morning spending more t ime i n  Zone 3 and less 

t ime in Zone 2 than ewes tested in the afternoon. 

The proportion of sheep that entered Zone 2,  di ffered significantly between H igh and 

Low IGF ewes ( P<O.O I ); 72% of the Control ewes entered Zone 2 compared with 52% 

of the High IGF ewes and 43% of the Low IGF ewes. However for those ewes that 

entered Zone 2, the mean t ime taken to enter was the same for High and Low IGF ewes 
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(Table 8.2) .  The date of arena test CP=0. 1 8  ± 0.076, P<0.05 ) and mating weight CP=-

0.05 ± 0.0 1 4, P<O.OO I )  had significant effects on t ime taken to enter Zone 2. 

Figure 8.2. The effect of litter size at birth and dam selection Line on maximum distance 
from the person (standard errors included). 
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The Control ewe approached Zone 3 quicker than the High and Low IGF ewes (Table 

8 .2) .  The High IGF ewes tended to approach Zone 3 faster than the Low IGF ewes 

(P=0.09). Mixed age ewes (0.46 ± 0.054 mi nutes) approached Zone 3 faster than 2 year 

old ewes (0.65 ± 0.07 1 m inutes) (P<0.05). 

The Control ewes were more l i kely to sniff the "Group" sheep through the metal gate 

than the High IGF and Low IGF ewes and sniffed more times on average than the Low 

IGF ewes. The hour of arena test had a sign i ficant effect on this trai t CP=0. 1 4  ± 0.067, 

P<0.05) with ewes te ted in the afternoon sniffi ng the "Group" sheep nearly twice as 

much as ewes te ted in the morn ing (Table 8.3) .  

The Low IGF ewes were more l i kely to high bleat within the arena than the Control and 

High IGF ewe . General ly the ame proportion of 2 year old ewe high bleated as did 

not, however m ixed age ewes were more l i kely not to h igh bleat. Thi s  trend wa 

significant for the Control ewes (P<O.O I )  where 77% of mixed age ewes did not h igh 

bleat. Low bleat ing was s imi lar between dam l i nes. 
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One third of the H igh IGF ewes uri nated i n  the arena compared to 20% of the other ewe 

l i nes. There were no differences between l ines in number of defecations duri ng the 

arena test (Table 8 .3) .  

Table 8.3 The effect of dam selection Line on social behaviour within the arena (least 

squares mean J:: standard error). Means within dam selection Line having different 
superscripts are different ( ?<0.05 ). 

Trait 

Proportion that sni ffed group sheep 
Time to sniff ( minutes) 
Tal ly of sni ITs to group sheep 

Proportion that high bleat 
H igh bleats tal ly  
Proportion that low bleat 
Low bleats tal l y  

Proportion that urinated 
Proportion that defecated 

8 .4 .2  Maternal Behaviour 

H igh IGF 

28% 
1 .8 ± 0.25 a 

I ± 0.27 a 

34% 
1 .9 ± 0.56 a 

40% 

1 .7 ± 0.33 a 

32% 
6% 

Control 

37% 
1 .5 ± 0.25 a 
1 .7 ± 0.32 a 

37% 
2.7 ± 0.65 a h 

35% 
1 .2 ± 0.38 a 

2 1 %  
6% 

Low IGF 

1 8.5% P<0.05 
1 .2 ± 0.33 a 
0.7 ± 0.28 h 

57% P<O.O I 
3.9 ± 0.58 h 

43% ns 
1 .4 ± 0.34 a 

1 9.5% P<0.05 
6% ns 

Control ewes tended to have a lower mean M BS ( 2 .7 ± 0. 1 9) than the High IGF (3 . 1 ± 

0. 1 6) and Low IGF ewes (3 . 1 ± 0. 1 6) ( P=0.09) (Table 8 . 1 ). M BS was sign ificant ly 

affected by age of dam, dams born in 1 997 and 1 998 hav ing sign i ficantly higher 

maternal behaviour scores at tagging than dams born in 1 999 and 2000 (�=-0.64 ± 

0. 1 96, P<O.O I ) . 

For al l ewes measured duri ng the arena test, behaviours measured did not have a 

sign i ficant effect on MBS (P>0.05 ). Further analyses were performed to determine i f  

di fferences i n  M BS could be explained by  arena behaviour. The model was modi fied to 

i nc lude the fixed effects of whether a ewe did or did not enter Zone 2, or did or did not 

h igh bleat duri ng the arena test. These arena behaviours had no sign ificant effect on 

M BS (P>0.05) .  Therefore, correlations were performed to determine if a relationship 

ex ists between arena behaviour and M BS . High IGF ewes with higher MBS spent 

longer in Zone 5 ( r=0.30; P<0.05 ) had higher mean di stance ( r=0.28, P<0.05), 

max imum distance (r=0.26, P=0.06) and min imum distances ( r=0.2 1 ,  P=0. 1 3 ) from the 

person .  Therefore High IGF ewes with higher M BS have lower flocking tendency in the 

arena test. However Low IGF ewes that spent longer in Zone 2 tended to have higher 
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MBS at taggi ng (r=0.2 1 ,  P=0. 1 2) . No sign ificant correlations exi sted for Control ewes 

between M BS and arena behaviours (P>O. I 0) (Appendix  8.7, Table 8.7 . 1 ) .  

Zones were i ntroduced to the Arena test i n  an attempt to i nvestigate their use as  a 

predictor for MBS at tagging. A smal ler proportion of Control ewes spent t ime i n  Zone 

5, farthest from the person and the "Group" sheep, and fewer Control ewes had an MBS 

of  5 (Figure 8 . 3  and 8.4) . A greater proportion of  the Control ewes had a combi ned 

MBS of I and 2 and a l arger proportion of these ewes pent t ime in Zone 2 compared 

wi th the High and Low IGF ewes. There was a tendency for ewes that spend longer i n  

Zone 5 during the arena test to have higher MBS.  

Figure 8.3 Proportion of time spent High IGF, Control and Low IGF ewes in arena 
zone. 
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Figure 8.4 Proportion of High IGF, Control and Low IGF ewes with MBS. 
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8 .4.3 Lamb Rearing Performance 

Litter weight at bi 11h differed significant ly between the High IGF and Low IGF ewes 

and the Contro l  ewes were i ntermediate (Table 8.4 ). The Low IGF ewes had heavier 

l i tters than H igh IGF ewes. Other lamb production traits were s imi lar between l ines 

(Tab le 8 .4 ). S i re IGF- 1 l i ne was not a signifi cant effect on lamb production traits and 

was therefore excluded from the analyses. Li tter size at bi rth sign i ficant ly  affected l i tter 

weight at b irth (�=3.54 ± 0.2 1 5 , P<O.OOO I ) . Litter size at weaning was significantly 

affected by l i tter weight at bi rth (�=0. 1 5  ± 0.02 1 ,  P<O.OOO I ). 

L i tter survival to tagging and weani ng was simi lar between 2 year old and mixed age 

ewes (P>0.05) .  For al l sheep, l i tter s ize and weight of lamb at wean ing was simi l ar 

between 2 year old and m ixed age ewes however Low IGF mixed age ewes reared 1 .2 ± 

0.09 lambs and 22 ± 1 .67kg, whi l st Low IGF 2 year old ewes reared 0.9 ± 0. 1 4 1 ambs 

and 1 5  ± 2 .52kg (P<0.05 ) .  

The High IGF ewes tended to wean heavier lamb weights than the Low IGF ewes 

(P=0. 1 2) (Table 8 .4). Li tter weight at bi rth (�=2 .54 ± 0.389, P<O.OOO I )  and ewe 

condition score at mating (�=4. 1 2  ± 1 .70, P<0.05) significantly affected weight of lamb 

weaned, so that ewes with h igher condition scores at mating and h igher l i tter weights at 

b i 11h weaned greater lamb weights. The effect of l i tter weight at bi rth on weight of lamb 

weaned differed between dam selection l i nes (P<O.OOO I ) .  The effect of l i tter weight at 

b i rth was greatest i n  the High IGF l i ne (�=3.4 1 ± 0.658, P<O.OOO I ), s l ightly lower i n  the 

Control l i ne (�=3 .28 ± 0.888, P<O.OO I )  and lowest i n  the Low IGF l i ne (�= 1 .62 ± 

0.559, P<O.O I ) . Weight of l amb weaned was heavier for al l ewes with heavier l itter 

weights at birth, however the relationship was strongest for the High IGF ewes 

(correlat ions in Table 8.4). 
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Table 8.4 The effect of dam selection Line on Lamb rearing performance (least squares 

mean :t standard error). Means within dam selection line having different superscripts 
are different ( P<0.05). 

Trait H igh IGF 
Litter size at birth 1 .5 ± 0.06 a 
Litter size at wean ing 1 .2 ± 0.07 a 
Litter surv ival to tagging 0.93 ± om a 
Litter surv ival to weaning 0.85 ± 0.04 a 

Dam l i tter weight at birth ( kg)  B 5.6 ± 0. 1 7  a 
Dam l itter weight at weaning ( kg)  W 24. 1 ± 1 .43 " 
Correlation between B and W 0.63 ( P<O.OOO I )  

Control 

1 .4 ± 0.07 a 
1 .06 ± 0.09 a 
0.95 ± 0.03 a 
0.80 ± 0.05 a 

5.9 ± 0.2 1 a h 
2 1 .6 ± 1 .54 a 
0.45 ( P<O.O I )  

Low IGF 

1 .4 ± 0.06 a 
1 .07 ± 0.07 a 
0.95 ± 0.03 a 
0.83 ± 0.05 a 

6.2 ± 0. 1 8 h 
20.7 ± 1 .54 a 

0.37 (P<O.O I )  

Further analyses were perfonned to determine i f  di fferences i n  l amb reari ng 

perfonnance cou ld be explai ned by arena behaviour. The model was modified to 

i nclude the fixed effects of whether a ewe did or did not enter Zone 2, or did or did not 

high bleat during the arena test. These arena behaviours had no sign ificant effect on 

l i tter weight at bi rth, weight of lamb weaned and l i tter surv i val to weaning ( P>0.05 ). 

Whether a ewe high bleated duri ng the arena test did not signi ficant ly affect l itter 

survival at taggi ng (P>0.05 ). A sign ificant i nteraction was found between l i tter size at 

b itth and whether a ewe did or did not enter Zone 2. These results are presented i n  Table 

8.5 .  

Table 8.5 The effect of litter size at birth and whether a ewe does or does not enter Zone 
2 in the arena behaviour test, on litter survival at tagging (least squares mean :t 
standard error). 

Litter size at birth 

S ingle 

Ewe does enter 
Zone 2 

0.92 ± 0.027 

Ewe does not 
enter Zone 2 

0.98 ± 0.03 1 
Twins 1 .0 ± 0.036 0.89 ± 0.034 
P ( l i tter size) ns ns 
ns=not sign i ficant at P<0.05, * P<0.05, **P<O.O I ,  ***P<O.OOO I . 

p 
( behaviour) 

n 
* 

Ewes with twi n l i t ters that do not enter Zone 2 duri ng the arena te t had significant ly 

lower l i tter survival at  tagging (Table 8.5) .  Ewes that move around more i n  the arena are 

more l i kely to enter Zone 2. Ewes that did enter Zone 2 travel led 68.4 ± 2 .49m and ewes 

that did not enter Zone 2 travel led 52.9 ± 2.76m (P<O.OOO I ), however total distance 

travel led in the arena did not significantly affect l i tter survival to tagging ( P>0.05 ) .  

Correlations were performed to determine if  there were any relationships between 

behaviours and lamb reari ng performance. MBS increased with l i tter weight at bi rth for 

a l l  ewes (r=0.25, P<O.O I )  and for Low IGF ewes (r=0.40, P<O.O I ), but had no 
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significant relationship i n  Contro l  and High IGF ewes ( P>O. l 0) .  Li tter weight at bi rth 

was heavier in High IGF ewes that took longer to enter Zone 3 ( r=0.25, P=0.07) and 

heavier in Control  ewes that had lower maximum di stances to the person ( r=-0.32, 

P<0.05) .  Li tter survival traits and weight of lamb weaned were not significant ly affected 

by M BS (P>0.05) .  

For al l animals, ewes that h igh bleated fewer times i n  the arena test had higher l i tter 

survi val rates to weaning ( r=-0. 1 5, P<0.05 ) .  Ewes that lost an enti re l i tter by weaning 

high bleated twice as much duri ng the arena test than ewes whose l i tter survi ved (5 ± 

0.9 vs 2.7 ± 0.5, P<0.05 ) .  H igh-pi tched bleat ing dUiing the arena test did not 

s ignificant ly predict MBS (P>0.05) . 

Control ewes had higher l i tter survival rates at weani ng i f  they were slower to enter 

Zone 2 ( r=-0.28, P=O. I 0) .  There were no significant correlations for High IGF ewes 

between l i tter survival rate at weaning and arena behaviours ( P>O. I 0). Low IGF ewes 

that spent less t ime in Zone 5 ( r=-0.28, P<0.05 ), h igh bleated less ( r=-0.23, P=0.06), 

travel led closer to the person (m inimum di stance r=-0.20, P=O. I I )  and moved around 

more in the arena ( total distance r=0.2 1 ,  P=0.09) had higher l i tter survival rates at 

weaning. Ewes that move around more in the arena are more l i kely to enter the squares 

c loser to the person and this may explain why Low IGF ewes with higher l i tter surv i val 

travel led closer to the person . 

Across the flock, ewes that had high bleated more i n  the arena test tended to wean less 

lambs ( r=-0. 1 2 , P=O. I 0). This re lationship was observed in the Low IGF ewes ( r=-0.2 1 ,  

P=O. I 0) but not the High IGF or Contro l  ewes. Low IGF ewes weaned heavier lamb 

weights if they moved more ( total distance r=0.3 1 ,  P<0.05 ) i n  the arena. Contro l  ewes 

that weaned heavier lamb weights were s lower to enter Zone 2 in the arena test ( r=-

0.32, P=0.06). High IGF ewes tended to wean heavier lamb weights if they were quick 

to enter Zone 3 ( r=0.20, P=O. l I ) . 

8.5 Discussion 

Movement within the arena was general l y  simi lar between High and Low IGF ewes. 

The unselected Control ewes showed stronger flocking behaviour than the H igh and 
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Low IGF ewes i n  the arena behaviour test and the MBS. The Control ewes were less 

perturbed by the person in the arena. They had lower mean, min imum and maximum 

distances recorded; approached Zone 3 at a faster speed. Greater proportions of Control 

ewes entered Zone 2, spent a greater proportion of t ime in Zone 2 and were more l i ke ly 

to i nteract with the Group sheep. Ki lgour' s unselected flock al o travel led ignificant ly 

greater distances and had lower min imum distance at 1 2  months of age than the Fert i l i ty 

flock selected for lamb reari ng abi l i ty (Ki lgour, 1 998). 

Low IGF ewes had significantly h igher l i tter birth weights than H igh IGF ewes as found 

by B lai r and eo-workers (2002). Control ewes were i ntermediate. The weight of lamb 

weaned was not significant ly di fferent between dam selection l i ne , however High IGF 

ewes tended to wean heavier lamb weights than Low IGF and Contro l  ewes, therefore it 

can be extrapolated that High IGF lambs grew faster from birth to weani ng, as l i tter size 

at bi rth and weani ng were s imi lar between selection l ines. These resul ts are consi tent 

with that of B lair et al. (2002). 

The behaviour i n  the arena test suggests that Low IGF ewes experience greater levels of 

stress than H igh IGF ewes and that this is reflected in their lamb reari ng performance. 

Low IGF ewes were more l i kely to high bleat and high bleat more often than H igh IGF 

and Control ewes and a greater proportion of Low IGF ewes spent longer i n  Zone 5, 

farthest from person and "Group" sheep. Murphy et al. ( 1 994b)  reported that animals of 

quiet temperament grow faster and are better producers than animals that are re t less, 

nervous or aggressi ve animals. In this study Low IGF ewes had heavier l i tter weight at 

b irth, however this did not translate i nto heavier weights of lamb weaned, suggesti ng 

that High IGF ewes have better lamb rearing abi l i t ies than Low IGF ewes. 

The relationship between arena behaviour trai ts and MBS was not strong for a l l  ewes, 

however High IGF ewes that showed less flocking tendency in the arena also had higher 

maternal behaviour score at tagging. The strongest correlated arena behaviour with 

MBS was proportion of t ime spent i n  Zone 5 so that High IGF and Low IGF ewes that 

spent longer in Zone 5, farthest from the person and "Group" sheep, had higher MBS. 

This correlation was moderate and significant for High IGF ewes but not significant for 

Low IGF. Murphy et al. ( 1 994b) reported a s imi lar result where their ewes that pent 

the most t ime in the zone closest to the person and pen of sheep i n  a different arena test, 
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travel led flllther from thei r lambs when they were ear-tagged (r=-0.35). However, 

Murphy and eo-workers weighted the t ime spent in each zone by multiplyi ng the time i n  

each zone by  the number o f  the zone (Murphy et al. , 1 994b) .  Low IGF ewes with 

heavier l i tter weights at bi rth had higher M BS. This relationship was on ly significant for 

Low IGF ewes suggesti ng that di fferent physiological or genetic mechanisms within 

High and Low IGF ewes determine resul tant MBS at tagging. The analyses in this study 

involving M BS must be considered with caution as some MBS values had few animals 

(Table 8 . 1 ) . 

Ki lgour ( 1 998) showed that arena behaviours were important predictors for lamb 

survi val . Ki l gour and Szantar-Coddi ngton ( 1 995, 1 997) and Ki lgour ( 1 998 ) reported 

differences i n  the total di stance travel led and the number of bleats i n  ewes selected for 

greater ferti l i ty when compared to a random selected control flock.  Ferti l i ty ewes 

bleated less, whether the bleat was high or low pi tched was not defined and the number 

of bleats by Merino sheep far exceeded that of the Romneys in this study by at least I 0-

fold (Ki lgour, 1 998). Thi s  study fai led to show d ifferences in total distance travel led 

between dam selection l i nes, however ewes that h igh pi tch bleated less had higher l i tter 

surv ival rates to weani ng. Thi s relationship was significant for all ewes. High pi tch 

bleat ing in the arena test cou ld be used as a potential i ndicator for lamb rearing 

performance in Low IGF ewes, as Low IGF ewes that high bleated less weaned heavier 

lamb weights. 

In this study ewes with twins had higher l i tter surv i val rates at tagging i f  they did enter 

Zone 2. This may be because ewes that travel greater distances in the arena are more 

l i kely to enter Zone 2 .  In this study ewes that did enter Zone 2 travel l ed 1 6m further 

than ewes that did not enter Zone 2. However Ki lgour ( 1 998) showed that the ferti l i ty 

ewes travel led 60% less than the random flock in thei r arena test. Control ewes that 

were slower to enter Zone 2 had higher l i tter survi val rates and weaned heavier l amb 

weights per ewe. Low IGF ewes that moved more i n  the arena tended to have higher 

l i tter survival rates and wean more lamb. This l atter observation is harder to explain as 

ewes that remain longer on thei r bi rth s i te and therefore do not move around much tend 

to have higher lamb survi vat rates (Cloete et al., 1 998b ), however Pol lard ( 1 989) 

showed that when separated, ewes rearing mul tiple l i tters travel led greater distances 

towards thei r lambs compared with ewes rearing si ngles. 
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The arena test used i n  this study di ffered from that of Ki lgour and Szantar-Coddi ngton 

( 1 995, 1 997) and Ki lgour ( 1 998). Their arena test t ime was ten minutes and the arena 

entry and exit gate was located 7m from the person. The shortened test t ime should not 

have affected the recorded ob ervations as more variables were measured and deri ved in 

this study i n  an attempt to better explain sheep movement and behaviour, for example 

proportion of time spent in arena zones. The arena test in i ts current form i t ime 

consuming and requires a large labour input. To ensure high uptake by New Zealand 

farmers the usefu l  arena behaviours identi fied in this study need to be i ncorporated i nto 

an existi ng farm management practice and i nvestigated further to determine thei r 

feasibi l i ty as i ndicators for l amb reari ng performance. A possib le farm practice would 

be lamb weighing at weani ng, lambs that show greatest aggression and flocking 

tendency i n  the weighi ng crate may have poorer lamb reari ng performance as dams or 

rams. An effective test performed early i n  the animal ' s  l i fe cycle, that was moderatel y  

heri table and highly repeatable would improve lamb-rearing performance rapid ly  acros 

the flock, as animals with poor temperament would be cul led at a young age. 

Dwyer et al. ( 1 999b) showed that ewe breed affects maternal ovarian hormone duri ng 

gestation and that changes i n  maternal oestradiol concentration are related to ome 

aspects of maternal behaviour. Days from arena test to parturition did not affect the 

majority of arena behaviour traits recorded in our study. Therefore it is un l ikely that 

hormonal change in late pregnancy affect the behaviour traits tested, making 

appl ication of the arena test sui table at any t ime of the ewe's  l i fe cycle. 

In  this study, i t  appears that temperament di ffer between animals selected for H igh and 

Low IGF and the unselected Control flock and it may be that an i ncrease i n  

intensification and selection for a physiological characteristic, such as IGF- 1 ,  has led to 

a decrease in the expression of behaviours associated with i ncrea ed birth weight and 

surv ivab i l i ty under extensive conditions (Dwyer and Lawrence, 1 998a). 
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8.6 Conclusion 

No relationship cou ld be found between IGF- 1 selection l i ne, bi rthweight, maternal 

behaviour and lamb rearing performance. However there appears to be l i nks between 

the flocking behaviour of Romney sheep and their IGF- 1 status. There was an expected 

b irthweight di fference between IGF- 1 selection l i nes and this did have an affect on 

flocking behaviour but not on maternal behaviour. Low IGF, High IGF and Control 

ewes differ consi stent ly i n  some behaviours dur ing the arena test. 

It appears that arena behaviour, in particular lack of high-pitched bleati ng and reduced 

flocking behaviour, are predictors for lamb reari ng performance. However, further arena 

tests need to be performed on groups of ewes that differ markedl y  i n  flocki ng and 

subsequently maternal behaviour to determi ne if these arena behaviours are suitable and 

rel i ab le predictors for maternal behaviour and lamb  reali ng performance. Only then can 

the resu l ts and trends reported in this study be validated and appl ied to Industry. 

Arena Behaviour Tests on Fi nn and Texel ewes warrant investigation as there was 

sufficient valiation in maternal behaviour wi thi n and between these breeds as shown i n  

Chapter 6 and Chapter 7 .  
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8. 7 Appendix 

Table 8. 7. 1 Correlation coefficients between measures of arena and maternal behaviour 
and lamb production traits for dam selection lines. 

Where B=Dam l i tter weight at birth; ST= Litter surv ival from birth to tagging; SW= l i tter survival to 
weani ng; W= dam l i tter weight at weaning and MBS=maternal behaviour score. Only stat istically . . f I 

. 
d ( P  0 I 0)  s1gm 1cant corre atJons are reporte < 

Behaviour traits Al l  
Maximum distance from person 
Mini mum distance from person 

Mean distance from person 
Total d istance travel led 

Proportion of t ime in Zone 2 
Proportion of t ime in Zone 3 
Proportion of t ime in  Zone 4 
Proportion of t ime in Zone 5 

Time to sniff Group sheep 
Time to Zone 2 ST -0. 1 8  § 

Time to Zone 3 

Low bleats 
High bleats w -0. 1 2 § 

SW -0. 1 5  * 
MBS 8 0.25 **  
§ P<O. I 0 .  * P<0.05, **P<O.O I .  ***P<O.OOO I .  

H igh IGF Control Low IGF 
MBS 0.26 § 8 -0.32 * 

ST -0.25 * 
SW -0.20 § 

MBS 0.28 * 
SW 0.2 1 § 
W 0.3 1 * 

ST 0.30 * 

MBS 0.30 * ST -0.4 1 *** 
SW -0.28 * 

ST -0.57 * 
ST -0.40 * 

w -0.32 § 
SW -0.28 § 

8 0.25 § 
w 0.20 § 

w -0.2 1 § 
SW -0.23 § 
8 0.40 ** 
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Chapter 9 

9.1 Summary 

This  study i nvestigated the behaviour and performance of ewes with twins and trip lets 

on post-grazi ng sward heights of 2, 4;6 and 8cm i n  late pregnancy and at lambing. 

Lamb behaviour and performance was also i nvestigated. 

Twi n  l i tter weight at b irth was s imi lar for ewes grazi ng 2, 4 and 6 cm sward heights. 

Increas ing pasture al lowance from just 2cm to 4cm to ewes with triplet l i tters i ncreased 

l i tter weight at bi rth by 2 kg, i ncreased weight of lamb weaned by 8kg and i mproved 

l i tter survival to taggi ng by 4%. Triplet lamb surv ival to tagging i ncreased by 1 5% from 

the lowest pasture al lowance to the highest (from 2cm to 8cm ). Triplet l i tter surv ival 

was sim i lar to twi n  l i tter survi val at the highest pasture al lowance (8cm; 2000 

kgDM/ha). 

Pasture al lowance had a greater effect on lamb behaviour than ewe behaviour and 

triplets were more affected than twins. Feeding level did not affect Maternal Behaviour 

Score (M BS), however MBS was related to a number of lamb behaviours. Ewes on 

higher pasture al lowances were more l i ke ly to stay with thei r l i tter at the tagging site. 

Ewes with triplet l i tters on the 2cm sward height were further from their l i tter five 

minutes after tagging and high pitch bleated significant ly more. These ewes were less 

l i kely to make contact wi th thei r lamb after tagging. T1i plets born on lower pasture 

al lowances were less l i ke ly to stand, locate thei r dam's  udder and fol low the ir  moving 

dam. Fewer tri plet lambs b leated fol lowing tagging and this m ight be why fewer ewes 

made contact. 

The behaviour of the ewe and lamb after separation, during tagging, how promise as 

indicators of lamb pe1formance. In this study lamb growth rate i ncreased I Og/day for 

every addi tional minute the lamb conti nued to l ie on the ground after tagging. Lamb 

growth rate decreased by I Og/day for every minute longer the ewe took to contact her 

lamb after tagging. 

It is  i mportant to consider the behaviour of both ewe and lambs as not 'poor' maternal 

behaviour but i nadequate l amb behaviour may be the l imit ing factor in triplet lamb 

survival on lower pasture al lowances. Triplet lambs on low pasture a l lowances were 
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less l ikel y  to b leat when separated from thei r dam, thus reduci ng the dam' s  abi l i ty to 

relocate her l i t ter. 

Ewes with triplets graz i ng high pasture al lowances in late pregnancy can achieve l itter 

survival rates s imi lar to those with twins. Ewes with triplets require higher pasture 

al lowances to achieve s imi lar production as ewes with twin l i tters. 

9.2 Introduction 

Improved lambing percentage makes the biggest contti bution to higher profi ts on New 

Zealand sheep farms (Geenty, 1 997). Pregnancy scanning enables farmers to identify 

and preferential ly feed ewes with mul ti ple foetuses. However triplet l amb  surv i val  is a 

problem . Farmers requ ire technology to improve lamb survival i n  highly fecund sheep. 

A ewe's  maternal behaviour and l i tter survival are under min imal genetic contro l  and 

the major source of variation in these traits is due to temporary environmental effects 

(Chapter 3 ). Lamb survival is predomi nantly control led by the environment (Lopez­

V i l l lalobos and Garrick, 1 999; Morri s et al., 2000; Chapter 3) .  Results from Chapter 4 

suggest that ewes that mai ntai n body condition i n  late pregnancy provide a more 

sui table environment to grow and support their l i tters and is part icular ly important for 

ewes with triplet l i tters. Therefore a better understanding of environmental conditions, 

particu larly feeding levels throughout pregnancy and at lambing may infl uence the lamb 

losses seen i n  highly fecund ewes. 

In late pregnancy and early lactation the nutri tional requirements of ewes wi th twins are 

very high (Holmes, 1 975) . The last 4-6 weeks before lambi ng are cri tical (Scales et al., 

1 986). When mul ti ple beari ng ewes were offered additional feed i n  late pregnancy to 

increase l i veweight, lamb mortal i ty was reduced, suggesting meri t in i mproved pre­

lamb feeding for ewes carrying more than one lamb (Scales et al., 1 986). To date 

'optimal ' pasture feedi ng levels for ewes with triplets have not been adequately defined 

as research i nto ewe energy requirements in late pregnancy has focused on ewes with 

s ingles and twi ns (Geenty and Rattray, 1 987). Inadequate feedi ng can result i n  poor 

maternal behaviour, an important cause of lamb death (Nowak, 1 996) .  Dwyer et al. 

( 2003) demonstrated that a moderate reduction i n  maternal nutri tion i n  late pregnancy 
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resulted i n  a quantitati ve reduction i n  the expression of maternal behaviours, i n  

particular M BS, at parturition under i ntensi ve indoor conditions. The New Zealand 

sheep industry is pasture based and the strength of ewe-lamb attachment for ewes with 

twi n and triplet l itters grazing differi ng pasture a l lowances in late pregnancy i s  

unknown. 

Ewe-lamb bonding and lamb survi val are max imised by management practices that 

i ncrease the time spent on the b irth s i te by the ewe after pa11urit ion (Nowak, 1 996). If 

pasture qual i ty and quant i ty are good and the paddock has adequate shelter then the ewe 

wi l l  stay at the birth s i te with her lambs for a longer period (Pol lard and Litt lejohn, 

1 999). Lindsay et al. ( 1 990) observed that the t ime spent on the bi rth s i te i ncreased 

when ewes with twi ns were on a higher plane of nutrition 6 weeks before lambi ng.  

Nowak ( 1 996) observed a considerable improvement i n  twin lamb bonding with their 

dam and twi n  lamb survi val when the mother remai ned on the bi rth site for a min imum 

of 6 hours. However Murphy et al. ( 1 994a) suggested that it is not that the dam is on the 

bi 11h site for 6 hours after parturi tion that improves lamb survi val but that the dam is  

together with al l of her lambs. Nowak and Li ndsay ( 1 992) concluded that the abi l i ty of 

twin lambs to discrimi nate their dams from al ien ewes 1 2  hours after birth is related to 

urvi val duri ng the neonatal period and Shi l l i to-Walser ( 1 978) stated that the formation 

of the dam-lamb bond is the result of a rapid learning process i nfluenced by both the 

behaviour of the dam and the lamb. Therefore lamb and maternal behaviour must be 

investigated conjoint ly to ident ify the environmental conditions that have the greatest 

impact on the formation of a successfu l  ewe- lamb bond. 

The arena behaviour test has been used in Austral ia to predict the l amb-reari ng abi l i ty of 

Merino ewes ( Ki lgour, 1 998 ). A modified arena behaviour test, simi lar to that described 

by Ki lgour and Szantar-Coddington ( 1 995 ) was performed to determi ne if behaviour 

characteristics in m id-late pregnancy di ffer in Romney ewes allocated different feeding 

levels . A relationship was sought between behaviour i n  the arena and maternal 

behaviour. Maternal behaviour score (MBS)  has been posi t ive ly associated with lamb 

weaning weight (O'Connor et al., 1 985; O'Connor, 1 996), weight of lamb weaned and 

dam l i tter survival ( see Chapters 3, 4 and 7) .  
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This  study i nve tigates whether pasture al lowance before and at lambing affect ewe 

behaviour, lamb behaviour and subsequent twin and triplet lamb performance to 

weaning. 

9.3 Materials and Methods 

9.3 . 1 Animals and Measurements 

The animals included in the trial were moni tored from pregnancy scanning through to 

lamb weani ng. At pregnancy scanning ( 1 7'h June; about day 64 of pregnancy) 1 86 fi rst 

cycle-mated ewes (mated between the 91h and 261h of Apri l )  were identified as carrying 

twins (n=96) or triplets (n=90). Ewes were then transported from Massey University 

Ri verside Farm to Mas ey Un iversity Keeble Farm. The trial ewes were made up even ly 

of mixed age and 2-tooth ewes and predominant ly constituted Romney breed. 

The ewes were randomly div ided i nto four nutritional treatments (2 ,  4, 6 and 8cm post­

grazing sward heights) representing a 'poor' (800 kgDM/ha), 'normal ' ( 1 200 

kgDM/ha), 'generous' ( 1 600 kgDM/ha and ·overgenerous' (2000 kgDM/ha) feed 

supply respect i vely ( Rattray et al., 1 987) .  Each treatment was repl icated (n= 1 2  ewes i n  

each repl icate duri ng pregnancy) on two separate blocks ( ' Pi nes' and 'Caravan' b locks) 

to ensure statistical i ntegri ty (Table 9. 1 ). The pasture height was measured weekly by 

ri s ing plate meter method and maintai ned by modifying the stocking rate. The trial ewes 

remained on the four nutritional treatments during pregnancy and parturi tion and were 

removed after the lamb were ear-tagged (Figure 9. 1 ). 

Table 9. 1 Number of ewes included in statistical analysis according to post-grazing 
pasture sward height, block and litter size at birth. 

Paddock 
B lock Litter size 2cm 4cm 6cm 8cm 
·caravan' Twins 1 2  1 0  1 2  1 2  

Triplets 9 1 0  1 0  1 1  
Paddock Total 2 1  20 22 23 

·P ines' Twins 1 2  1 2  1 3  1 2  
Triplets 1 1  1 1  8 1 1  
Paddock Total 23 23 2 1  23 

Approximately 24 hours after the lamb was ear-tagged (taggi ng) the ewe and her lambs 

were transferred to one of two pastures with post-grazi ng sward heights of 4 and 8cm 
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and remained on this feed level unti l lamb wean ing (6th December 2002, mean lamb age 

88 days) (Figure 9. 1 ). This  study focuses on pasture al lowance up to and at tagging. 

Figure 9. 1 Pasture sward height treatments and brief trial plan. 

! .�::::::.�.�::�.�::��.'. �::::::::.��: �-�.:: .�:�: . . . . .  ! . . - -��.'.'�:.��:.::�.�·-�::.��:�:::: �.:.�:.�: . . ! 
r t tt t 

PREGNA CY Arena test LAMBING TAGG I G WEA I NG 

SCA J NG 

The l i veweight and body condi tion score of each ewe were recorded immediate ly 

fol lowing pregnancy scann ing. Ewe l i veweight was recorded immediately before 

transfer to the post-tagging nutri tional treatment and at lamb weaning. Ewe l i veweight 

change over lactation was calculated by subtracti ng ewe l i veweight at lamb weaning 

from ewe l i veweight post-tagging and di vidi ng by the number of days. Ewe weight 

change was recorded in grams per day. 

The ewes were arena behaviour tested from the 1 6th to the 20th of Ju ly (about day 90 of 

pregnancy). The ewes had been on the sward height treatments for one month when 

arena tests were performed (Figure 9. 1 ). 

The mean lambing date was the 9th September 2002. Weather condi tions were m i ld and 

consistent throughout lambi ng. Date and hour of birth was recorded for each ewe and 

her l i tter. Within 1 2  hours of b i rth lambs (al i ve and dead ) were caught, weighed, the 

lambs were sexed, ear-tagged and identified to the ewe. This procedure i s  referred to as 

' taggi ng' and was performed by two people, one person measuring and the second 

person recording. l mmed iate ly fol lowing tagging the lambs were placed together on the 

ground, the two recorders moved 20-30m away where they recorded a number of 

maternal and lamb behaviours for a period of five minutes. 

Li tter size was recorded at pregnancy scanni ng, bi rth, taggi ng and wean ing. Li tter 

survi val was measured from bi rth to tagging and tagging to weaning and was calculated 

by di viding the latter l i tter size by the former l i tter size and recorded as a percentage. 
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Litter survival from birth to wean ing was also calcu lated. Litter weight at b i rth and 

weight of lamb weaned were recorded for each ewe. Ewes that lost an ent ire l i tter were 

i ncluded in  the analysis as reaiing zero kg of lamb to weaning. 

Lamb surv ival  was investigated as a lamb specific trait and was recorded at taggi ng and 

at weani ng. Lamb surv i val was recorded as a binary trai t , lambs a l ive at each of these 

stages was g iven a score of ' I ' , whereas lambs not present at tagging or weani ng were 

given a score of '0' . 

Litter surv ival and lamb survival trai ts are related and were analysed eparately i n  this 

study. Li tter survi val measures the dam's  abi l i ty to rear a l l  of her lamb born in a 

particu lar paii ty, whi le lamb surv ival is measuring an i ndiv idual lamb's  abi l i ty to 

survive and i s  i nfluenced by the dam. 

Lamb growth rate (grams/day) was calcu lated by subtracting b irth weight from weight 

at weaning and dividing it by the number of days between the two mea urements. 

9.3 .2 Arena Test Behaviour 

The arena behaviour test wa fi rst used by Fel l  and Shutt ( 1 989) on groups of ewes. I n  

this study i t  was modified to  test i nd iv idual ewes rather than group of heep ( Ki lgour, 

1 998), because a sol i tary sheep w i l l  probably expeiience a greater degree of confl ict 

between join ing a flock and avoid ing a person and we need to se lect i ndiv idual animals 

for animal breeding programmes. 

Each test sheep was placed into an enc losed arena measuii ng 3m x 1 3m (Figure 9.2), 

and i ts behaviour was recorded for 5 m inutes. The observation t ime for the Arena Test 

was the same duration as the observation t ime al lowed for the taggi ng behaviours 

(Section 9.3 .4). The sides of the arena were sol id  and high enough to stop the heep 

jumping out. The giid l i ne and numbers were marked on the floor of the arena with 

spray pai nt. The sheep entered the pen through a gate at quare 38. The pen at the end of 

the arena contai ned ten "Group" sheep. The bariier between the pen and the arena was a 

metal gate, made of bars that enabled v i  ual contact between the group and test heep. 

The test sheep had vi sual contact with the "Group" sheep whi lst in the arena. The 

person (shown a X i n  Figure I )  stood i n  front of the pen contain ing the "Group" sheep. 
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Figure 9.2 Arena configuration for arena behaviour test. 

I 3 metres 2 metres 

[5] 4] [1] [2] 

\ 37 36 3 1  30 25 24 1 9  1 8  1 3  1 2  7 6 I 

\ 38 35  32  29 26 23 20 1 7  1 4  1 1  8 5 X Group Pen 3m 

39 34 3 3  2 8  27 22 2 1  1 6  1 5  1 0  9 4 3 

X=Person. Grid square = I m x I m 

The test sheep was moved in to the arena through the gate located at square 38  and 

dur ing the test was al lowed to move around in the arena for 5 mi nutes. The person 

standi ng at posi t ion X, recorded which grid square the sheep' s left front foot was in at 

1 5-second i ntervals . This gave an i ndication of how mobi le the test sheep wa and 

al lowed the confl ict the test sheep experiences between join ing a flock ("Group" sheep) 

and avoiding the person to be quantified (Ki lgour, 1 998). Two paddocks of sheep were 

randomly  selected for testi ng each day, one i n  the morning and one i n  the afternoon. 

Each sheep was tested on l y  once and after test ing i t  was released back to pasture. The 

"Group" sheep were from a di fferent flock and were not pregnant. The "Group" heep 

consi sted of ten sheep, randomly selected each day and used dai l y  for a max imum of 4 

hours a day throughout the tria l .  

A total of 20 readings were made over the fi ve mi nute test ing period. These readi ngs 

were used to determine the fol lowing parameters for each ewe: 

• Maximum di stance, being the furthest square from position X (max) 

• Min imum di stance, bei ng the c losest square to posi tion X (m in )  

• Mean distance from position X (mean ) 

• Total di stance travel led ( total ) 

The number of t imes the ewe defecated, uri nated, or bleated at a high or low-pi tch 

throughout the test was recorded. 
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The fol lowing measurements were calculated from the data: 

• Proportion of t ime i n  Zone 5 (square 3 1  to 39) 

• Proportion of t ime i n  Zone 4 (square 1 9  to 30) 

• Proportion of t ime i n  Zone 3 ( square 7 to 1 8) 

• Proportion of t ime i n  Zone 2 (square I to 6) 

• Whether the ewe entered Zone 2 (yes/no) 

• Time to first enter Zone 2 (minutes) 

• Time to fi rst enter Zone 3 (m inutes) 

• Time to start sn iffi ng "Group" sheep (m inutes) 

• Number of times test sheep sniffed "Group" sheep (tal ly) 

For each ewe the date of arena test, t ime of test and days from parturi t ion was also 

recorded. 

9.3 .3 Maternal Behaviour 

A Maternal Behaviour Score (MBS)  described by O'Connor et al. ( 1 985) was scored on 

a 5-poi nt scale based on the di stance a ewe retreated from her l ambs when the shepherd 

tagged them (Table 9.2) . 

Table 9.2 Description of the maternal behaviour score (MBS) used in this study. 

Description of Maternal Behaviour Score ( M B S )  MBS 
Ewe llees as the shepherd approaches, shows no interest i n  lambs, does not return I 
Ewe retreats further than I 0 metres, comes back to her lambs as the shepherd leaves 2 
Ewe retreats to such a d istance that tag ident i fication i d ifficul t  (5- I 0 metres) 3 

Ewe retreats but stays within 5 metres 4 
Ewe stays close to the shepherd during hand l i ng of her lambs 5 

The fol lowing ewe behaviours were recorded immediate ly after tagging for a fi ve­

mi nute period. The t ime to first contact after tagging between the ewe and the lamb was 

recorded (ewe- lamb contact). Lambs that had no contact with thei r ewe five-m inutes 

after tagging were recorded as '0' and those that did have ewe contact were recorded as 
' I ' . 

Ewe bleats were counted and categorised as low-pitch bleats ( rumble cal l s )  and high­

pi tch bleats. Low bleats made with the mouth closed genera l ly  occur when the ewe is i n  

c lose proximity to the lamb. H igh ewe bleats made with the mouth open and are 

general l y  made by ewes when thei r lambs are separated from them (Shi l l i to, 1 972). 
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Ewes that moved further than 5m from the tagging site were recorded as a bi nary trai t 

( '0 '  ewe moved away and ' I '  ewe stayed). The max imum distance of the ewe from any 

one of her lambs was roughl y  estimated in metres at the end of the 5-minute recording 

period. 

For each ewe and her l i tter the date and t ime of tagging was recorded as wel l  as the 

approximate age of the l ambs in hours at tagging. 

9.3 .4 Lamb Behaviour 

At tagging each lamb was ident ified by a colour spray mark and i ts behaviour recorded 

for fi ve-mi nutes. 

Each lamb was placed on i t  side on the ground immediate ly after tagging. The time 

from the end of tagging unti l the lamb stood was recorded in m inutes. In some instances 

the lamb did not stand during the five mi nutes of observation and was recorded as '0' , 

whereas a lamb that stood duri ng the 5-minute post taggi ng period was given a score of 

' I ' . 

Individual ewe-lamb contact t ime was recorded (as described above). Lamb bleat ing 

whi le separated from i ts dam was recorded. Lamb bleat ing was recorded as a binary 

trai t, '0' recorded for lambs that did not b leat and ' I '  recorded for those that did. 

l f  the ewe moved more than 5 metres away from the tagging si te, the t ime taken 

(mi nutes) for the lamb to fol low was recorded . A lamb that fai led to fol low its movi ng 

dam was recorded as '0' whereas a lamb that fol lowed was gi ven a ' I ' . 

Time taken for each lamb to locate the ewe's udder and to suck were also recorded. 

Lambs that did not perform these 'behaviours' duri ng the 5-mi nutes fol lowi ng taggi ng 

were gi ven a score of '0' whereas those that did were gi ven a score of ' I ' .  Some lambs 

had sucked prior to taggi ng, as their stomachs appeared to be fu l l ,  possib ly reducing the 

'dti ve' for these lambs to suckle from their dam during the 5-mi nutes fol lowing tagging. 

Unfortunate ly this information was not recorded. 
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9.3 .5 Statistical Analyses 

The trial was set-up as a spl i t plot design and tested for the fi xed effect of pa tu re 

al lowance i n  late pregnancy (2, 4, 6 or 8cm sward height), l i tter size at b irth and the 

interaction between pasture al lowance and l i tter s ize. B lock and pasture al lowance 

within b lock were considered random effects and specified by the RAN DOM tatement 

in PROC M IXED (SAS, 2002) .  Differences between l i tter size at bi rth and pasture 

al lowance were tested usi ng the mean square of pasntre al lowance with in b lock as the 

etTor term. 

Ewe l iveweight, growth rate, l i tter weight at b irth, weight of lamb weaned and l i tter 

survival were analysed using PROC M IXED (SAS, 2002). Cont inuou Iy dependent ewe 

arena test behaviours, maternal behaviour, lamb behaviours at tagging and lamb 

measurements and weights were also analysed using PROC M IXED. To help decide the 

pathways i nvolved in the d ifferences in ewe and lamb performance and ewe and lamb 

behaviour, analyses of covariance were performed and were retained in the model i f  

stat istica l ly significant at P<0.05. 

The fol lowing residual max imum l i ke l ihood model (REML) was u ed to test the fi xed 

effects of l i tter size, pasture al lowance and their i nteraction : 

Yijkt = J.l + B i + Pj + Lk + PLjk + BPij + /lXijkt + eijkt 

where Yijkl = the response of the th animal of the k1h l i tter size of the/h pasture 

al lowance i n  the /h block, 

J.l = general mean, 

Bi = random effect of the i'h block ( i  = Pine block or Caravan block), 

Pj = fi xed effect of the/h pasture al lowance U=2, 4, 6 or 8cm sward height) in 

late pregnancy, 

Lk = fixed effect of the k1h l iner size at b irth (k= twin or trip let), 

PLjk = fixed interaction effect of pasture al lowancej and l i tter ize at b irth k, 
BPij = random in teraction effect of pasture al lowance j and b lock i (main plot 

error), 

Xijk = covariate tested (e.g. day of bi rth, ewe age, l i ve weight, condi t ion score), 

fl= regression of Y on the covariate tested (e.g. day of b irth), 

eijkt = i s  the random residual effect unique to Yijkt. 
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Resu lts are given as least square means and thei r standard errors. Multiple comparisons 

between least squares means for twin and tri plet l i tters, sward height pasture a l lowance 

and combi nations between these fi xed effects were pe1formed. 

PROC CATMOD (SAS, 2002) was used to analyse categorical dependent behaviour 

trai ts ( i .e. 0 = did not stand, I = did stand) and lamb survi val at tagging and weaning (0= 

dead and I = al i ve). Weighted least square est imates for the fixed effects of l iner s ize a 

bi rth (twin or tri plet) , pasture al lowance (2,  4, 6 or 8cm sward height) and the 

in teraction between pasture al lowance and l i tter s ize were deri ved by Chi -squared 

procedures (X\ The CONTRAST statement was used to determine i f  di fferences i n  

fi xed effects were significant at P<0.05. 

The UFETEST procedure was used to compute and plot the distri bution estimate of 

post-tagging t ime behaviours for twin and trip let lamb on 2, 4, 6 and 8cm sward 

heights. Post-tagging behaviours uch as ewe-lamb contact time, t ime for lamb to stand, 

locate the udder, suckle and fol low i ts moving dam were analysed using PROC 

LIFETEST (SAS, 2002). These behaviour observations are right-censored due to the 

term ination of the experiment ( i .e. five m i nutes after tagging). Thi analys is  procedure 

correctly uses the censored observations as wel l as the non-censored. The UFETEST 

procedure generates a survival distri bution function (SDF) and is used in this case to 

describe the post-taggi ng behaviour times. The SDF evaluated at t ( i .e. 5 mi nutes) is the 

probabi l i ty that a lamb from a specified sward height and l i tter size wi l l  have a 

'behaviour' t ime exceeding t, that is; 

S(t) = Pr(T>t ) 

where S(t) denotes the survi val distri bution function and T is the behaviour t ime of a 

randomly selected lamb. The cumu lat ive distri buti ve functions for each of the post­

tagging behaviour traits are graphica l ly plotted and are defined as 1 -S(t), that i s  the 

probabi l ity that a behaviour t ime does not exceed t ime (t) ( i .e. 5 mi nutes) .  To determine 

whether the curves plotted are homogenous across sward heights (P>0.05 ), PROC 

LI FETEST provides two rank tests ( log-rank and Wi lcoxon). The Wi lcoxon test places 

more weight on early times and the log-rank test places more weight on larger times. 

The association between covariates and the behaviour t ime variable were i nvestigated 

using the Wi lcoxon Test and reported i f  s ignificant at P<0.05. The covariate tests are 
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pooled across sward height treatments and i t  i s  not possible to calculate the directional 

effect the covari ate is having on the dependent variable. 

Pearson correlation coefficients ( r) were computed using SAS (PROC CORR) for 

conti nuously i ndependent ewe and lamb behaviour and production trai ts and were 

reported i f  s ignificant at P<O. I 0. 

9.4 Results 

9 .4. 1 Arena Test Behaviour 

The ewes had been on the d i fferent feed treatment for a month at the t ime arena te t 

were performed, however pasture al lowance and foetal number did not ign i ficant ly 

affect ewe behav iour i n  the arena test for the majori ty of traits measured (Table 9.3, 

9.4). Ewes grazing the 6cm pasture sward height remained closer to the person and 

group sheep (mean distance = 1 6  ± 0.92 ) than ewes grazing lower pasture sward height 

(20 ± 0.92) (P=0.05 ). Ewes carrying twin tended to spend more t ime in Zone 4 

(proportion of t ime: 0.42 ± 0.03 ) compared to ewes carrying triplets (0.35 ± 0.03) 

(P=O. I 0) and day of arena test had a s ign ificant effect on this trai t ( 13=-0.048 ± 0.02, 

P<0.05) .  A greater proportion of ewes grazing the 8cm pasture sward height entered 

Zone 2 compared to ewes grazing lower pasture covers (P=O. l l ). 

The total di stance travel led by ewes was imi lar regardle of pasture al lowance and 

foetal number. Whether the test was performed in the morning or afternoon sign ificant ly  

affected total d istance trave l led wi th ewes tested i n  the afternoon trave l l i ng an 

addi tional 5 metres on average. 
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Table 9.3 The effect of pasture allowance and foetal number on movement within the 

arena (least squares mean :t standard error). Means within pasture sward height and 
within litter size having different letter superscripts are different (P<0. /0). 

Trait 2cm 4cm 6cm 8cm 
Total d istance Twin 68 ± 9.7 62 ± 8.5 75 ± 8. 1 7 1  ± 7.6 
travelled ( m) Triplet 75 ± 1 0.3 73 ± 8.7 60 ± 9.4 58 ± 7.6 

Mean distance Twin 1 8  ± 1 .2 a§ 20 ± 1 .2"* 1 6 ± 1 . 1 �* 1 8  ± 1 .2 a§ 

Triplet 1 8 ± 1 .3 20 ± 1 .2 a§ 1 7  ± 1 .3 �§ 1 8  ± 1 .2 

Min imum distance Twin 1 1  ± 1 .3 1 2  ± 1 .4 a§ 9 ± 1 .3 �§ 9 ± 1 .3 �* 

Triplet 1 1  ± 1 .5 1 1  ± 1 .4 1 0  ± 1 .5 1 1  ± 1 .4 

Max imum distance Twi n 32 ± 1 .02 a* 30 ± 1 . 1  29 ± 1 .0 �* 3 1  ± 1 .0 
Triplet 30 ± 1 .2 30 ± 1 . 1  29 ± 1 .2 30 ± 1 . 1  

Sheep to enter Zone 2 Twin 0. 1 7  ± 0.079 0. 1 4  ± 0.073 a§ 0. 1 8 ± 0.082 �§ 0.36 ± 0. 1 03 . 
( proport ion) Triplet 0. 1 6  ± 0.074 o.:n ± 0. 1 01 0. 1 8  ± 0.092 0.26 ± 0. 1 0 1  

Time to Zone 2 ( mins)  Twin �§ 2 .3 ± 0.69 . 1 . 1  ± 0.90 0.5 ± 0.69 a§ 3.3 ± 0.55 �* 
Triplet 1 .4 ± 0.90 2.3 ± 0.59 2 .6 ± 0.90 �* 2 .5 ± 0.70 

Time to Zone 3 ( mins )  Twi n 0.8 ± 0.24 1 . 2 ± 0.27 0.7 ± 0.23 0.8 ± 0.25 
Triplet 1 .0 ± 0.27 0.9 ± 0.26 0.7 ± 0.26 1 .2 ± 0.24 

Time in Zone 2 Twin 0.08 ± 0.042 0.02 ± 0.043 0. 1 0  ± 0.04 l a§ 0. 1 0 ±  0.042 
( proport ion ) Triplet 0.05 ± 0.044 0.05 ± 0.044 0.06 ± 0.046 �§ 0.08 ± 0.043 

Time in Zone 3 Twi n 0.44 ± 0.079 0.40 ± 0.082 0.55 ± 0.079 0.40 ± 0.08 1 
( proportion) Triplet 0.50 ± 0.084 0.44 ± 0.083 0.54 ± 0.087 0.5 1 ± 0.082 

Time in Zone 4 Twi n 0.40 ± 0.06 1 0.53 ± 0.063 a* 0.34 ± 0.06 1 �* 0.4 1 ± 0.062 
( proport ion ) Triplet 0.29 ± 0.065 0.43 ± 0.064 0.39 ± 0.069 0.30 ± 0.063 

Time i n  Zone 5 Twin 0.06 ± 0.022 0.07 ± 0.023 0.04 ± 0.022 0.05 ± 0.022 
( pro port ion ) Triplet 0.07 ± 0.024 0. 1 0 ± 0.023 a§ 0.04 ± 0.025 �§ 0.09 ± 0.023 

No superscript = not signi ficant ( P>O. l 0); § P<O. l 0; * P<0.05. 

The proportion of ewes that high-pitch bleated duri ng the arena test s ignificantly 

di ffered between ewes on di fferent pasture al lowances in late pregnancy (P<O.O I )  with a 

greater number of ewes graz ing the 8cm sward height h igh-pi tch bleating during the 

arena test than ewes on lower pasture al lowances. Foetal number and the i nteraction 

between foetal number and pasture al lowance were not significant across al l ewes 

(P>0.05) (Table 9.4). Ewes on 8cm sward heights high bleated 7 ± 2 .5 ti mes compared 

to 2 ± 2 .5 ti mes by ewes on 4cm sward heights (P=O. I 0), however high-pi tch bleating 

frequency was si mi lar between ewes on al l pasture sward heights. High pi tch bleating 

was sign i ficantly affected by the day of the arena test (�=-0.36 ± 0. 1 56, P<0.05 ). 

1 64 



Chapter 9 

Nearly al l ewes low-pi tch bleated duri ng the arena test (Table 9.4). Condition score at 

pregnancy scanning had a significant effect on low-pitch bleat ing frequency (�=3.4 1 ± 

1 .5 1 8 , P<0.05 ) where ewes with higher body condi tion scores at mat ing low bleated 

more i n  the arena test. 

Pasture al lowance did significant ly affect proportion of ewes that uri nated duri ng the 

arena test (P<0.05), however l i tter s ize and the i nteraction between the main effects 

were both not s ignificant (P>0.05) (Table 9.4). 

Table 9.4 The effect ofpasture allowance and foetal number on social behaviour within 

the arena (least squares mean I standard error). Means across pasture sward heights 
and across litter size having different letter superscripts are different (P<0. /0). 

Trait 2cm 4cm 6cm 8cm 
Sniffed Group sheep Twin 0.08 ± 0.056 0.09 ± 0.06 1 0.20 ± 0.08" 0. 1 3  ± 0.070 
(proportion) Triplet 0. 1 0  ± 0.067 0. 1 9  ± 0.086 0.06 ± 0.054 h§ 0. 1 4  ± 0.073 

Time to sn iff Group Twin 3.2 ± 1 .28 1 . 1  ± 1 . 28 1 .8 ± 0.8 1 3.4 ± 1 .04 
Triplet I ± 1 .28 1 .6 ± 1 .04 0.9 ± 1 .8 1  2 .2  ± 1 .04 

Sheep to high-pitch Twin 0.37 ± 0.099 0. 1 8 ± 0.082 "* 0.44 ± 0.099 0.52 ± 0. 1 04 b* 
bleat ( proportion ) Triplet 0.35 ± 0. 1 07 "* 0.29 ± 0.099 "* 0.33 ± 0. 1 1 I "* 0.64 ± 0. 1 03 h* 

H igh bleat tal ly  Twin 6 ± 2.9 2 ± 2.9 7 ± 2.8 6 ± 2.9 
Triplet 8 ± 2 .9 a§ 2 ± 2.9 h§ 2 ± 3. 1 h§ 8 ± 2.9 "§ 

Low bleat tal ly  Twin 6 ±  1 .9 8 ± 2.0 7 ± 1 .9 I 0 ± 1 .9 
Triplet 8 ± 2. 1  1 2 ± 2 .0 "* 5 ± 2 .2 h* 7 ± 2.0 

Sheep that urinated Twin 0.54 ± 0. 1 02 0.73 ± 0.095 0.64 ± 0.096 0.65 ± 0.099 
( proportion) Triplet 0.40 ± 0. 1 09 "* 0. 76 ± 0.09 h* 0.67 ± 0. 1 I I h§ 0.50 ± 0. 1 07 "* 

Sheep that defecated Twin 0.25 ± 0.085 0.32 ± 0.099 0. 1 2 ± 0.065 "* 0.26 ± 0.092 
( proportion ) Triplet 0.20 ± 0.089 0.29 ± 0.098 0.44 ± 0. 1 I h* 0.23 ± 0.089 

Defecation tal l y  Twin 0.3 ± 0. 1 3  0.3 ± 0. 1 4 0. 1 ± 0. 1 3  "* 0.3 ± 0. 1 3  
Triplet 0.2 ± 0. 1 4  a§ 0.3 ± 0. 1 4  0.6 ± 0. 1 4 h* 0.2 ± 0. 1 4  "* 

No superscript = not signi l�cant ( P>O. I 0); § P<O. I 0; * P<O.OS. 

9.4.2 Maternal Behaviour 

Maternal behaviour core was s imi lar between ewes on differi ng pasture al lowances 

(Figure 9.3, Table 9.5) .  Ewe high-pi tch bleat ing frequency had a s ignificant effect on 

MBS (�=-0.08 ± 0.009, P<O.OOO I ), the ewe with lower MBS high bleated more t imes 

in the five mi nute ob ervation period fol lowi ng tagging (Table 9.8) .  A greater 

proportion of ewes grazing the 8cm sward height stayed with their l i tter after tagging 

compared with ewes on the 2cm pasture sward height (P=0.07) (Figure 9.4, Table 9.5) .  
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Ewes with trip let l i tters on the 2cm pasture sward height were farthest from their l i tter at 

the end of the fi ve minute observation period compared to ewes on higher pasture 

al lowances and ewes with twi n l i tters on the 2cm sward height (Table 9.5 ) .  

Figure 9.3 The effect of pasture allowance on MBS (least squares mean I standard 
error). 
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Figure 9.4 The effect of pasture allowance on proportion of ewes that stayed at the 

tagging site after tagging (least squares mean I standard error). 
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Ewes with tri plet l i tters high bleated significant ly more post-tagging (8 ± 1 . 1 5 b leats ) 

compared to ewes wi th twi n l i tters (5 ± 1 .06 bleats ) (P<0.05 ) (Table 9.5 ) .  High p i tch 

bleating frequency was s imi lar for ewes grazing a l l  pasture sward heights ( P>0.05 ) 

(Table 9.5 ) and there was no significant i nteraction between feedi ng level up to tagging 
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and l i tter size at birth ( P>0.05 ). The proportion of t ime spent i n  Zone 5 duri ng the arena 

test had a significant effect on high bleating frequency after tagging (�= 1 3 . 1 7  ± 6.2 1 1 ,  

P<0.05; r=0.20, P<0.05) where ewes that spent longer i n  Zone 5 i n  the arena te t high 

bleated more after tagging. Li tter s ize at b irth tended to i nfluence ewe low bleat 

frequency after taggi ng (P=0. 1 4) .  

Table 9.5 The effect of pasture allowance and litter size on MBS and ewe tagging 

behaviour (least squares mean .f standard error). Means across pasture sward height 
and across litter size having different letter superscripts are different ( P<0. /0). 

Trait 2cm 4cm 6cm 8cm 
MBS Twin 3.4 ± 0.25 3 .0 ± 0.26 3. 1 ± 0.25 3 .4 ± 0.26 

Triplet 2 .9 ± 0.29 2.7 ± 0.27 3.3 ± 0.29 3 . 1 ± 0.26 

Ewes that stayed Twin 0.26 ± 0.092 " *  0.45 ± 0. 1 06 0.23 ± 0.089 0.48 ± 0. 1 04 h§ 
( proportion) Triplet 0.26 ± 0. 1 0 1 0.32 ± 0. 1 07 0.35 ± 0. 1 1 6  0.42 ± 0. 1 1 3  

Ewe high bleats Twin 4 ± 2. 1 "* 6 ± 2. 1  7 ± 2. 1 2 ± 2.2 a§ 
Triplet 1 1  ± 2 .4 h* 6 ± 2.3 7 ± 2.3 7 ± 2.2 h§ 

Ewe low bleats Twin 2.6 ± 0.50 "* 1 .4 ± 0.5 1 �* 1 .2 ± 0.49 h* 1 .5 ± 0.53 
Triplet 0.7 ± 0.6 1 °* 1 .7 ± 0.59 0.8 ± 0.59 1 . 1  ± 0.58 

Maximum distance Twin 5 ± 3.6 "* 3 ± 3.6 6 ± 3.6 3 ±  3.7 
after tagging ( m) Triplet 1 6  ± 4.5 h* 0 ± 4.6 "* I ± 4.2 "* 5 ± 3.8 "* 

No superscript = not ign i ticant ( P>O. I 0); § P<O. I 0; * P<0.05. 

9 .4.3 Dam Performance 

Ewes grazing the 2cm pasture sward height were sign i ficantly  l ighter after tagging 

compared to ewes on higher pasture al lowances (P<O.O I ) . Ewes with twin and tri plet 

l i tters were si mi lar weights after tagging (P>0.05 ) (Table 9.6). Ewe l i veweight after 

tagging was significantly affected by body condit ion score at pregnancy scann ing 

(�=4.75 ± 1 .33, P<O.OO I ) . Ewe age affected l i veweight after tagging (�=5 . 1 9  ± 1 .23 1 ,  

P<O.OOO I ), where mixed age ewes were heavier (6 1 ± 0.87 kg) than 2 year old ewes (56 

± 0.93kg). Li tter weight at bi rth affected ewe l i veweight after tagging (�= 1 . 1 5  ± 0.374, 

P<O.O I )  where heavier ewes gave birth to heavier l i tters. 

Pasture al lowance up to weaning (4cm versus 8cm sward height) had a significant effect 

on ewe weight at weani ng (�=0.52 ± 0.255, P<0.05) .  Ewes on the higher feed a l lowance 

were 2kg heavier (4cm sward height 62 ± 0.73 kg; 8cm sward height 64 ± 0.75kg). 

Ewes grazi ng the 6cm pasture sward height i n  late pregnancy and with triplet l itters at 
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birth, were significantly heavier at weani ng than ewes with triplet l i tters grazi ng the 

4cm pasture al lowance ( P<0.05 ) (Table 9.6) .  Litter weight at birth (�=0.67 ± 0.339, 

P<0.05) ,  ewe age (�=4.72 ± 1 . 1 49, P<O.OOO I )  and condition score at pregnancy 

scann ing (�=4.0 I ± 1 .338, P<O.O I )  a l l  had a s ign i ficant effect on ewe weight at 

weani ng. 

Ewes on the 2cm pasture al lowance in late pregnancy gai ned significantly more weight 

from lamb tagging to weani ng than ewes on higher pasture al lowances over the same 

period (Table 9.6). Pasture al lowance from tagging to weani ng also had a signi ficant 

effect on ewe weight gai n (�=9. 1 9  ± 2.924, P<O.O I ) . Ewes on the 8cm pasture 

al lowance gained twice as much weight (68 ± 1 3 .2 g/day) than ewes on the 4cm pasture 

al lowance (32 ± 1 3 .5 g/day) .  

Table 9.6 The effect of pasture allowance and litter size at  birth on ewe liveweight and 

growth (least squares mean :t standard error). Means within pasture sward height and 
within litter size having different letter superscripts are different (P<0. /0). 

Trait 2cm 4cm 6cm 8cm 
Ewe weight at tagging ( kg)  Twin 52 ± 1 .8 "* 63 ± 1 .6 h* 60 ± 1 .6 h* 63 ± 1 .6 h* 

Triplet 50 ± 1 .8 a* 60 ± 1 .8 h* 62 ± 1 .8 h* 60 ± 1 .8 h* 

Ewe weight at wean ing ( kg)  Twin 59 ± 1 .6 a* 65 ± 1 .4 h* 65 ± 1 .3 h* 64 ± 1 .4 h* 
Triplet 60 ± 1 .6 a* 62 ± 1 .5 66 ± 1 .5 h* 64 ± 1 .5 h§ 

Ewe weight gain (grams/day) Twin 1 06 ± 20.7 a* 38 ± 1 8. 1  h* 53 ± 1 8.2 h* 23 ± 1 8.5 h* 
Triplet 1 20 ± 23 . 1  a* 1 4 ± 1 9.3 h* 1 7  ± 20.2 a* 29 ± 1 9.3 a* 

No superscript = not sign i ficant ( P>O. l 0); § P<O. l 0; * P<0.05 . 

Ewe lamb reari ng petformance i s  presented i n  Table 9.7. Litter weight was signi ficant ly 

l ighter for ewes grazing the 2cm sward height (9 .2 ± 0.30 kg) i n  late pregnancy 

compared to ewes grazing the 8cm ( I  0.6 ± 0.30 kg) sward height (P<0.05 ) .  Trip let 

l i tters weighed sign ificantly more at taggi ng than twin l i tters regardless of pasture 

al lowance i n  late pregnancy (twins 9.2 ± 0.22kg; triplets I 0.8 ± 0.23kg, P<O.OOO I ) . 

Pasture al lowance i n  late pregnancy and l i tter size at birth did not significant ly affect 

weight of lamb weaned ( P>0.05) .  Dam age and pasture al lowance from tagging to 

weaning also did not affect weight of lamb weaned (P>0.05 ). Days from tagging to 

weaning sign i ficantly infl uenced weight of lamb weaned (�=0.86 ± 0.278, P<O.O I ). 
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Twi n  l i tter survi val from bi rth to tagging was s imi lar regard less of pasture a l lowance i n  

late pregnancy (Figure 9.5, Table 9.7) .  However triplet l i tter survival was s ignificant ly 

greater for ewes grazi ng the 8cm pasture sward height compared to ewes on the 2cm 

and 4cm sward heights (Figure 9.5, Table 9.7) .  Overal l  tri plet l i tter survi val (86% ± 

0.04) was lower than twi n l i tter survival (94% ± 0.04) to taggi ng (P<0.05 ) .  

Figure 9.5 The effect of litter size at birth and pasture allowance late pregnancy on ewe 

litter survival from birth to tagging (least squares mean i: standard error). 
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Pasture al lowance in late pregnancy and from tagging to weani ng did not have a 

significant effect on l i tter survival from tagging to weani ng (P>0.05 ) .  Li tter urvi val 

from tagging to wean ing was significantly higher for twi n (90% ± 0.03 ) than triplet 

l i tters (79% ± 0.03 ) (P<0.05 ). 

Pasture al lowance i n  late pregnancy did not s ignificant ly affect overa l l  l itter surv ival 

from birth to weaning (P>0.05 ) (Table 9.7). Li tter surv ival from bi rth to weani ng was 

affected by the t ime taken to enter Zone 2 in the arena test CP=0.05 ± 0.029, P=O . I I ) . 

Twin  l i tter survi val to weaning was signi ficant ly h igher than triplet l i tter survival ( twi ns 

86% ± 0.03 ; tri plets 68% ± 0.03) (P<O.OO I ) . 

Ewes giv ing bi rth to triplet l i tters on the highest pasture al lowance had sign i ficant ly 

larger l i tters at  tagging than ewes giv ing bi rth to twin l i tters ( P<0.05 ) .  Litter size at 

weaning was s imi lar despite l i tter size at birth and feedi ng level i n  l ate pregnancy 

(Table 9.7) .  
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Table 9. 7 The effect of pasture allowance and litter size on ewe lamb rearing 

performance (least squares mean :t standard error). Means across pasture sward height 
and across litter size having different letter superscripts are different (P<0. /0). 

Trait 2cm 4cm 6cm 8cm 
Litter size at tagging Twin 1 .8 ± 0. 1 3  1 .9 ± 0. 1 4  2.0 ± 0. 1 3  1 .8 ± 0. 1 3  

Triplet 2.4 ± 0. 1 4  "* 2.5 ± 0. 1 4 "* 2 .7 ± 0. 1 5  2.9 ± 0. 1 4  h* 

Litter s ize at weaning Twi n 1 .7 ± 0. 1 5  1 .8 ± 0. 1 5  1 .8 ± 0. 1 4 1 .7 ± 0. 1 5 "* 
Triplet 1 .9 ± 0. 1 6  2 .2  ± 0. 1 6  2 . 1  ± 0. 1 7  2 . 1 ± 0. 1 5 h* 

Litter surv ival Twi n 0.92 ± 0.052 "* 0.96 ± 0.054 "* 0.98 ± 0.052 0.92 ± 0.052 
birth to tagging Triplet 0.79 ± 0.056 h* 0.83 ± 0.055 h* 0.89 ± 0.058 0.96 ± 0.054 "* 

Litter surv ival Twin 0.88 ± 0.056 0.95 ± 0.058 0.90 ± 0.055 0.85 ± 0.056 
tagging to wean ing Triplet 0.78 ± 0.06 1 0.89 ± 0.059 0.77 ± 0.065 0.74 ± 0.058 

Litter surv ival Twin 0.83 ± 0.057 "* 0.9 1  ± 0.06 "* 0.88 ± 0.056 "* 0.83 ± 0.057 
birth to weaning Triplet 0.62 ± 0.06 h* 0. 73 ± 0.06 h* 0.69 ± 0.07 h* 0.70 ± 0.06 

Litter weight at birth Twin 8.6 ± 0.36 "* 9.2 ± 0.37 9.4 ± 0.35 9.7 ± 0.36 h* 
( kg) Triplet 9.7 ± 0.38 h* 1 1 .5 ± 0.37 "* I 0.5 ± 0.39 h* I 1 .6 ± 0.36 "* 

Weight of lamb Twin 44 ± 3.7 49 ± 3.8 5 1 ± 3.6 47 ± 3.8 
weaned ( kg) Triplet 43 ± 3.9 "* 55 ± 3.9 h* 50 ± 4.2 49 ± 3.8 

No superscript = not sign i ticant ( P>O. I 0); § P<O. I 0; * P<0.05. 

Prel iminary analyses did not identify any arena and maternal behaviour effects on lamb 

rearing performance. Therefore correlations were performed to determine if there were 

any relationships between ewe behaviour and lamb rearing performance. 

There were some significant correlations between ewe behaviours and lamb rearing 

performance (Table 9.8) .  The arena behaviours which showed the most promise as 

indicators for lamb rearing performance, were t ime to enter Zone 2 and t ime to sniff 

Group sheep, wi th the ewes having a lower flocking tendency having higher l i tter 

survival rates . 

MBS was not s ignificant ly correlated with lamb rearing performance (Table 9 .8) .  The 

ewe behaviours observed after tagging which showed the most promise as i ndicators for 

l i tter survi val to weaning were high bleat ing frequency and di stance of l i tter from ewe 

five minutes after tagging (Table 9.8) .  Ewes that high pi tch bleated fewer ti mes and 

remai ned close to al l of the lambs in their l i tter had higher l i tter survi val rates. 
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There were some l i tter ize speci fic correlations; ewes that took longer to enter Zone 2 

and had greater maxi mum distances i n  the arena test had heavier tri plet l i tters at tagging 

( r=0.43 and r=0. 1 8  respectively; P<O. I 0) and ewes with twin l i tters that took longer to 

sniff the group sheep in the arena test had higher MBS at tagging ( r=0.56, P<O. I 0). 

Ewes that had greater low bleat frequencies i n  the arena test had s l ight ly h igher triplet 

l i tter weights at birth and at weani ng ( r=0. 1 8  and 0. 1 9  respectively; P<O. I 0).  

Table 9.8 Correlations between ewe behaviour and performance traits across all sheep 
regardless of litter size at birth. 

MBS 
H igh bleats after tagging 

Low bleats after ta�ging 
Maximum distance from 
lamb after tagging 
Arena distance travelled 
Arena mean distance 
Arena minimum distance 
Arena max imum distance 
Time to Arena Zone 2 

Time to Arena Zone 3 
Time spent in  Arena Zone 2 
Time spent in  Arena Zone 3 
Time spent in  Arena Zone 4 
Time spent in  Arena Zone 5 
Time to sniff Group sheep 

Arena high bleats 
Arena low bleats 

MBS 

-0.54 
**** 

ns 
-0.30 
*** 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

Litter 
weight 
at birth 

ns 
ns 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

0. 1 2  § 
ns 

0. 1 4  § 
ns 

Weight 
of lamb 
weaned 

ns 
ns 

ns 
n 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
n 

ns 
ns 

Litter survival from: 
birth to I birth to I tagging to 
weaning tagging weani ng 

ns 
-0. 1 3  § 

ns 
-0. 1 2  

( P=O. U)  
ns 
ns 
ns 
ns 

0.28 § 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

n 
ns 

ns 
ns 

ns 
n 
ns 
ns 

0.24 
( P=0. 1 5 )  

ns 
ns 
n 
ns 
n 

0.35 
( P=0. 1 2 )  

ns 
ns 

ns 
ns 

ns 
-0. 1 8  * 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

ns= not stgni ne ant ( P>O. I 0); § P<O. I 0; * P<0.05 ** P<O. I 0, ***P<O.OO 1 and ****P<O.OOO 1 .  

9 .4.4 Lamb Behaviour 

Lamb behaviours were recorded for i ndividual lambs withi n a l i t ter. Pasture ward 

height al lowance up to and at lambing had a significant effect on a number of lamb 

behaviours observed i n  the fi ve-minute observation period immediately after tagging 

(Table 9.9) . 
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Table 9. 9 The effect of pasture allowance and litter size on Lamb behaviour in the five­
minute observation period immediately following tagging (weighted Least squares mean 

I standard error). Proportions across pasture sward height having different letter 
superscripts are different (P<O. 10). 

Trait 2cm 4cm 6cm 8cm 
Lambs that bleated Twin 0.90 ± 0.05 0.88 ± 0.05 "* 0.65 ± 0.07 h* 0.82 ± 0.06 
before ewe contact Triplet 0.73 ± 0.07 "* 0.83 ± 0.06 0.80 ± 0.06 0.55 ± 0.07 h* 

Lambs to make ewe Twin 0.9 1 ± 0.04 0.93 ± 0.04 0.89 ± 0.05 0.93 ± 0.03 
contact Triplet 0.63 ± 0.07 "* 0.69 ± 0.06 0.85 ± 0.05 h§ 0.87 ± 0.05 h* 

Lambs that stood Twin 0.9 1 ± 0.04 0.9 1 ± 0.04 0.89 ± 0.05 0.82 ± 0.06 
Triplet 0.63 ± 0.07 a§ 0.67 ± 0.06 0.85 ± 0.05 h§ 0.8 1 ± 0.05 

Lambs that located Twi n 0.72 ± 0.07 0.66 ± 0.07 0.64 ± 0.07 0.69 ± 0.07 
ewe udder Triplet 0.35 ± 0.07 0.35 ± 0.06 "* 0.62 ± 0.07 h§ 0.5 1 ± 0.07 

Lambs that suck Twin 0.37 ± 0.07 0.27 ± 0.07 0.27 ± 0.07 0.29 ± 0.07 
from ewe Triplet 0.20 ± 0.06 0. 1 8 ± 0.05 0. 1 9  ± 0.05 0. 1 6  ± 0.05 

Lambs that fol lowed Twin 0.77 ± 0.07 0.88 ± 0.07 0.86 ± 0.06 0.6 1 ± 0. 1 0 
moving ewe Triplet 0.49 ± 0.08 0.43 ± 0.08 0.65 ± 0.08 0.75 ± 0.08 

No superscript = not sign i ficant ( P>O. I 0); § P<O. I 0; * P<0.05. 

The proportion of lambs bleat ing after tagging before ewe contact was sign i ficant ly 

affected by pasture al lowance (P<0.05 ), l i tter size at bi tth (P<0.05 ) and the i n teraction 

between pasture al lowance and l i tter size (P<O.O I ) . Ttiplet lambs born to ewes grazing 

the 8cm pasture sward height were less l i kely to bleat before ewe contact than lambs 

born to ewes grazing lower pasture covers (Figure 9.6, Table 9.9). 

Figure 9.6 The effect of pasture allowance on proportion of lambs to bleat before ewe 
contact after tagging (standard errors included). 
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Ewe-lamb contact was s ignificantly affected by pasture al lowance (P<0.05 ), ewe l i tter 

size at bi rth (P<O.OO I )  and the in teraction between pasture al lowance and l i tter size 

(P<O.OO I )  (Table 9.9, Figure 9.7) .  The proportion of ewes to make contact with twin 

lambs was s imi lar regard less of pasture al lowance. However fewer ewes with triplet 

l i tters made lamb contact if grazing lower pasture sward heights. 

Figure 9. 7 The effect of pasture allowance on proportion of ewes to make Lamb contact 
after tagging (standard errors included). 
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The proportion of lambs that stood in the 5-minute observation period immediately  

fol lowi ng taggi ng were not signi ficant l y  affected by pasture al lowance ( P>0.05), 

however this lamb behaviour was affected by lamb l i tter size at bi rth (P<O.OO I )  and the 

interaction between pasture al lowance and l i tter size (P<0.05) .  Fewer triplet born lambs 

stood at lower pasture sward heights and were s ignificant ly di fferent to the proportion 

of twi n lambs that tood (P<0.05 ) (Table 9.9, Figure 9.8) .  
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Figure 9.8 The effect of pasture allowance on proportion of lambs to stand in the five­
minute observation period immediately after taRRinR (standard errors included). 
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A lamb' s abi l i ty to locate its dam' s  udder after tagging was signi ficantly affected by the 

i nteraction between pasture al lowance and l i tter s ize (P<0.05) .  The effect of l itter size 

was significant (P<O.OOO I )  and pasture al lowance was not (P>0.05). As pasture 

al lowance i ncreased the number of triplet lambs to locate their dam ' s  udder i ncreased 

(Figure 9.9, Table 9.9) . Fewer triplet lambs sucked from their dam after tagging 

compared to twin lambs (P<O.O I ) . Pasture al lowance did not s ignificantly effect the 

proportion of lambs to suck from their dams (P>0.05) (Table 9.9 ). 

Figure 9. 9 The effect of pasture allowance on the proportion of lambs to locate their 
dam 's udder in the 

f
ive-minute observation period immediately after tagging (standard 

errors included). 
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The proportion of lambs to fol low thei r moving dam wa significant ly affected by l i tter 

size and the in teraction between the mai n effects (P<O.OO I )  (Table 9.9, Figure 9. 1 0). 

The proport ion of triplet lambs that fol lowed their moving dam i ncreased as pasture 

al lowance i ncreased (P<O.O I ) . Fewer tri plet born lambs fol lowed thei r moving dam 

compared to twi n born lambs at al l sward heights except the highe t (8cm sward height 

twins and tri plets sim i lar). 

Figure 9. 10 The effect of pasture allowance on the proportion of lambs to follow their 
moving dam after tagging (standard errors included). 
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Times re lated to behaviour after tagging were analysed using the Lifetest procedure and 

the comparison of cumulat ive distributions for 2, 4, 6 and 8cm sward heights are 

reported separate ly  for twins and ttip let i n  Table 9. 1 0. Triplet lamb behaviour di ffered 

ignificant ly across sward heights for the majority of t ime related trai ts, whereas twin 

behaviour was simi lar (Table 9. 1 0) .  Lamb birth weight was not signi ficantly related to 

twin and tri plet lamb po t-tagging behaviour times (P>0.05 ) .  

Approximate ly eighty percent of a l l  twin lamb made ewe contact i n  one minute and did 

not di ffer significant ly across pa ture sward height (Figure 9.7a, Table 9. 1 0). 

Approximately 50% of tri plet lambs made ewe contact i n  one mi nute and thi  did di ffer 

across pasture sward height (P<0.05) (Figure 9.7b, Table 9. 1 0). M BS, high ewe bleats 

and day of taggi ng were a l l  re lated to ewe- lamb contact t ime for twin (P<O.OO I )  and 

tri plet lambs (P<O.OO I ) . Ewe-lamb contact t ime after tagging was quicker i f  the ewe had 

a higher M BS and high bleated fewer time . 

1 75 



Chapter 9 

Forty percent of the triplet lambs on the 2cm sward height stood i n  one minute 

compared with 65% on the 8cm sward height (Figure 9.8b), whereas 80% of twin lambs 

born on the 2cm pasture sward height had stood by the same t ime (Figure 9.8a). Factors 

sign i ficantly affect ing the t ime for twi n and triplet lambs to stand i nc luded : M BS, ewe 

high bleat frequency, whether the lamb was vocal or not and lamb age at tagging (al l 

P<O.O I ) . Younger lambs (determined by the number of hours between bi rth and 

tagging) took longer to stand ( t-=-0. 1 9 ; P<O.OO I )  and the longer the l amb took to stand 

the more its ewe high bleated ( t-0.48; P<O.OOO I ). Lambs that were quick to stand 

bleated more. 

Within 2 minutes approxi mately 40% of al l twin lambs across a l l  pasture sward heights 

had located thei r ewe's  udder ( Figure 9.9a), whereas only 20% of all trip let lambs had 

located the udder (Figure 9.9b). Ewe high bleat frequency was related to the t ime taken 

for the udder to be located by the lamb after tagging (P<O.O I ). The longer the lamb took 

to locate the ewe's udder the more the ewe high bleated (Table 9. 1 2 ). 

The distribution curves for twin lambs fol lowing their moving dam were different over 

t ime (P<0.05) (Figure 9. 1 Oa, Table 9. 1 0). Ewe low bleating frequency was related to 

fol low t ime for twi n lambs (P<0.05 ) and not for triplets (P>0.05). There was no 

signi ficant correlation between ewe low bleat frequency and t ime for l amb to fol low its 

movi ng dam. 

Approximately 30% of al l twin lambs had sucked from their dam during the 5 mi nute 

of observation (Figure 9. 1 I a), whereas less than 20% of trip let lambs had successfu l l y  

sucked (Figure 9. 1 1  b). 

Figure 9. 7 a and 9. 7b. The effect of pasture allowance on the proportion of lambs to 
have ewe contact within five minutes from tagging. Graphs of estimated 'behaviour ' 
functions for twin lambs ( Figure 9. 7a) and for triplets (Figure 9. 7b). 
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Figure 9.8a and 9.8b. The effect of pasture allowance on the proportion of Lambs to 
stand within five minutes from tagging. Graphs of estimated 'behaviour ' functions for 
twins (Figure 9.8a) and for triplets ( Figure 9.8b ). 
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Figure 9. 9a and 9. 9b. The e
f
fect of pasture allowance on the proportion of Lambs to 

Locate their dam 's udder within five minutes from tagging. Graphs of estimated 
'behaviour '  functions for twin Lambs (Figure 9. 9a) and for triplets (Figure 9. 9b). 
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Figure 9. /0a and 9. /0b. The effect of pasture allowance on the proportion of Lambs to 
follow their moving dam within five minutes from tagging. Graphs of estimated 
'behaviour ' functions for twin lambs (Figure 9. /0a) and for triplets (Figure 9. /0b). 
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suckle within five minutes from tagging. Graphs of estimated behaviour functions for 
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Table 9. 10 The effect of pasture allowance (sward height) on lamb behaviour times 

after tagging for twins and triplets ( Wilcoxon mean r standard error). Times are 
presented as minutes. 

Trait Litter 2cm 4cm 6cm 8cm p p 
size Wi lcoxon Log-Rank 

Ewe- Twin 0.7 ± 0. 1 6  0.6 ± 0.07 0.6 ± 0. 1 2  0.4 ± 0.04 ns ns 
lamb Figure 9.7a 
contact Triplet 0.6 ± 0. 1 2 1 .2 ± 0. 1 9  1 .0 ± 0. 1 8 0.9 ± 0. 1 6  * *** 

Figure 9.7b 

Lamb Twin 0.5 ± 0.09 0.5 ± 0.09 0.7 ± 0. 1 3  0.4 ± 0. 1 1  ns ns 
to Figure 9.8a 
stand Triplet 0.6 ± 0. 1 1 I ± 0. 1 6  0.8 ± 0. 1 4  0.9 ± 0. 1 8  § * 

Figure 9.8b 

Lamb Twin 1 .9 ± 0.22 1 .9 ± 0.24 2.4 ± 0.27 1 . 7 ± 0.23 ns ns 
locate Figure 9.9a 
udder Triplet 2.3 ± 0.29 2 .4 ± 0.30 2.3 ± 0.25 2.3 ± 0.28 ** **  

Figure 9.9b 

Follow Twin 2 .0 ± 0.20 1 .8 ± 0.20 1 .9 ± 0.2 1 2.4 ± 0.33 * * 
dam Figure 9. 1 0a 

Triplet 2.2 ± 0.22 1 .8 ± 0.24 2.6 ± 0.29 2.8 ± 0.27 ns § 
Figure 9. 1 0b 

Lamb Twin 2.5 ± 0.24 2 .8 ± 0.33 3.0 ± 0.39 2.5 ± 0.39 ns ns 
to Figure 9. 1 1 a 
suckle Triplet 2.2 ± 0.42 2.8 ± 0.34 2.8 ± 0.45 3.7 ± 0.37 ns ns 

Fioure 9. 1 1  b 
ns=not signi ticant at P<O. I 0. § P<O. I 0. * P<0.05, ** P<O.O I , *** P<O.OO I and **** P<O.OOO I 

Lambs that bleated after taggi ng were closer to their dam ( 1 .2 ± 0.85m) at the end of the 

fi ve-minute observation period than lambs that did not bleat (6.3 ± 1 .44m)  (�=-5. 1 1 ± 

1 .536, P<O.O I ). Other factors sign i ficantly affecting lamb-dam distance 5 mi nutes after 

tagging i ncluded ewe high bleat frequency (�=0.6 1 ± 0.078, P<O.OOO I ), t ime of day 

lambs were ear-tagged (�= 1 . 1  I ± 0.44, P<O.O I )  and Iamb age at tagging (�=0.24 ± 
0.097, P<0.05 ). Pasture al lowance did not s ign i ficantly affect twin lamb distance from 

its dam 5 minutes after tagging (twins 4.7 ± 1 . 1 2m ). However tri plet lambs born to ewes 

on the 2cm pasture sward height were further from thei r dam (8 ± 2 . 1 m) than tri plets 

born to ewes al located higher pasture al lowances ( triplets 2.9 ± 1 .08m) (P<0.05) .  

9 .4 .5 Lamb Performance 

Pasture al lowance in late pregnancy did not s ignificant ly affect lamb bi rth weight (Table 

9 . I  I ) . The i nteraction between pa tu re al lowance and l i tter size at bi 11h significant ly 

affected lamb birth weight (P<0.05) .  Individual twin lambs (4.5 ± 0.06kg) were heavier 

than trip let lambs (3.7 ± 0.06kg) (P<O.OOO I ) . 
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Table 9. 1 1  The effect of pasture allowance and litter size on individual lamb 

performance (least squares mean i: standard error). Means across pasture sward height 
having different letter superscripts are different ( P<O. / 0 ). 

Trait 2cm 4cm 6cm 8cm 
Birth weight ( kg) Twin 4.5 ± 0. 1 3  4.4 ± 0. 1 2  a§ 4.7 ± 0. 1 2 h§ 4.6 ± 0. 1 2  

Triplet 3 .7 ± 0. 1 3  3.8 ± 0. 1 1  a§ 3.5 ± 0. 1 2  h§ 3.9 ± 0. 1 1  a§ 

Weaning weight ( kg) Twin 26 ± 0.83 a§ 26.2 ± 0.6 1 a§ 27.9 ± 0.68 b§ 26.6 ± 0.68 
Triplet 25.5 ± 0.88 26 ± 0.68 25.2 ± 0.69 25 ± 0.68 

Growth rate to Twin 25 1 ± 9.6 25 1 ± 7.2 a§ 270 ± 7.8 b§ 257 ± 7.94 
weaning ( grams/day) Triplet 246 ± 1 0. 1  25 1 ± 8. 1 240 ± 8.2 a* 240 ± 8. 1 

No superscript = not sign i ficant ( P>O. I 0); § P<O. I 0; * P<0.05. 

Ewe pasture allowance from pregnancy scann ing to tagging did not s ignificantly  affect 

lamb survi val across a l l  lambs over the same period (P>0.05) .  Twi n  lamb survival was 

higher than for triplets (P<O.O I )  and the in teraction between pasture al lowance and l i tter 

size at bi rth was s ignificant at P<O. I 0. Twin  and triplet lamb survival were not 

significant ly different at the 8cm sward height and triplet lamb survival was lowest for 

lambs born to ewes al located the 2cm pasture al lowance and i ncreased as pasture 

al lowance i ncreased (Figure 9. 1 2) .  

Figure 9. 12 The effect of pasture allowance and litter size at birth on Lamb survival at 
tagging (standard errors included). 
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Ewe pasture allowance from pregnancy scanning to tagging (2, 4, 6 and 8cm sward 

height) and from tagging to weaning (4 and 8cm sward height) did not significant ly 

affect lamb weaning weight and growth rate to weani ng (P>0.05 ) (Table 9. 1 1  ) .  Twi n  

I 

1 79 



Chapter 9 

lambs were heavier at weaning and grew faster (26.7 ± 0.36 kg and 257 ± 4.2 g/day) 

than triplet lambs (25.4 ± 0.37 kg and 244 ± 4.36 g/day) (P<0.05 ). 

Factors significant ly infl uencing lamb weaning weight and growth rate to weani ng 

i ncluded: ewe weight change over the same period and respective ly)  where ewes that 

gai ned more weight produced lambs with lower wean ing weights (�=-0.0 1 ± 0.004, 

P<O.O I ;  r=-0.27, P.OO I )  and growth rates (�=-0. 1 5  ± 0.044, P<O.OO I ;  r=-0.2 1 ; 

P<O.OO I ) . Lamb bi rth weight signi ficant ly affects weaning weight (�=2.39 ± 0.295, 

P<O.OOO I )  and growth rate (�= 1 5 .73 ± 3 .322, P<O.OOO I ). Days from tagging to weani ng 

sign i ficant ly  affected lamb wean ing weight (�=0.29 ± 0.049, P<O.OOO I ). 

Ti me to ewe-lamb contact after tagging s ignificantly affected lamb growth rate to 

weani ng (�=- I 0. 1 ± 4.474, P<0.05) .  Lambs grew at a slower rate to weaning if thei r 

dam took longer to make contact after tagging. Time for lamb to stand after tagging 

sign i ficantly affected lamb growth rate (�=9.34 ± 4.559, P<0.05 ). Lambs that were 

slower to stand after tagging grew faster to weaning. 

Correlations were also performed to detennine if  there were any relationships between 

ewe and lamb behaviours and i ndi vidual lamb performance (Table 9. 1 2 ). Lambs born to 

ewes with higher M B S  at tagging had quicker ewe-lamb contact ti mes, stood and 

located the udder sooner and were signi ficant ly closer to their dams 5 minutes after 

taggi ng than lambs born to ewes with low M BS (Table 9. 1 2) .  The longer it took for 

ewe-lamb contact, the longer i t  took for the lamb to stand, locate the udder and suck .  

The ewe also high bleated a greater number of times. Ewe h igh bleat frequency 

i ncreased the greater the distance from thei r lamb five minutes after tagging (Table 

9. 1 2) .  

Table 9. 12 Correlations between lamb behaviour and petformance traits across all 
litter si;:.es at birth. 

Time for Time to Time to Time to Time to Distance 
ewe contact stand locate udder suckle follow from ewe 

B irth wei ght -0. 1 3  * ns -0. 1 5  * ns -0.22 ** ns 
Body length -0. 1 1 * ns -0. 1 5 * -0.23 * -0.20 ** ns 
Wean ing Weight -0.09 § ns ns ns ns ns 
Growth Rate -0. 1 4  * ns ns ns ns ns 
Ewe high bleats 0.74 **** 0.48 **** 0.3 1 **** 0.26 * ns 0.38 **** 
MBS -0.50 **** -0.23 **** -0. 1 8 ** ns ns -o.:n **** 
ns= not signiticant ( P>O. I O) ;  s P<O. I 0; * P<0.05 ** P<O. I 0 ,  ***P<O.OO I and ****P<O.OOO I .  
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There were some signi ficant correlat ions adjusted by l i tter size. Twi n lamb with lower 

birth weights took longer to make lamb-ewe contact (r=-0. 1 3 ; P<O. I 0) after tagging. 

Twin  lambs that were l ighter also took longer to uckle from their dam after tagging 

(r=-0.22; P<O. I 0 and r=-0.34; P<0.05 respectively). Twin  lambs that took longer to 

stand after tagging had higher weani ng weights and growth rates ( r=0.30 and r=0.28; 

P<O.OO I ). Twin lambs that were quicker to fol low their moving dam had higher 

weani ng weights (r=-0.2 1 ;  P<0.05) .  Ewe high bleating frequency after tagging was not 

signi ficant ly correlated wi th t ime to uckle for triplet lambs (P>0.05 ) .  

9.5 Discussion 

Pasture al lowance in late pregnancy and at lambing affected ewe and lamb performance 

and behaviour. Ewe with triplet l i tters were most affected. Twin  l i tter weight at b irth 

was s imi lar for ewe grazi ng 2, 4 and 6 cm sward heights. However improvements i n  

triplet l i tter weight at b irth, weight o f  lamb weaned, l i tter survival to taggi ng and 

weani ng were ob erved with i ncreasing pasture al lowance. Triplet l amb and l i tter 

survival to taggi ng i ncreased by 1 5% from the lowest pasture al lowance to the highest. 

Dam age and feeding level up to weani ng did not affect the majori ty of ewe behaviour 

and performance trai ts . 

S imi lar production benefits have been rep01ted elsewhere. When mul tip le bearing ewes 

were offered addi tional feed in late pregnancy to i ncrease l i veweight, lamb morta l i ty 

was reduced for si ngle and twin born lambs (Scales et al., 1 986). Scales and eo-workers 

reported that a I Okg i ncrease in ewe li veweight duri ng the l ast 6 weeks of pregnancy 

resu l ted in a birth weight i ncrease of 0.46kg in si ngle and 0.52kg in twi n lamb (Scale 

et al., 1 986) .  Moore et al. ( 1 986) reported that lamb born from high al lowance ewes 

had higher rectal temperatures at bitth than those born from low al lowance ewes 

i ndicat ing the lamb poorly fed in utero tend to achieve high metabol ic rates more 

s lowly than tho e which receive a good nutrient supply (McCutcheon et al., 1 98 1  ) .  

Moore and eo-workers ( 1 986) also observed that an i ncrea e i n  lamb bi rth weight wa 

associated with i ncreasing lamb v igour, but an i ncrea e in lamb b irth weight was 

associated with i ncreasing rectal temperature only for male lambs. 
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the flock and the ewe ' s  'dri ve' to be with the flock, the ewe wi l l  stay clo e to her l i tter 

or desert them in favour for the flock (Figure 9. 1 3 ) .  

Figure 9. 13 Behaviour conflicts for the dam when her litter is being ear-tagged ( where 
D= Dam, Ll ,  L2 and L3 =Dam 's Litter, L= Flock Lamb, E=Flock Ewe). 

"SHEPHERDS" 

� "DAM" _/ 

�/CJ---
"LllTER" 

"FLOCK" 

Ewe feeding level d id not affect MBS in this study. However ewes on higher pasture 

al lowances were more l i ke ly to stay wi th their l i tter at the tagging s i te during the 5-

mi nute observation period after tagging. Ewes with triplet l i tters on the 2cm sward 

height were on average a greater distance from their l i tter fi ve minute after tagging and 

high pitch bleated s ignificant ly  more. These ewe were les l i ke ly to make contact wi th 

their lamb fi ve mi nutes after tagging. Putu et al. ( 1 988a) observed that nutrit ion duri ng 

late pregnancy did not affect lamb desertion in  si ngle bearing ewes, but i n  the twin 

beari ng ewes the low level of nutrit ion resulted in a higher proportion of permanent 

desertions of at least one of their twi n lambs ( 1 9.2%) compared with ewes on a high 

level of nutri tion (4.3%) .  

In humans, early maternal depri vation may be associated with social and educational 

retardation (Smith et al. , 1 966). The maternal environment in utero and at b irth affected 

bi 1th weights and lamb survi val to tagging but did not conti nue to impair lamb 

performance to wean ing as lamb growth and weaning weights were simi lar between 

twins and triplets and between feeding levels. Napol i tano et al. ( 1 995) ob erved the 

average dai ly weight gai n was lower i n  lambs that had been separated earl ier from the 

ewe. Thi s  study showed that lambs that were slower to stand after tagging grew faster. 

Lambs grew an additional I 0 grams per day for every minute they tayed ly ing down 

after tagging. Lambs that had quick ewe contact after tagging grew faster to weani ng.  

Ewes that stay c lose to thei r l i tter during tagging and do not return to the flock are quick 

1 83 



Chapter 9 

to make contact with thei r lambs. These ewes are more attenti ve to thei r lambs and this 

may explain why thei r lambs grow faster. A lamb that takes longer to stand after tagging 

i s  not as eas i ly stressed as a lamb that stands quickly and flees. These 'content' lambs 

have faster growth rates to weaning. Murphy et al. ( 1 994b) reported that animals of 

quiet temperament grow faster and are better producers than animals that are rest less, 

nervous or aggressive. O'Connor ( 1 996) suggested that the ewe-lamb relationship may 

be weaker for ewes and lambs that maintai n close contact as the lamb ages, alternati vel y  

lambs may stay closer to  ewes with lower levels o f  m i l k  production especial ly where 

there i s  competition for mi lk  from l i ttermates. The i nteraction between the ewe and her 

lamb i n fluences neonatal behaviour and changes with ti me ( Lawrence and O'Connor, 

1 992) .  

Desertion may resul t  from the confl ict between flocki ng behaviour and the i solation 

associated with maternal behaviour (K i lgour and Szantar-Coddi ngton, 1 995). The arena 

test was used to ident ify behaviour di fferences and predict flocking and maternal 

behaviour in the ewe treatments. Behaviour in late pregnancy, in particular total 

distance travel led, was sim i lar regard less of pasture al lowance at this time. The most 

notable arena behaviour was that high-pi tch bleat ing was more prevalent in ewes wi th 

tri plets grazing the highest pasture al lowance. This  was d i fficul t  to explain as increased 

bleati ng has been l i nked to lower l i tter survival rates ( Ki lgour, 1 998) and Dwyer et al. 

( 1 998b) suggested that high-pitched b leat ing is affected by ewe breed and may reflect 

the l i ke l ihood of separation of the ewe from the lamb. However the best mothers 

according to Li ndsay et al. ( 1 990), were those that were less act ive in stressful s i tuations 

and those that bleated more often .  I t  appears that some aspects of ewe temperament in 

the arena may predict production . In particular, ewes that take longer to approach the 

group sheep and therefore show reduced flocking behaviour have higher l i tter survival 

rates and ewes that high-pitched bleated had lower M BS at tagging. 

I t  appears that lamb behaviour is more adversely affected than ewe behaviour by pasture 

al lowance from pregnancy scanning to tagging and i t  appears that triplet lambs are more 

affected than twins. These re u l ts i ndicate the importance of considering the behaviour 

of both ewes and lambs as it wou ld seem that it is not 'poor' maternal behaviour but 

i nadequate lamb behaviour that is a l imi t ing factor in tri plet lamb surv ival on the lower 

pasture al lowances. O'Connor and Lawrence ( 1 992a) also found that it is lamb 
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behaviour, not maternal behaviour that i s  the major factor l imi t ing lamb surv ival .  

Shi l l i to-Walser ( 1 978)  also appreciated the importance of effect ive lamb behaviour 

concluding that the formation of the maternal-offspring bond i n  sheep is the resu l t  of a 

rapid learn ing process influenced by the behaviour of both the ewe and the lamb. 

9.6 Implications for Industry 

The maternal environment inhibi ts the trip let lamb to a greater extent than a twin l amb 

(Chapter 3) .  Therefore ewes pregnancy scanned wi th triplets require considerably more 

attention for farmers to real i se thei r production potential : 

• Pregnancy scanning warrants adoption across the i ndustry .  I t  i s  no longer 

sufficient for ewes with "mult iple" l i tters to be identified. Ewes with tri plet 

l i tter should be identi fied and class ified as priori ty stock. This w i l l  a si t with 

management condi tions when feed supply i s  low so that ewes with tri plet 

foetuses are preferential ly fed from ewes with twins. Farmers should tri ve for 

pre and post grazing pasture covers of 2000kgDM/ha (8cm sward height) for 

triplet ing ewes. 

• Ewe-lamb separation was more prevalent when ewes were grazing low 'pasture 

covers' . When the environment and management determine poor feed condi tion 

at lambing, farmers may reconsider shepherding and tagging their lamb to 

avoid the po ibi l i ty of ewe-lamb separation. They may leave tagging unti l the 

lamb are older or adopt an a l ternat ive method of permanent lamb ident ification. 

• Increa ed bi rth weight i s  an advantage to the surv ival of triplet l amb suggesti ng 

that se lection for multiple b i rths should be accompanied by se lection for 

i ncreased birth weight. However this study shows that i ncreased lamb birth 

weight i not the contro l l i ng factor affect ing lamb behaviour. Further studies are 

requi red to i nvestigate the i nherent physiological factors of the lamb and of the 

maternal environment that effect lamb behaviour. 

• Lamb behaviour requires more attention i n  animal selection programmes. I n  

particular lamb bleati ng, t ime to stand and locate the ewe's  udder al l show 
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promise as lamb survi val i ndicators. Delayed standing fol lowing separation from 

i ts ewe at tagging, shows promise as a potential i ndicator for improved growth 

rate to wean ing. Further investigation is requi red to determi ne the heritabi l i ty of 

such trai ts . 
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Chapter 10 

Increas ing the number of l ambs born per ewe mated has been the focus for many New 

Zealand farmers for the past two decades. Fi nancial returns were expected to increase 

with i ncreasing reproducti ve rates (Geenty, 1 997) .  However A mer et al. ( 1 999) showed 

that above a l i tter size of 2 .3  lambs born per ewe lambi ng, farmers can expect a 

reduction i n  farm profi tabi l i ty and there i s  a decreasing rate of economic gai n per flock 

as l i tter size proceeds from 1 .7 to 2.3 lambs per ewe. Triplets replace si ngles as l i tter 

size i ncreases above 1 .7 lambs per ewe and lamb mortal i ty is assumed to be highest i n  

triplets (Amer et al., 1 999) .  Farmers surveyed in this study were aware o f  the reduced 

fi nancial returns caused by poorer surv ival rates in highly fecund sheep and identi fied 

lamb survi val as the most important factor affecti ng farm income (Chapter 2) .  Farmers 

and researchers have redi rected thei r focus to i nvestigate methods of improving lamb 

survi val i n  highly fecund flocks. 

Farmers from the High lambi ng rate farms (Chapter 2) reported the same proportion of 

lamb losses to weaning as did the Low lambing rate farms that were surveyed. They 

attributed the reduction i n  lamb losses part ia l ly as a resu l t  of improved mothering 

abi l i ty .  The survey ident i fied the Coopworth breed as the predominant breed of High 

lambing percentage flocks (Chapter 2). A survey conducted by Roh loff et al. ( 1 98 1 )  

twenty years ago also attri buted the increase in lamb rearing performance at that t ime to 

the use of the Coopworth breed. 

Genetic parameters for lamb survi val , l i tter survi val and maternal behaviour score were 

derived for a Coopworth flock that had been selected for maternal abi l i ty and lamb 

survi val for nearly 30 years (Chapter 3 ). Lamb survival was under min imal genetic 

control with the total heritabi l i ty bei ng just 1 6% (Chapter 3 ). Lopez-Yi l lalobos and 

Garrick ( 1 999) and Morri s et al. ( 2000) reported heritabi l i t ies for lamb survi val of a 

simi lar magnitude. The maternal effect of lamb survi val attributed 1 1 % of the total 
variation and the d i rect effect 1 4%, however the covariance between di rect and maternal 

effects was negati ve. One possible explanation i s  that some of the genes that regulate 

survi val are incompat ible wi th the genes that enhance ewe- lamb bonding (Chapter 3 ) .  

Ident ification of  the genes responsible for lamb survi val provides a challenge for the 

future. Farmers i ncorporat ing lamb survi val i nto thei r ani mal selection programme must 

account for the negati ve correlation between d i rect genetic and maternal genetic effects 
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on lamb surv ival, otherwise heritabi l i ty est imates for lamb survival wi l l  be inflated and 

expected rates of genetic gain over estimated. 

Farmers and animal breeders must also review how the lamb surv ival trait is currently 

recorded and analysed. Lamb survi val i s  a complex trait, far more complex than the way 

it is recorded suggests. Lamb surv ival should be recorded for at least two stages, that i s  

surv ival from bi rth to tagging ( 1 -2 days of age) and surv ival from tagging to weaning 

(day 3 to day I 00 of age). Most lamb deaths occur i n  the first two days from b irth 

(Anon, 2002; Aspin 1 997; Poi ndron et a l . , 1 984) and the strength of the ewe-lamb bond 

is determined in this fi rst stage (Chapter 7 and 9) therefore lamb surv i val in the first 2 

days of l i fe i s  a di fferent trait to lamb survival measured to weaning and warrants 

greater weighti ng i n  animal se lection programmes. Genetic parameters for lamb 

survival shou ld be est imated for surv ival to tagging, i n  addition to urv ival to weaning. 

This  study has shown that genetic and environmental variation differs for lambs born as 

a twin or triplet and environmental effects play a greater part i n  triplet lamb surv ival 

than twin lamb surv ival .  Greater genetic improvement in lamb surv i val is possib le for 

highly fecund flock i f  genetic parameters for lamb survival are separately  esti mated for 

ewes with a si ngle lamb, twins and trip lets. Farmers wanting to improve lamb survi val 

should i ncorporate lamb survi val to taggi ng and separate analyses for twins and triplets 

in to their an imal breedi ng programmes. 

The selection strategy can be implemented fol lowing assessment of twi n and triplet 

losses from current and hi storic data. Farmers should focus selection on the l i tter size 

where losses are largest and where gai ns i n  productivi ty are predicted to be greatest. 

Justification for implementing selection strategies based on l i tter size requ ires 

knowledge of the proport ion of flock ewes with si ngle, twin and triplet l i tters. An 

i nvestigation i nto the predominant cause of death for each l i tter size w i l l  assist greatl y  

when reviewing and implementing animal selection programmes to i mprove urv ival . 

For example twin lamb bi rth weight may be sufficiently large predi pos ing these lambs 

to dystocia whereas the predominant cause of death for triplets may be the 

starvation/exposure complex which is largely determined by environmental effect such 

as the weather. Triplets may on ly make up 5% of al l lambs that are born and the weather 

is not eas i ly  control led, although i ts adverse effect at lambing can be min imised by 

changing the lambing date and providing effect ive shelter (Pol lard and Littlejohn, 
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1 999), therefore product iv i ty gai ns are more l i kely from implementing selection and 

management strategies to reduce dystocia. 

Dam maternal behaviour score and l i tter survi val were primari ly infl uenced by the 

environment. The genetic parameters deri ved for the Coopworth flock for maternal 

behaviour score were low and the heri tabi l i ty est imates for MBS and l i tter survival were 

lower than those rep01ted previously (Lambe et al., 200 I ;  Haughey, 1 984; Piper et al., 

1 984). Coopworth ewes i n  this study had a mean l i tter s ize at b irth of 1 .8 lambs per ewe 

and this was signi ficant ly higher than the l i tter sizes repotted by Lam be et al. (200 I ). A 

possible explanation for the low est imate of genetic variance reported i n  this study may 

be that the proportion of variation attributed to environmental effects for maternal 

behaviour score and l i tter survival has i ncreased with i ncreasing l i tter size, as ewes with 

tri plet l i tters had a more complex environment than ewes with a l i tter s ize of one or two. 

Future analyses should be performed separately for ewes with twins and ewes wi th 

triplets, as they were in this study. 

Triplet lambs were constrained by the maternal environment provided by their dam, 

both genetical ly and through environmental effects  (Chapter 3). The environment i s  

cri t ical for triplet l i t ters, more so than for twins, a s  a greater proportion of  the variation 

in triplet survi val i s  attributed to environmental effects (Chapter 3 ). The environment 

accounts for 88% of the variation in triplet lamb survi val and 75% for twins. Lamb and 

l i tter survi val rates were high in this flock and it is l i kely that many years of selection 

for MBS have improved lamb and l i tter survi val as variation in maternal abi l i ty was low 

and the majori ty of dams were c lassified as 'good mothers' (MBS 3 and above). This 

flock and other high petforming sheep flocks, require a new 'maternal abi l i ty i ndicator' 

that detects genetic variation in l i tter survi val . Further work is requi red to e lucidate the 

underly ing  genetic causes of the maternal effects for lamb survi val and the d i rect effect 
for dam l i tter survi val .  

Ki lgour ( 1 998 ) showed that arena behaviours cou ld be used to predict lamb reari ng 

abi l i ty in Merinos. Meri no ewes with h igher lamb reari ng performance travel led only 

60% as far and bleated fewer times than a random flock ( Ki lgour, 1 998). I n  this study, 

Romney ewes that showed less flocking behaviour in the arena test and high bleated 

fewer ti mes had greater lamb reari ng performance at weaning (Chapter 8, 9) .  These 
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arena behaviours consi tent ly predicted lamb reari ng performance i n  Romney ewes 

selected for High and Low IGF- 1 with si ngle and twin l it ters (Chapter 8) and Romney 

with twi n and triplet l i tters subjected to di fferent feeding management (Chapter 9) .  

Arena behaviour appears to be under genetic control as ewes selected for High and Low 

IGF- 1 showed less flock ing behaviour than the unselected Control flock and feeding 

level i n  late pregnancy did not  affect arena behaviour i n  ewes with larger l i tter sizes. 

The relationship between arena behaviour and maternal behaviour was not strong, 

however ewes that showed higher flocking behaviour i n  the arena also showed 

increased flocking behaviour at taggi ng, as was shown by thei r lower MBS (Chapter 8) .  

Maternal behaviour score varies with breed, selection l i ne and l i tter size, therefore i t  

should be used with caution. The MBS with a modified scale may be more suitable for 

some sheep genotypes, whi le other genotypes may require thei r own maternal abi l i ty 

i ndicator. An alternat ive indicator showing promise i s  ewe- lamb contact time after 

separation i nduced at tagging (Chapter 9). Finn and Texel flocking behaviour, as shown 

by thei r MBS (Chapter 6 and 7) differed markedly  and therefore an opportuni ty exi ts 

to use these breeds as a model to explore whether a stronger relation hip exi ts between 

arena behaviour and maternal behaviour. 

O'Connor et al. ( 1 985)  reported that ewe age, ewe genotype and l i tter size significant ly  

influenced M BS i n  a tudy of several ewe genotypes under New Zealand farming 

conditions. The mean l i tter size was 1 .67 lambs per ewe and MBS increa ed with 

i ncreasing l i tter size (O'Connor et al., 1 985) .  The authors suggested that an i ncrease i n  

M BS with i ncreasing l i tter s ize may represent a sti mu lation of maternal behaviour by 

addi tional lambs, suggesting that ewes with higher MBS at taggi ng are more attenti ve 

towards their lambs and this may explain why in this study Coopworth ewes with an 

M BS of 4 compared to Coopworth ewes with an MBS of 3 weaned an additional I 0 kg 

of lamb. O'Connor et al. ( 1 985)  observed an improvement in weight of lamb weaned 

per ewe mated with i ncreas ing MBS .  The Coopworths in this tudy had been elected 

for maternal abi l i ty for nearly 30 years. It is l i kely that they were more receptive to the 

needs of their l i tter and adjusted thei r maternal behaviour accordingly, more than their 

East Friesian Coopworth cross contemporaries who had not yet been i ntens ively 

selected. Finn and Texel ewes wi th a maternal behaviour score of 4 also weaned an 

addit ional I 0 kg of lamb than ewes with an MBS of 3 (Chapter 7). 
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O'Connor and Lawrence ( 1 992a) i nvestigated lamb and ewe behaviour i n  Scottish 

B lackface and Scott i sh B lackface B luefaced Leicester crosses. They suggested that i t  i s  

not 'poor' maternal behaviour but inappropriate lamb behaviour that i s the l imit ing 

factor in lamb survi val for the crossbreds. However they remained unconvi nced of the 

degree to which lamb behaviour i nfluences ewe behaviour. This  thesis investigated the 

i nteraction between ewe and lamb behaviour in larger l i tter s izes and high l ighted the 

importance of lamb behaviour i n  ewe- lamb attachment (Chapter 6, 7, 9). 

Triplet lambs rely  on their own genetics (direct genetics) to ensure thei r survival to 

wean ing (Chapter 3 ). C loete et al. (2002) have shown that lamb behaviour, i n  particular 

ti me to stand and t ime to suck do have a genetic component and that it di ffers between 

breeds .  However further work is required to determine the genetic variation of lamb 

behaviours in large l i tters. Lamb behaviour at tagging was not affected by breed and 

lambs that stand after taggi ng and suck from thei r dam had an improved chance of 

survi val (Chapter 7) .  The chance of lamb survi val improved 3-fold for a lamb that 

suckled from i ts dam within ten minutes from tagging compared to a lamb that did not. 

The chance of survi val to weaning improved 5-fold when a lamb stood within ten 

minutes from taggi ng (Chapter 7 ) .  

Lambs that stood quickly after birth took longer to stand 5 to 8 hours later a t  tagging 

(Chapter 7 ) .  As lamb age progresses, the ewe-lamb bond strengthens and lambs and 

ewes are more aware of each other' s  proximi ty after separation. The lamb can better 

determine the prox imity of i ts dam from a combination of audi tory and visual cues. 

Ewes with lower MBS high bleated more (Chapter 7, 9) and ewes with higher MBS low 

bleated more (Chapter 7). The dam also rel ies on auditory and visual cues to become 

reuni ted with her lamb and wi l l  high bleat more the longer i t  takes for the lamb to stand 

(Chapter 9). The dam wi l l  high bleat when she has lower MBS and cannot locate her 

lamb or l i tter. Lamb bleat ing represents need (Chapter 6) and attracts the dam when 

separated (Chapter 9) .  The lamb bleats more if i ts dam has a lower MBS (Chapter 7)  

and i t  wi l l  bleat more i f  i t  stands quick ly (Chapter 9) .  Th is  i nteracti ve behaviour 

between the dam and her lamb fol lowing separation may explai n why younger lambs 

that stand after tagging have a better chance of survival (Chapter 7) and why older 

lambs that took longer to stand after tagging grew an additional I 0 grams per day for 
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every mi nute they remai ned ly ing down (Chapter 9). Quicker ewe-lamb contact times 

were also associated with faster lamb growth rates (Chapter 9). The Finn and Texel 

lambs were tagged when they were between 5 and 8 hours old (Chapter 7) whereas the 

Romney lambs were about I 0- 1 2  hours old (Chapter 9). Ewe-lamb attachment is not as 

strong for younger lambs and therefore a l amb that stands after taggi ng is more vis ible, 

improving i ts chance of being reunited with i ts dam and improvi ng its chance of 

survival .  The older lambs were more aware of thei r dam' s  proxi mi ty. These lambs 

appeared more 'content' suggesting that lamb growth rate up to weani ng warrants 

investigation as a possible i ndicator for future lamb rearing abi l i ty .  Murphy et al. 

( 1 994b) reported that animals of quiet temperament grow faster and are better producers 

than ani mats that are restless, nervous or aggressive. 

Ewe MBS tended to improve throughout the lambing season with i ncreased shepherding 

frequency (Chapter 3) .  The survey identi fied i ncreased shepherding as the probable 

cause of i ncreased lamb production by maintain ing low lamb losses in the High farm 

group (Chapter 2) .  Markowitz et al. ( 1 998) suggested that domestic animals that are 

social i sed to humans are more easi l y  managed and less t imid than those that were not. 

Past research has shown that poor maternal behaviour i n  primiparous ewes is often 

considered a cause of lamb death (Arnold and Morgan, 1 975) as these younger and 

i nexperienced ewes show more frequent abnormal post lambi ng behaviours than older 

ewes (Sharafeldin and Kandeel ,  1 97 1  ) .  Therefore research is  requi red to determi ne i f  

ewe lamb breeding replacements can be trained to the presence of the shepherd to 

reduce emoti vi ty, reduce flocking behaviour and improve mothering abi l i ty. Research 

should also be extended to ewe breeds that show a greater degree of flocki ng behaviour, 

such as the Fi nnish Landrace (Chapter 6 and 7) .  

Shi l l i to-Walser ( 1 978)  stated that the formation of the ewe- lamb bond i s  the result of a 

rapid learn i ng process influenced by the behaviour of both the ewe and the lamb. 

Pol l ard ( 1 989) showed that lambs of larger l i tters assume a greater role i n  maintain ing 

contact with thei r dam and younger l ambs had d ifficu l ty maintai n ing contact. Further 

investigation is requi red to determi ne whether lamb behaviour is learned from dam 

behaviour and if lamb behaviour in l arge l i tters is influenced by the behaviour of 

l i ttermates. 
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Researchers and farmers are aware of the effect of maternal nutri t ion on lamb survi val .  

The majori ty of studies suggest that maternal under nutri t ion reduces l amb surv i val  

through i ts affect on lamb birth weight ( Moore et al., 1 986; Scales et al., 1 986; Dwyer 

et al., 2003) .  This  study showed that ewe nutri tion in late pregnancy affected tri plet 

lamb behaviour and survival to weaning, regardless of bi rth weight. Ewes with triplet 

l i tters grazing 2cm pasture sward height in late pregnancy produced lambs that were 

slower to stand, locate thei r udder and fol low them after tagging. These ewes took 

longer to contact their  Jamb after separation. Triplet Jamb survi val was si mi l ar to twin 

lamb survi val when pasture al lowance was not restricted i n  late pregnancy. Lamb 

behaviours observed after tagging, such as  t ime to stand and suck were not explained by 

lamb birth weight. Fwther i nvestigation i s  required of the physiological mechanisms 

that determine Jamb behaviour resu lt ing from changes i n  the maternal environment. 

Some studies have i nvestigated the effect of maternal nutri tion on maternal behaviour 

(Dwyer and Lawrence, 1 992; Dwyer et al., 2003). However these studies have ei ther 

focussed on maternal behaviour of ewes with smal l  l i tter sizes (Dwyer and Lawrence, 

1 992) or researched maternal behaviour where ewes and their lambs were housed 

i ndoors (Dwyer et al. , 2003). MBS was not affected by pasture al lowance for ewes with 

twi n and triplet l i tters (Chapter 9) and for Finns and Texels (Chapter 5, 6, 7) .  MBS  

measures the distance a ewe retreats from her lamb when i t  is tagged by  the shepherd 

and does not measure the t ime taken for the ewe to return to her l i tter. I n  contrast ewe­

lamb contact t ime after tagging showed that ewes grazing lower sward heights took 

longer to contact thei r ttiplet lambs after tagging (Chapter 9). Ewe- lamb contact t ime 

appears to be a more suitable i ndicator and possib ly a more effect ive selection tool than 

MBS for lamb reari ng performance. Particu larly for breeds that show reduced flocking 

behaviour and where environments were more di verse. However futther research is 

requi red, i nc lud ing the esti mation of genetic variation and i ts correlation with 

production trai ts. 

A re lationship was found between MBS and change i n  ewe body condi tion (Chapter 4). 

Ewes that maintai ned body condition i n  late pregnancy provided a more sui table 

maternal environment to grow and support thei r l i tters. Ewes with higher 13-

hydroxybutyrate levels were not as recept ive to the demands of their l i tter and had lower 

MBS (Chapter 4 ). H igher 13-hydroxybutyrate levels i ndicate that the ewe's  nutri tional 
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demand i s  exceeding supply, possib ly impai ri ng a ewe's  abi l i ty to bond effectively to 

her l i tter and/or encouraging these ewes to travel further from the birth s i te and the l i tter 

in search of food. Stock management tools, such as pregnancy scann ing to diagnose 

foetal number and body condi tion scoring to moni tor ewe condition should be employed 

to ensure that the energy demands of the pregnant and lactat ing ewe are met to improve 

lamb rearing petformance. 

Ewe and lamb attachment behaviour is complex and the degree of complexi ty i ncreases 

as l i tter s ize i ncreases. For smal l l i tter sizes dam rearing success is determi ned by 

maternal behaviour, however for larger l i tters dam reari ng success is determined by 

lamb behaviour and the lamb' s i nteraction with i ts dam. Future research shou ld focus on 

the behaviour of l i t ters and how l i tter behaviour i nfluences dam behaviour. 
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