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Abstract 

I n  the veterinary and ecology l iterature two cla ims regard ing predator-prey 

i nteractions are frequently made. F i rstly, that vertebrate predators typica l ly 

captu re d isadvantaged ind ividua ls ,  includ ing the young,  weak, sick, aged and 

i njured , from prey populations in  h igher than expected proportions. Second ly, 

as a consequence of th is ,  prey an imals when i njured or d iseased , are said to 

attempt to behave i n  a normal manner, s imi lar to that of a healthy con specific, 

so as not to d raw the attention of a predator. 

This thesis investigates whether the presence of a predator mod ifies the 

behaviour of sheep and lambs that are i n  pa in .  

There are two parts to this thesis .  Part one examines the behaviour of lambs 

fol lowing castration . Pa rt two examines the behaviour of adu lt sheep i n  

response to a mechan ical pressure device . 

The aim of part one was to mon itor the restlessness behaviour of lambs 

fol lowing castration in  the presence of four  stimu l i  (a goat, a dog , a card board 

box, and a tape recorder playing the sou nd of a dog barking) ,  and the effect that 

the lambs' dam has on this behaviour. Three hundred and eighty four  l ambs 

were observed in  th is study, ha lf of these lambs were castrated and the other  

half were left as contro ls .  

Castrated lambs exhib ited more restlessness behaviour than control lambs 

(p<0.0001 ) .  However, restlessness behaviou r  was not d ifferent between lambs 

exposed to one of the fou r  stimul i .  The presence of the lambs' dam s ign ificantly 

reduced the rest lessness behaviours of both castrated (p<0 .0003) and control 

lambs (p<0.00 1 9) .  

The aim of part two was to determine the threshold response of 16  adu lt 

Romney ewes in  response to a painfu l mechanical pressu re device in the 

presence of fou r  stimu l i  (a dog, a goat, a tape recording of a d rum beat and a 

tape record ing of a dog barking). 



The res ponse threshold was h igher i n  sheep exposed to the dog than to the 

goat (p<0.05). 

The s ign ificant d ifference between the behaviour  of castrated and contro l  l ambs 

suggests that castration is a painfu l procedure .  Moreover, lambs may rely o n  

their  mother to cue them on how t o  behave , a s  lambs sign ificantly red uced the 

amount of restlessness behaviou r  they exhibited when their ewe was present 

(castrated lambs p<0 .0003 ; control lambs p<0.001 9) .  Adult sheep find dogs 

avers ive, and their pa in  th resholds were higher i n  their presence than when a 

goat was present. Th is  suggests that sheep are a ble to a lter the i r  behaviou r  i n  

the presence of a potential threat. 

These resu lts justify fu rther research into the behaviour of prey animals in the 

presence of a predator .  Two key avenues for futu re research include; 

determin ing how prey an imals view humans,  and further investigating the 

mother-young relationsh ip and the affect the presence of a predator has on th is .  
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Chapter 1 General I ntrodu ction 

1 General Introduction 

S heep and goats were domesticated more than 8,000 years ago i n  Western 

Asia (Rutter, 200 2; Clutton-Brock, 1 999). The domestic sheep rapidly spread 

into Europe and north and east i nto the rest of Asia and the Far East (Ciutton­

B rock, 1 999). Domestic sheep ( Ovis aries) are bel ieved to be derived from the 

Asiatic Mouflon (Ovis orientalis) , which l ives in d ry and mounta inous regions of 

Asia (Rutter, 200 2) .  By the s ixth m il lenn ium BC,  large phenotypic changes had 

occurred in  sheep. Female sheep became horn-less, and the i r  fleece had 

changed from the wi ld type to an  e ntirely white, wool ly fleece (Ciutton-Brock, 

1 999). 

Selective breed ing over many years has resu lted in calmer, more productive , 

and heavier sheep (Vangen et a l . ,  1 994 , cited i n  Hansen,  Christiansen ,  Hansen,  

B raastad ,  & Bakken ,  2001  ), and i t  is possible that the process of domestication 

and the reduced risk of predation have reduced anti-predator behaviou rs i n  

sheep ( Eggen ,  1 995, cited i n  Hansen et a l . ,  200 1  ) . 

I n  the veterinary and ecology l iterature it is  regu larly proposed that prey 

species , when inju red or d iseased , wi l l  attempt to behave in a normal manner, 

s imi lar  to conspecifics , so as not to d raw the attention of a predator (Short, 

1 998;  Taylor, Pascoe, & Mama, 2002; U nderwood , 200 2).  This hypothesis has 

not been tested . 

Behaviour is used to assess the stress an imals experience when exposed to a 

threat ( Dwyer, 2004 ) . However,  the measurement of behaviour  is d ifficult and 

the i nterpretation of behaviour is  often subjective (Mason & Mendl ,  1 993). 

Behaviou ral  responses to stress a re thought to derive from the anti-predator 

responses of a species (Bianchard et a l . ,  1 998, cited in Dwyer; Boissy, 1 998, 

cited i n  Dwyer, 2004 ) .  F rid and Di l l  ( 2002),  suggested that prey s pecies have 

developed anti-predator responses to predators and to threaten ing  stimu l i ,  such 

as loud noises or sudden events. This supports the concept that stress 

1 
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responses are anti-predatory behaviou rs i n  prey species. Thus,  understand ing 

the fu nctional  s ignificance of anti-predatory behaviours may help in  the 

i nterpretation of behavioura l  responses to stress (Dwyer, 2004 ). This may 

encompass behavioura l  responses to painful stimu l i  as wel l .  

Prey an imals may change the pain-re lated behaviou rs they exh ib it i n  response 

to the environment they are i n .  Because behaviour  is the most commonly u sed 

parameter for assessing an imal pa i n ,  the possib i l ity that an imals may alter their  

pain related behaviour may make the assessment of pain  us ing behaviour  more 

d ifficu lt . For example, a lack of overt behaviou r  ind icative of pain in  some farm 

an imals after husbandry procedu res such as castration has been interpreted to 

ind icate that the an imal is not experie ncing pai n .  The human observer may be 

perceived as a predator and this may affect the an imal's behaviour. 

The sheep was chosen as the mode l  for this thesis because the l iterature on  the 

behaviour  of wild and domestic sheep is particu larly rich . In add ition ,  the 

behaviou r  of lambs fol lowing castration and ta i l  docking has been extens ively 

stud ied over the last twenty years (Mel ior & Stafford ,  2000) .  Castration is a 

painfu l  procedure, and a set of behaviours and postures have been identified as 

ind icators of pa in in  lambs. Therefore the sheep is a good model  for studying 

pain re lated behaviou r  in  the presence of a predator. 

In this thesis the effect of the presen ce of a predator on the behaviour of sheep 

in  pa i n  wi l l  be examined.  

In Chapter 2 the l iteratu re regard ing the methods used to eva luate pain in  

an imals is reviewed , as is the response of prey an imals and especial ly sheep to 

predators and other stimu l i .  

Chapter 3 describes the behaviou r  of  lambs fol lowing castration when they are 

held i n  pens i n  the presence of fou r  d ifferent stimu l i ;  a dog, a goat, a card board 

box and the sound of a dog barking .  
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Chapter 1 Genera l  I ntroduction 

I n  Chapter 4 the response of ewes to a painfu l mechanical pressure device is 

d escribed in  relation to the presence of fou r  d ifferent stimu l i  (dog , goat, tape 

recorder  playing the sound of a d rum beat and a tape recorder  playing the 

sound of a dog barking). 

Chapter 5 is a general d iscussion of the resu lts of the research and their 

s ignificance is evaluated . The futu re d i rection of th is type of research is 

d iscussed . 

Chapter 6 contains the l ist of references used i n  th is thesis .  

Chapter 7 contains append ices with the data from the experimental components 

of th is  thesis . 
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Chapter 2 

2 Literature Review 

Literature Review 

Pain has been defined as "an unpleasant sensory or  emotional experience 

associated with actual or potential t issue damage, or  described in  terms of such 

d amage" ( IASP,  1 979, p .250) .  I n  the past, there has been debate over whether 

an imals feel pa in . 

Over the past 1 5  years, s ign ificant advances have been made in  our  

u nderstanding of  pa in  in an imals.  The debate as to whether an ima ls  possess a 

s im ilar capacity as man to experience pain has been debated for centuries 

(F iecknel l ,  2000 ) .  The debate continues because it is impossib le to study the 

experience of pain d i rectly. Sol ipsism states that the only consciousness a 

person knows is their own (Bateson ,  1 99 1  ) ,  and consequently, before pain can 

be recognised and a l leviated in  an imals ,  th is ph i losophical perspective must be 

rejected . Even though it may be impossible to study pa in in  an imals d i rectly, 

i nferences about it can be drawn from ind i rect measures, such as behaviour. 

2 . 1  An i mals a n d  Pa in  

There is  evidence that an imals experience physical pain i n  a s imi lar  manner  to 

humans (Morton , 200 1 ), and a range of tests , have demonstrated an imals'  

ab i l ity to detect damaging or potentia l ly damaging stimul i ,  for example excess 

heat or mechan ical  pressu re (Broom, 2001 ) . These tests include the tai l  fl ick 

response, the jaw open ing response and l imb withdrawa l (Broom ,  200 1 ) .  The 

possession of a detection system does not ,  in  itself, mean that a nimals 

experience pa i n .  Pain  i n  humans is defined as having both a sensory and an 

emotional component. I f  the bra in does not interpret the sensory i nformation 

arriving from peripheral  nerves, the characteristic u npleasant and d istressing 

nature of pain wou ld not be experienced (F iecknel l ,  2000). 

The in it ia l  detection of tissue damage is by a peripheral detection system, 

termed 'nociception ' .  Nociception is the e lectrical or chemical activity of 

nociceptors. The perception and interpretation of th is i nformation centrally 
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results in the experience of pain .  Animals and humans possess nociceptors ,  

a nd the types of nerve fibres that connect them to the central nervous system,  

a re virtua l ly identica l in a l l  an imals (Fiecknel l ,  2000) .  For example ,  pa in  and  

pleasure centres i n  the bra ins of birds,  mammals, and fish are very s imi lar  to 

those in humans ( Rol l in ,  2003). I n  add ition , the neural mechan isms responsib le 

for pa in behaviour  a re s imi lar in  a l l  vertebrates, and the presence of 

endogenous opiates in an imals ,  suggests that they feel pain ( Rol l i n ,  2003) .  l t  

has been argued that there would be no reason for an imals to have s imi lar 

neurochemicals and pa in inh ib it ing chemicals to hu mans if  they do not 

experience pain  i n  a s imi lar manner to humans (Rol l i n ,  2003) .  l t  is presumed by 

many that the presence in  an imals of those physiolog ical characteristics which 

in  humans are known to cause pain ,  will cause pain and suffering in an imals as 

wel l  (Wal l ,  1 99 1 ; S hort, 1 998) 

However, it is important to note, the experience associated with pa in may not 

necessari ly be the same for both humans and animals.  What one an ima l  

experiences when i t  is in  pa in may be very d ifferent from that of another an imal  

of the same species. I n  add ition ,  the signa ls sent to the bra in informing of the 

damage, are processed d ifferently between species (Appleby, 1 999) .  Major 

d ifferences may arise when the information reaches the cerebral cortex . 

Because of these d ifferences, it is essential that an imal-based stud ies a re 

performed . Some animal pain may be overlooked , due to an over-rel iance on 

comparisons between human and an imal pain (F iecknel l & Molony, 1 997) .  

lt has therefore been establ ished that an imals,  by inference ,  feel pain .  

2 . 1 .1 The fu nction of pai n  

The way in  which pa in i s  perceived can be mod ified by previous experience, 

emotional state and perhaps innate ind ividua l  d ifferences. Pain is of 

evolutionary value .  The abi l ity to feel pain is essential for human survival  

( Rol l i n ,  2003),  a nd it  is therefore assumed that pain is felt i n  an ima ls  for the 

same reasons .  Pain serves to warn an an imal of tissue damage, to el icit 
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immediate escape, withdrawal or recuperation behaviours and it creates the 

opportun ity to learn to avoid s imi lar  pain causing circumstances in future .  Thus 

i t  has survival value ,  serving to  increase fitness. 

The physiological state and behaviour of an an imal can be altered by pa in  as it 

attempts to reduce or  avoid damage, and reduce the l ike l ihood of recurrence 

and aid recovery (Mo lony & Kent,  1 997). The u npleasant component of pa in  

may serve as an i ntegral  part of its evolutionary function (Dawkins,  1 998) .  

Chron ic pain ,  however, has often been referred to as non-functional pain ,  as  it 

remains long after it can serve any usefu l pu rpose (Melzack & Wal l ,  1 996; 

Molony, 1 997, cited i n  Rutherford , 2002 ) .  

2.1 .2 Assessi ng  pa in  

An an imal 's behaviour may ind icate pa in and the al leviation of pa in .  W hen left 

untreated , pain can result in weight loss, muscle degeneration ,  impaired 

respi ratory function , increased b lood pressu re a nd the reduction of self­

maintenance behaviours (Fiecknel l ,  2000) .  Fa i lu re to manage pain can lead an 

an imal to self muti late and/or result in chronic pa in .  

The d i rect measu rement of a su bjective experience such as pa i n  is  not 

possib le,  and so the assessment of an ima l  pa in is based on physiological and 

behavioural  responses (Molony & Kent, 1 997) .  The absence of normal 

behaviour is the most stri k ing sign that an an imal  is in pain (An i l ,  Ani l , & Deen ,  

2002) .  Animals convey their pain experience by altered behaviou rs a nd by 

physiologic changes.  Methods for assessing an imal pain include measuring ,  

restlessness, lameness, self-muti lation and vocal isation,  as wel l  as changes in  

eye expressions ,  appetite, temperament, and physical activity (Short, 1 998) .  

Physiological responses have been used to assess pa in .  These inc lude 

respiratory rate, heart rate, b lood pressure, food and water consu m ption , and 

endocrine responses such as catecho lamine or adrenocortical hormone 

res ponses. These variables may al l  be of val ue in  assessing the deg ree of pain 
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experienced by an an imal ,  but they are of l imited use as predictors of pain 

severity when used alone (Conzemius,  H i l l ,  Sammarco, & Perkowksi ,  1 997; 

H ansen,  Hardie,  & Carro l l ,  1 997; Molony & Kent,  1 997 ; Holton ,  Scott, Nolan ,  

Reid , & Welsh ,  1 998). They can be influenced by fear and anxiety (Fieckne l l ,  

2001 ) as wel l  as exercise (Ani l  et a l . ,  2002) .  I n  add ition ,  some of these 

variables may also be influenced by analgesic drugs (F iecknel l ,  2001 ) .  

H owever, physiological variables are usefu l ,  a n d  combining physiological a nd 

behavioura l  measures can be very useful .  

O ne problem with measu ring animal pa in is  va l id ity. Val id ity is defined as the 

extent to wh ich a sca le actual ly measures what it is intended to measure 

(Streiner & Norman ,  1 989) .  Val idity is important because a scale can be 

rel iab le and sensitive without actual ly measuring what it is intended to measure .  

When an establ ished sca le  exists , a new parameter can be val idated against it . 

I n  the case of an imal pa in ,  however, there are no establ ished objective 

measurement sca les against which to val idate any new scale .  This ra ises the 

question of whether measurements of an imal pain can ever be tru ly val idated . 

I n  humans, physiolog ica l and behavioural  sca les can be val idated against 

verba l self-report of pa in .  Animals' lack this abi l ity, but certa in methods have 

been developed for hu mans to whom verbal report is not rel iable or possib le 

(Streiner & Norman ,  1 989). Examining a correlation between severa l 

i ndependent measures can provide an alternative sou rce of val idation . The 

col lection of both physiological and behavioural  data to measure the same 

variable can be used as an alternative method of val idation for identifying 

an imal pain. For example ,  the patterns of cortisol release in  lambs fol lowing 

castration and tai l  docking correspond closely with behavioura l  responses 

(Kent, Molony, & Robertson,  1 993; Molony, Kent, & Robertson, 1 993) .  

Because there are d ifficu lties associated with the measu rement of physiologic 

ind icators of pain ,  observation of behaviour remains the most common and the 

most usefu l method for recognising pain in an imals (Hansen , 1 997; Livingston & 

Chambers,  2000 ; Rutherford , 2002) .  Using behaviour to assess pai n  has the 

major advantage of being non-invasive, so a ny effects of assessment on  the 
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a n imal are l im ited . Detai led objective assessments of behaviour  have been 

u sed to assess pain in  laboratory (Li les & Flecknel l ,  1 991  ) ,  compan ion (Hard ie 

et a l . ,  1 997) and farm an imals (Molony et al . ,  1 993;  Molony, Kent, Hosie, & 

G raham, 1 997;  Molony, Kent, & McKendrick, 2002) .  

Various approaches have been used to assess an ima l  behaviour in  re lation to 

pain . These include the use of pain sca les, motivation tests , observations of 

behaviou r fol lowing treatment, ind ividua l  and species specific responses to 

pain , and us ing analgesia a nd anaesthesia. 

2 . 1 .3 Pain scales 

Cl in ical evaluation of an imal behaviou r is often subjective , and d ifferent 

observers watching the same an imal may reach marked ly d ifferent conclusions.  

To reduce this inter-observer variabi l ity, several attempts have been made to 

eva luate pain more objectively by using pain-rating scales based on 

observation . These rating  scales have been model led on pain-rating scales 

developed to assess human pa in .  These methods of scoring an imal  pa in  have 

been restricted to the use of three one-d imensional rating scales;  the s imple 

descriptive scale (SOS), the nu merical rating scale ( N RS )  and the visua l  

ana logue scale (VAS). Al l  of these rea l ly measure only one aspect of the pa in  

experience, namely intensity. However, pain is a mu ltid imensional experience, 

and the use of one-d imensional sca les is l imited . Moreover, these scales have 

been shown to be unre l iable in the veterinary sett ing (Holton et a l . ,  1 998), and a 

poor association was fou nd between an N RS and physiolog ical data in  a study 

on postoperative pa in  i n  dogs (Conzemius et a l . ,  1 997). Attempts have been 

made to construct mult id imensional scales to measure pai n  i n  an imals ,  but 

although these scales define behaviours wh ich are thought to be ind icative of 

an an imal  i n  pa in ,  they do not fu lfil the criteria of a val id , re l iab le 

multid imensional or composite measu re scale for use in  an imals for the purpose 

of rat ing pa in  (Morton & Griffiths, 1 985;  Sanford , Ewbank,  Molony, Tavernor, & 

Uvarov, 1 986; Dodma n ,  Clark, Court, F ikes, & Boudrieau ,  1 992 ; F i rth & 

Haldane, 1 999). All of these pain-scoring techn iques rely pr imari ly on human 
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observations of behavioural  s igns, and interpretation of these is h igh ly 

subjective (Dobromylskyj et  a l . ,  2000). 

S uccessfu l development of any pain scale requ ires deta i led knowledge of the 

pain behaviou ral patterns of the species for which the tool is designed ,  a nd 

scales cannot be transposed from one species to another. 

2 . 1 .4 Motivation 

Animals can be trained to perform complex tasks to avoid brief painfu l  stimu l i  

such as electric shocks, a nd to self-admin ister ana lgesics when they develop 

chron ic pa inful cond itions .  W hen an an ima l  responds to a painfu l stimu lus the 

magn itude of the response may g ive some ind ication of the level of pa in  the 

a n imal  is experiencing . l t  is assumed that extreme responses, which place a 

s ign ificant energetic cost on the an imal ,  are associated with severe pa in  

( Rutherford , 2002). Extreme behavioura l  and physiolog ica l responses may use 

up much of an animal 's time, and substantial bod ily resources respectively 

( Rutherford , 2002) .  I n  some stud ies of pai n ,  operant methods have been used 

to measure the motivation of an animal to escape or avoid a painful stimu lus  

(Chapman et a l . ,  1 985) .  l t  is presu med that the greater the pain ,  the harder a n  

an imal wi l l  work to avoid it .  

The presence of pain may be inferred with even more certa inty if an  an imal , 

subject to a pa infu l  stimu lus ,  is  g iven the opportu n ity to administer an ana lgesic 

to itself and does so (Colpaert, 1 987). Danbury, Chambers ,  Weeks, Waterman ,  

a nd Kestin ( 1 997) and Danbury, Weeks , Chambers, Waterman-Pearson ,  a nd 

Kestin (2000) have used ana lgesic self-administration experiments to assess 

pain due to lameness in  broi ler ch ickens.  In these experiments, lame broi lers 

self-selected both morph ine and the non-steroidal anti-inflammatory d ru g  

(NSAID) carprofen .  However, healthy birds  also showed a preference for 

morphine, so care must be taken in such experiments to ensure that the d rug is  

selected for its analgesic properties, and not for other reasons ( Rutherford , 

2002). Simi larly,  experiments that al low animals the opportun ity to self-select 
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a n  ana lgesic (Colpaert, 1 987 ; Danbury et a l . ,  2000) may be adapted to test the 

motivation of an a n imal to gain pain rel ief ( Rutherford , 2002). 

2 . 1 .5 Behaviour  fol lowing treatment 

l t is possib le that behaviour may ind icate pa in ,  if it is exh ibited by an imals 

subjected to pa infu l procedu res during or after such procedures but not by 

contro l  an imals (Dinniss, Stafford ,  Mel ior, Bruce, & Ward ,  1 999).  There are 

many i l lustrations of th is .  The behaviour  of lambs fol lowing castration and tai l  

docking is a com mon example (Lester, Mel ior, Hol mes, Ward ,  & Stafford , 1 996; 

Thornton & Waterman-Pearson ,  1 999). Lamb behaviour fol lowing castration 

a nd tail docking was first quantified by Melior and Murray ( 1 989). They found 

that castrated a nd docked lambs exhibited a greater incidence of abnormal 

postu res, such as ventra l lying with partial or fu l l  h ind-leg extension, and 

restlessness than control an ima ls .  

2 . 1 .6 Individual  and species s pecific responses to pain .  

Behaviour associated with pain may be specific to a species, and to specific 

types of tissue damage (Lester et a l . ,  1 996; Dinn iss et a l . ,  1 999). lt is important 

in  the d iagnosis of pain in  an imals to appreciate the species, breed and 

ind ividual d ifferences in their response to injury (Short, 1 998).  Knowledge of 

the selective pressures on d ifferent species is essential if behavioura l  

responses are to  be properly interpreted (Broom, 200 1 ) .  l t  is l ikely that 

behaviou ral  pa i n  responses are adaptive , and this may determine whether an 

an ima l  demonstrates overt pa in related behaviour or not. When some species 

are i njured , it may be benefic ia l  for ind ividuals to vocal ise that they are in pain 

(Fraser & Broom ,  1 997), whereas, herbivores such as antelopes may hide their 

pain in the presence of a predator so as not to alert predators of their reduced 

fitness (Sanford et al . ,  1 986; Ani l  et a l . ,  2002). In add ition ,  herd animals such 

as herbivores become stressed when isolated from their  peers,  a nd thus,  may 

alter their  expression of pain behaviou rs (Dombromylskyj et a l . ,  2000). 
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Animals may adjust their behaviou r  accord ing to their surround ings, such as 

masking pain-related behaviour i n  unfami l iar environments . Different inju ries 

may el icit u n ique behavioural  responses because the sensations experienced 

by an a n imal may d iffer when d ifferent tissues are injured or s imi lar tissues are 

damaged in  d ifferent ways. For i nstance surgical castration a nd/or ta i l  docking 

of lambs cause immobil ity whereas ring castration and/or tai l  docking cause 

increased activity (Molony et a l . ,  1 993; Lester et a l . ,  1 996; D inn iss et a l . ,  1 999). 

In add ition ,  d ifferent characteristic postu res can occur in  response to pain in  

d ifferent areas of the body (Hansen , 1 997). This specificity of behaviour means 

that deta i led study of an imals fol l owing particu lar procedu res is necessary to 

identify general and specific behavioural  responses to d ifferent types of tissue 

damage and pain .  

Furthermore, there are inter-ind ividual d ifferences i n  the experience of pain .  

These d ifferences can be attributed to genetic factors (Mog i l ,  1 999) such as 

d ifferences between species and between breeds in  the case of the dog ( Reid , 

2003) ,  or the individual 's early experience and environment (Rutherford , 2002). 

Other causes of these differences include age, sex, reprod uctive status, group 

size , cage or pen size, food and water intake and the environment (An i l  et a l . ,  

2002 ). 

The u n ique behaviour evoked by specific injuries makes it d ifficult to use 

behaviour alone to compare the pain experienced by an imals subjected to 

d ifferent treatments (Mel ior & Hol mes, 1 999). Because behavioural  responses 

to d ifferent treatments are i njury specific, it is necessary to monitor physiologic 

d istress responses to assess the relative effects of such treatments . I n  

add it ion ,  if behaviour i s  to be u sed to compare the pain experienced by an imals ,  

s ing le behaviours need to be consistently expressed in  response to d ifferent 

treatments (Lester et al . ,  1 996) .  

1 1  



Chapter 2 Literature Review 

2 . 1 .7 Analgesics and a naesthesia 

Analgesics and anaesthetics are usefu l tools to use in the assessment of pain .  

Pain is  a perception that depends o n  activation of a discrete set of nociceptors 

by noxious stimu l i .  However, an additiona l  characteristic of nociception is that it 

is  possib le for nociception to occur without the conscious perception or 

awareness of pain if nociceptor nerve impu lses are b locked periphera l ly or  

where they enter the sp ina l  cord or  in the bra in before they reach the h igher  

centres . By admin istering analgesics or anaesthetics , it is possib le to block the 

nociceptor response from travel l ing to the bra in .  Using this knowledge, it is 

possib le to use behaviou r  to identify nociception and by inference, pain ,  if 

effective local or regional anaesthesia or systemic analgesics retu rn behaviour 

levels close to those exh ib ited by control an imals (Dinn iss et a l . ,  1 999).  

When assessing pa in ,  i t  is necessary to combine analgesic treatment with the 

measurement of behavioural  changes. If an an imal is showing abnormal  

behaviour, and th is  abnorma l response is returned to 'normal '  by the 

admin istration of an analgesic, the i nference is made that the abnormal 

behaviou r was caused by pa in .  

Th is  method of pain assessment and behaviou r identification has been used 

extensively in re lation to the behaviou rs exh ibited by castrated and ta i l  docked 

lambs. Wood, Molony, Fleetwood-Wal ker, Hodgson and Mel ior ( 1 991 ) fou nd 

that lambs given local a naesthetic prior to castration and tai l  docking d id not 

exh ibit the behaviou ral  and endocrine changes normal ly seen .  I n  add ition ,  

Thornton & Waterman-Pearson ( 1 999) were able to d istingu ish between 

behaviou r associated with the pain at the time of castration and post castrat ion 

pain ,  by admin istering general anaesthesia during castration . In both of these 

studies,  control groups that underwent hand l ing but no other procedure were 

a lso included, and treatment an imals, which were g iven anaesthesia only, were 

fou nd to behave in  a manner simi lar to those lambs wh ich were on ly subjected 

to handl ing (Wood et a l . ,  1 99 1 ; Thornton & Waterman-Pearson ,  1 999).  
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There is danger that using the effects of ana lgesic treatment on behaviour to 

recogn ise pa in becomes a circular  argument. For example, pain is something 

removed by a n  a nalgesic; and an analgesic is someth ing that removes pain 

(Bateson , 1 99 1  ) . Ideal ly, the presence of pain should be val idated with other 

ind icators. l t  should also be noted that a na lgesic drugs may have behavioura l  

effects unrelated to  pain and nociception .  For  instance, some analgesic d rugs 

a lso have general sedative effects, which decrease activity (Hard ie et a l . ,  1 997).  

l t  is therefore important i n  experiments , to have a control g roup  that on ly 

receives analgesic treatment, to estab l ish the effect(s) th is has on  an imal  

behaviour. 

2.2 Effects Of Predators On The Behaviour Of Prey Species 

"Any property of a n  organism that reduces its chances of being taken by a 

predator wi l l  be favou red by natu ral  select ion" (Rid ley, 1 995,  p .  1 5 2) .  

I n  the veterinary a nd ecology l iteratu re ,  two claims regard ing predator-p rey 

i nteractions are frequently made: F i rstly, that vertebrate predators typical ly 

capture d isadvantaged ind ividuals ,  includ ing the you ng, weak, s ick, aged and 

injured , from prey populations in h igher tha n  expected proportions .  Secondly, 

as a consequence of this,  prey animals when injured or d iseased are said to 

attempt to behave in a normal manner, for instance simi lar to that of a healthy 

conspecif ic, so as not to draw the attention of a predator. 

If these statements are true,  then we shou ld see evidence that predators are 

selecting d isadvantaged prey over healthier animals.  From a behaviou ral  

ecology perspective th is pred iction coincides  with optimal foraging theory, 

whereby an imals should exploit a food source that provides maximum energy 

as a result of exerting min imal energy. I f  p rey are d isadvantaged , it i s  probable 

they would be slower and easier to catch than their health ier con specif ics ,  and 

as a consequence,  more susceptible to predation .  However, the relative 

benefits of capturing substandard prey shou ld be greatest when a predator is  

targeting a species that is typically d ifficult to  capture and ki l l  (Temple,  1 987).  
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Furthermore, prey species should be under selection pressu re to h ide any 

signa l  that a predator might use to detect compromised escape abi l ity. Thus an 

injured an imal may conceal any behaviour  that s ignals it is i n  pain .  If  predators 

do select d isadvantaged prey, these predators must be using specific methods 

to detect this. There must be evidence that prey an imals are able to 

d ifferentiate between threaten ing and non-threatening stimul i ,  and to change or 

mask their behaviou r in relation to this. 

This section wi l l  look at predator-prey interactions, and whether there is 

evidence to support the claims of the veterinary and ecology l iterature.  

2.2.1 The selection of prey 

l t  is largely assumed that predators are able to detect abnormal behaviour ,  or 

disadvantaged ind ividua ls .  There are few empirical data to confirm that 

vertebrate predators select the most vul nerable rather than the most ava i lable 

prey, i .e .  that they forage optimal ly. This scarcity of data is due largely to 

predators being d ifficult to study, and predation events d ifficu lt to witness, u nder 

natu ral  cond itions (Qu inn & Cresswel l ,  2004 ) . 

The l ittle information that is ava i lable is focused on the possible methods used 

by predators to select d isadvantaged prey. Predators may select prey based on  

their own hunt ing methods ,  a nd the physical appearance or  behaviours of prey 

an imals. 

2.2.1.1 Hunting methods 

The method of predation adopted by a predator may act as a test for the fitness 

of prey. Canids such as wolves, are cou rsing predators , and typical ly pursue 

prey for long periods through relatively open terra in (Kruuk ,  1 972 ;  Schal ler, 

1 972).  Because can ids usual ly chase swift prey, capture success tends to be 
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low, the i nd iv idua ls caught a re general ly d isadvantaged in  some way (Schal ler, 

1 972), and ki l l s  are l ikely to occur when prey become exhausted or exhibit 

d iscern ib le d isadvantages ( Husseman et a l . ,  2003) .  Whi lst predators may be 

fooled by an injured an imal  ru nn ing normal ly, it is the pressure of runn ing for 

long lengths of time that reveals an an imal's injury, or weakness. 

Fel ids, in comparison,  general ly sta lk  prey and rely more upon cover to remain  

concealed prior to a chase, or a pounce. Therefore, the absence of a prolonged 

chase in  fel ids should favou r  random choice of ind ivid uals from a prey 

popu lation (Husseman et a l . ,  2003), provid ing the prey effectively h ide any 

affl ictions .  

Cou rsing predators have more opportun ity to select an imals i n  poorer cond ition 

than sta lk ing predators d u e  to their ab i l ity to select particu lar  prey an imals after 

the chase has been in itiated .  Wild dogs take a greater proportion of Thomson's 

gazel les in poor condition than cheetahs do (FitzG ibbon & Fanshawe, 1 989) .  

Husseman et a l .  (2003) fou nd that wolves and cougars both se lect 

d isadvantaged prey, however, wolves exhibited a greater overall tendency to 

select juveni les and malnourished ind iv iduals among both deer and e lk  prey 

than did cougars .  In  add ition , in  winter, wolves predominantly k i l l  fawns and 

older age classes of wh ite ta i led deer (Pimlott et a l . ,  1 969, cited in  Curia, 1 976) .  

When random samples of animals shot by hunters were compared with k i l ls  of 

predators , it was found that predators selected more animals with lower body 

condition d isproportionately from their proportion of the popu lation .  White-ta i led 

deer ki l led by wolves were fou nd to have sign ificantly more abnormal ities than a 

sample k i l led by hunters (P imlott et a l . ,  1 969, cited i n  Curia, 1 976). More 

recently, Pole, Gordon ,  a nd Gorman (2003) found that African wi ld dogs 

selected ind ividuals in  poorer cond ition than those randomly shot by humans,  

as measured from bone marrow fat levels .  

Whi le the notion that predators d isproportionately select d isadvantaged 

ind ividuals from the prey population has received widespread empirical support 

(Curia, 1 976; Murray, 2002), other stud ies have fou nd there to be no d ifference 

in the prey caught by d ifferent predation methods ( Rohner & Krebs, 1 996; 
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Wirs ing et a l . ,  2002 cited in Husseman et a l . ,  2003). Some variation in the 

qual ity of prey caught by predators may occur as a result of group hunting .  

Group hunting can a id  in the captu re of larger prey (Husseman et  a l . ,  2003) .  

However, it is poss ib le that the d iscrepancy in  resu lts i s  not solely due to  the 

methods of hunting .  E nvironmental factors can i nfluence whether animals 

select compromised prey. These factors can include vis ib i l ity, and the dens ity 

of ground cover (F itzG ibbon & Fanshawe, 1 989) .  

2.2.1.2 Physical appearance 

Wild an imals that are sick may be more susceptib le to predation ,  loss of social 

position ,  and displacement from territory hold ings (Hart, 1 988). Predators may 

use the appearance of a sick an imal  as an ind ication of physical cond ition .  A 

coat that is d i rty, o i ly and scruffy is an ind ication of a lack of grooming . 

Grooming has severa l fu nctions including clean ing the fu r of d irt and oi ls which 

improves its insulat ing efficiency (Thiessen ,  1 988 ,  cited in  Hart, 1 988). By 

reducing the t ime they spend grooming , s ick an imals are able to conserve 

valuable  energy, heat and water resou rces that can be used to combat fever 

(Hart, 1 988), and thus they genera l ly have a scruffy-looking coat. A d i rty coat 

may not be the only s ign of a reduction in grooming. A reduction in grooming 

can a lso lead to an i ncreased parasite load , fu rther accentuating the an imal 's  

poor cond ition .  l t  is therefore possible that predators are ab le to determ ine the 

cond ition of their prey not only by a scruffy coat, but also by an increased 

external parasite bu rden ,  such as more ticks . 

I n  the Serengeti National Park a h igher proportion of male Thomsen's gazel les 

were taken from the population than expected , which suggests that the poor 

physical condition of male Thomsen's gazel les make them more susceptib le  to 

predation (FitzGibbo n ,  1 990b ) . Males mainta ined lower fat reserves than 

females, especial ly d u ring the rut ,  as a resu lt of i ntraspecific competit ion and 

territory defence. In add ition ,  Schal ler ( 1 972) noted that male Thomsen's 

gaze lles were more susceptible to sarcoptic mange and found a greater 

proportion of males dying or dead from d isease. lt is possible that predators 
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detect th is poor condit ion and i ncreased level of d isease, and concentrate on  

male gazel les. 

S ickness per se may not d irectly enhance vu l nerab i l ity, but it may stimu late prey 

to move into places that invite attack. Thus,  wh i lst sti l l  swimming qu ite 

normal ly,  i njured fish seek the surface, and are exposed to more attacks from 

kingfishers than healthy specimens at greater depths (Kniprath ,  1 969, cited in  

Curia, 1 976). 

Toxoplasmosis i nfestation alters the behaviour of its intermed iate hosts , mice 

and rats, such that they are more l i kely to be preyed upon by cats, enabl ing the 

l ife cycle of the parasite to be completed (Webster, 2001 ) . Toxoplasmosis 

causes mice to be more active , to prefer exposed or novel areas, and to g room 

less , and it reduces the i r  learn ing capacity (Webster, 2001 ) . When given a 

choice , rats with toxoplasmosis, strongly prefer bedding that has been treated 

with cat u rine over their norma l bedd ing or bedding treated with rabbit u ri ne  

(Webster, 200 1 ) .  Th is  is extremely abnormal behaviour for rats, as they are 

neophobic, reacting to novel stimu l i  with extreme caution and often total 

avoidance (Webster, 2001 ) . Abnormal behaviour l i ke th is can make a d iseased 

animal easy prey for predators. 

Predators may a lso select animals d isplaying obvious inju ries. B i rds  such as 

jays that occasiona l ly hunt songb i rds react qu ickly to a smal l  b i rd wrigg l ing i n  a 

net; seemingly obl ivious to a human standing close by (Curia, 1 976). The sight 

of d istressed prey are so obvious and appeal ing to predators , that prey 

exh ibiting any s ign of impaired abi l ity are detected quickly. I n  addition ,  certa in 

species of birds use a 'broken wing '  d isplay when potential predators approach 

thei r  nests . Adu lt grou nd-nesting birds such as k i l ldeer and meadow pipits 

meander away from their nests tra i l ing an ' inju red'  wing on the ground in  the 

presence of a predator (Brunton,  1 990). This d raws the predator's attention 

toward it and away from the nest; d ivert ing danger from the b ird 's  offspring 

(Weary & Fraser, 1 995). This d isplay is d i rectly mimicking a sick or lame 

an ima l ,  and the widespread occurrence of th is mimicry suggests that many 
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vertebrate predators can identify and wi l l  prey upon sick or d isabled individua ls  

i f  the opportun ity arises (Curio,  1 976). 

2.2.1.3 Preda tors may select prey based on their small size. 

Ungu lates are most vu lnerable du ring their first few weeks of l ife (Geist, 1 97 1 ; 

Lent, 1 974 , cited i n  F itzGibbon,  1 990a) .  Juveni les lack the speed and stamina 

of ad u lts to outru n predators ; and they are vu lnerable to a greater range of 

predators as a result of their smal ler s ize (F itzGibbon,  1 990a).  

Female Thomson's  gazel les a re rarely successfu l i n  active ly defend ing their 

you n g ,  except sometimes from jackals (Wyman ,  1 967, cited in  F itzG ibbon,  

1 990a) ,  and their fawns use h id i ng as their  main means of defence (Walther, 

1 969 ,  cited in FitzGibbon ,  1 990a ) .  Even though they provide a smal ler meal 

than adults , you nger gazel les and wildebeests are sti l l  a lot easier to catch than 

matu re animals,  and they can be selected on the basis of their size before a 

chase has been i n itiated (F itzG ibbon & Fanshawe, 1 989) .  Thus they are more 

heavi ly preyed upon (Fanshawe & FitzGibbon ,  1 993) ,  and form a large part of 

many predators' d iets .  

Temple ( 1 987) suggests that there are two possib le strateg ies that predators 

may implement when hunting prey, in order to select disadvantaged ind ividua ls :  

A p redator cou ld preferentia l ly attack substandard ind ividu als more frequently 

than normal ind ividuals because su bstandard ind ividuals may be conspicuous,  

and reveal thei r  a ltered cond ition by some cue that the predator learns to 

associate with an easy capture , as outl ined above . Alternatively, a predator 

may attack substandard and normal ind iv iduals in  proportion to their occu rrence 

i n  the population ,  but the success rate with su bstandard ind ividua ls cou ld be 

h igher. Wh ich of the two strategies actua l ly occurs is unknown; however, a 

mixture of both strategies cou ld be possib le.  This concept needs further 

research . 
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2. 2. 1.4 Behaviour changes 

The time an a ni ma l  spends in v ig i lance behaviour may also be used by 

predators to assess prey cond ition .  Vig i lance is the term used to describe the 

u pright search ing  posture that animals adopt to su rvey their environment for 

potential danger such as predators. Animals forag ing alone tend to remain 

close to covered areas such as bush,  so that they can escape qu ickly. When 

an imals forage i n  groups,  i nd ividua ls take turns at being vigi lant ,  a l lowing the 

majority of the g roup to feed . G roup an imals such as sheep become less 

vig i lant as group  size increases (Frid , 1 997) .  The group as a whole benefits 

from th is ,  as they are able to safely forage more efficiently, in riskier, open 

areas. A more vigi lant ind ividual  m ight be safer, but excessive vig i lance may 

a lso bring an u nnecessary loss of feed ing opportun ities . 

By selecting the least vig i lant ind ividua ls i n  a grou p,  predators a re pred icted to 

increase the i r  hunting success for two reasons (F itzG ibbon , 1 989) :  F i rst, such 

an imals are l i kely to react more slowly to the predators ' fi nal  attack. Second ,  

s ince animals facing starvation are expected to maximize energy inta ke by 

spending more t ime feed ing at the expense of other activities, in particu lar  

vigi lance, less v ig i lant an imals may be in  worse cond ition ,  and therefore less 

able to escape the advances of a predator. 

2.3 The Response Of Prey Animals To Threatening And 

Non-Threatening Stimul i .  

I n  the previous section the  abi l ity of predators to select d isadvantaged prey was 

d iscussed . In th is section the abi l ity of prey an imals to d istingu ish between 

threatening and non-threatening stimu l i  wi l l  be d iscussed . If prey an imals are 

able to d istingu ish between such stimu l i ,  it is possible they are a lso able to a lter 

their behaviou r  in response to these stimu l i .  

The l iterature based on the response of  p rey an imals to a range of threaten ing 

stimu l i  is sma l l .  Stud ies i n  th is  area a re general ly concerned with the fear  

responses of p rey animals (Bouissou & Vandenheede, 1 995; Erhard ,  2003) .  l t  
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has been shown that prey animals can d ifferentiate between threaten ing and 

non-threaten ing stimul i .  For  example,  Hansen et  a l .  (2001 ) fou nd that when 

shown a l ive dog , sheep took longer to behave normal ly again (to show no 

interest in  the test apparatus anymore) in  comparison to a huma n ,  a novel 

stimu lus ,  and three stuffed predators (bear, wolverine and lynx). Th is is in 

accordance with Mortensen ( 1 990, cited in Hansen et al. , 2001 ) ,  who fou nd that 

ewes were more attentive , showed a h igher heart rate , and had a longer and 

faster fl ight reaction towards a wolverine model on a trolley than towards the 

trol ley alone. S heep that were presented with a dog, a human ,  a goat and a 

cardboard box exhibited the h ighest fearfu lness scores in relation to the dog 

(Beausolei l et a l . ,  2005). In add ition ,  Tam mar wal labies exhibited more foot 

thumps, which are considered the h ighest level of antipredator behaviour ,  when 

shown a model fox than to other stimu l i  (B iu mste in ,  Danie l ,  Griffin ,  & Evans ,  

2000). The resu lts of these stud ies ind icate that prey animals are ab le  to 

d ifferentiate between stimu l i ,  and that their reactions change depending on how 

much of a threat they view the stimu lus to be. 

2.3 . 1  Masking  behaviour  

As an evolutionary adaptation , an imals may not exhibit behaviou rs associated 

with pain (Underwood , 2002),  or injury. Th is behaviour may be cal led masking 

behaviour .  Some an imals may freeze i n  response to a predator, wh i lst others 

may flee, h ide,  or fight back. The su rvival of a prey animal thus depends on its 

abi l ity to d iscover the predator, freeze , defend itself, or flee. 

Some animals normally considered as prey species may show min imal outward 

signs of pain ,  and hide or remain motion less if attacked and inju red . Others 

however,  may attempt to escape, especia l ly from where the pain was 

experienced , and travel rapidly for some d istances in spite of severe inju ry 

(Short ,  1 998). Mortensen ( 1 990, cited i n  Hansen et a l . ,  2001 ) found when us ing 

a wolverine predator model that fl ight is the most common response among 

sheep, and that sheep i n  flocks respond earl ier than solitary ind ividuals .  
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Domestication and the degree of social ization an an imal has experienced may 

i nfluence the level of overt behaviour an animal wi l l  d isplay in  response to pa in 

(L ivingston ,  1 994, cited i n  Conzemius et  a l . ,  1 997).  Moreover, d ifferences in  

behaviour may not be solely attributed to predator influence. If an  ind ividua l  is  a 

h igh ranking an imal in its social group ,  it may be i n  its best i nterest to h ide pa in 

o r  any s ign of compromised abi l ity from threatening conspecifics , in an attem pt 

to maintain  resources such as territories and mates. 

Animals in  pain behave in d ifferent ways depending on the s ite, severity and 

type of injury involved . However,  an imals also behave in  a species-specific way 

(Fiecknel l ,  2000). Some species may show obvious pain-related behaviour,  

such as loud vocal izations .  For these an imals it  may be advantageous to 

encou rage the help of conspecifics . Parents may he lp individuals who are 

attacked or in  pa in .  I n  these circu mstances d istress s ignals would be adaptive 

when pain resu lting from a n  injury is felt (Dobromylskj i  et a l . ,  2000). For other  

species, pa in  is  not expressed , even though i t  may be felt, because expressing 

such overt behaviour wou ld  simply alert predators that they were less f it and 

hence easy prey (F ieckne l l ,  2000) .  As a result , these animals do not voca l ize 

when i nju red (Broom,  2001  ) .  Therefore, in some cases signal l ing internal states 

may be maladaptive. For example primates might be particularly vul nerable to 

predation when giving b i rth ;  although there are many ind ications that th is 

process is painfu l ,  i t  is rarely accompan ied by vocal izations (Lefebvre & 

G ianca rlo ,  1 985, cited in  Weary & Fraser, 1 995) .  I n  addition ,  a horse with a 

broken leg may graze normal ly (Bateson ,  1 991  ), or  flee as if noth ing is wrong .  

Physiolog ical ly ,  animals may not exh ibit cl in ical s igns  of pa in  in it ial ly , because 

of the secretion of natural ly occurring analgesic opioid peptides. This is a 

natu ral  mechan ism enabl ing the severely injured a n imals to escape and not to 

have overt responses that would make them vu lnerable to predation (An i  I et a l . ,  

2002) .  

If overt pain-related behaviour is expressed , then the an imal may mask this 

behaviou r  when it  is aware of being observed . An imals may a lso change their 

responses in a fami l iar  envi ronment, and express less pain-related behaviou r  
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than when in an u nfami l iar environment (Dobromylskyj et al . ,  2000). I n  a 

veterinary setting ,  this masking of pain behaviour makes assessment of an 

an imal 's condit ion problematic. 

The l iterature is scarce on the masking of pain behaviou r; however it is often 

assu med that an imals do mask thei r  behaviour in certain s ituations.  F rom the 

l ittle evidence there is, it is qu ite possible that animals can alter their behaviour 

accord ing to d ifferent situations, includ ing h id ing behaviou rs that may make 

them more vu lnerable to predators . But these presumptions need to be tested , 

and further research is requ i red , as they have major impl ications concerning 

an imal welfare and the way an imal  pain is  currently regarded . If an imals do not 

exhibit pain-related behaviour fol lowing a pa infu l experience in the p resence of 

a predator ,  then it may be d ifficult to use behaviour to assess whether  certa in 

p rocedures a re pa infu l ,  and whether analgesics are working effectively. 

Because observ ing overt behaviour is the most commonly used method of 

assessing an ima l  pa in ,  the possibi l ity that a n imals can mask pain resu lts i n  

problems in  the u se of this method of assessment of pa in .  

2.4 Responses to Predators and Sti m u l i 

2 .4 . 1  Sheep and  their  predators 

The anti-predator behaviou rs of sheep can be broadly d ivided into those 

responses that a re el icited by the presence of a predator, and those that have 

evolved to redu ce the chances of detection and capture (Dwyer, 2004 ). I n  some 

cases, the same behaviour may be involved in both responses. 

Predators of wi ld and domestic sheep include lynx ,  mounta in  l ions ,  coyotes ,  

d ingoes, wolves , wolverines, foxes, brown bears , eagles and other predatory 

b i rds  (Hansen et a l . ,  2001 ; Dwyer, 2004 ) .  I n  addition , domestic dogs a re widely 

documented as predators of sheep (Boggess, And rews, & Bishop, 1 978;  Robel ,  

Dayton , Henderson, Meduna,  & Spaeth , 1 981 ) .  Predators preferentia l ly ki l l  

lambs ,  juveni les ,  females , and ind ividua ls with reduced locomotor capabi l it ies i n  
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wild and domestic sheep populations (Giuesing, Balph ,  & Knowlton ,  1 980) .  

Coyotes prey d isproportionately on lambs that behave abnormal ly (e .g .  l imping,  

hunched, letharg ic) ,  on lambs from ewes that are not healthy, and on s ing le 

rather than twin lambs (G iuesing et a l . ,  1 980) .  Healthy lambs that are ki l led 

general ly d isplay more investigatory and playful behaviou rs than their s u rviving 

cou nterparts (G iuesing et a l . ,  1 980). In general ,  predators appear to prey most 

heavily on an imals that are on the periphery of the social group (Dwyer, 2004 ) .  

From these find ings ,  there appear to be at  least two important u nderlying 

factors influencing the survival of prey: socia l  status and impaired defence 

capabi l ity. G luesing et al .  ( 1 980) noted that d isabled lambs and d isabled or 

d iseased ewes lagged beh ind the flock and were observed on the periphery of 

the bed-ground . lt is possible that these an i mals are on the periphery of the 

grou p because their social status has decreased as a consequence of their 

poor health . This is supported by the find ings of Lynch & Alexander ( 1 973, 

cited in Dwyer & Bornett, 2004 ), who found that subordinate sheep were 

commonly at the back of the moving group,  and that these animals were l i kely 

to eat poorer qua l ity feed , lead ing to higher parasite burdens. In add ition ,  lambs 

with no abnormal ities from d isabled ewes may have been ki l led 

d isproportionately more than other lambs because they were l i kely to be on the 

periphery of the herd ,  and also because the i r  mothers were less able to defend 

them due to the i r  poor hea lth . Thus, the social group and perhaps social status 

is important in  m in imizing ind ividual predation r isk, and it seems l i kely that there 

wi l l  be strong selection pressure on prey species to appear behaviou ra l ly s im i lar  

to  the other members of the group since abnormal an imals are preferential p rey. 

2.4.2 Sheep behaviour in response to predation 

Sheep are a h igh ly vigi lant species and will normal ly flee when a threat is 

perceived . I nd ividuals are strongly l inked to the flock, and the in it ia l  movement 

of a few sheep may result i n  the whole flock moving away (Lynch et a l . ,  1 992 , 

cited in Wemelsfelder & Farish,  2004 ) . Sheep may use specific s ignals ;  

perhaps as 'pursu it deterrents' to i nform the predator that i t  has been detected . 
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These include snorts, o rienting towards the d istu rbance, stott ing, and stiff­

legged bouncing (Geist ,  1 97 1 ; Schal ler, 1 977) .  

U pon detecting a potential p redator or  other d isturbance, sheep typical ly show 

an 'alarm-postu re' (Geist ,  1 97 1  ) .  This is a statue-l i ke posture in which the 

an imal stares at and orientates its ears in  the d i rection of the d isturbance. The 

sheep may not immediately run away, but may walk  in  a stiff gait , with its head 

held up rigid ly. l t  may stop period ical ly, look at the source of d isturbance and 

strut on again .  lt may a lso stamp the ground with its front leg and b low sharply 

through its nose . This type of behaviour has the effect of d rawing the attention 

of other sheep, which wi l l  then cease their behaviour, and a lso express a larm 

(Geist, 1 97 1  ). If the threat persists , the animals wi l l  often come together as a 

flock, and run away. The formation of a group i n  the presence of a predator 

may occur as each an imal attempts to move towards the central position in the 

flock, as animals on the outside of the group are at a greater risk (Giuesing et 

a l . ,  1 980) ;  resu lt ing in a circl ing agg regation (Vine ,  1 971 , cited in Dwyer, 2004 ) . 

This ci rcl ing movement reduces the predation r isk of animals in  the centre of the 

herd if the predator is l ikely to k i l l  on ly the an ima l  fi rst encou ntered in  the g roup 

(Triesman,  1 975) ,  and i t  may red uce predator captu re efficiency through a 

confusion effect (Dwyer, 2004 ) .  

Wi ld sheep show strong antipredatory behaviou r (Geist, 1 97 1  ) .  They are 

pronounced flock a n i mals ,  shy, attentive and with qu ick fl ight reactions,  wh i le  

defending their offspring when necessary (Serge,  1 942 , cited in  Hansen et  a l . ,  

2001 ) .  I n  comparison to wild species, domesticated species show a reduced 

a lertness and attentiveness to the environment and reduced fl ight d istances 

(Price , 1 984; Hemmer, 1 990), but increased social behaviou rs (Kunzl & 

Sachser, 1 999, cited in  Dwyer, 2004) .  However, both mountain and domestic 

sheep wi l l  defend their young from the advances of smal l  predators such as 

crows and foxes by standing over their lamb (Geist, 1 97 1  ) . 

Wild and domestic sheep d iffer in  the amount they vocal ise. The survival costs 

of us ing vocal communication mea n  that wild sheep rarely use voca l isation as a 

signa l .  Voca l isations  in wild sheep appear to be inhibited in fear s ituations 
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(Ki ley, 1 972,  cited i n  Dwyer, 2004) ,  i n  which sheep i nstead rely on visual forms 

of communication . The vocal behaviour of domestic sheep in  comparison has 

increased in frequency with the degree of domestication (Ki ley, 1 972, cited i n  

Dwyer, 2004 ) . l t  i s  possib le that the frequency of vocal isation has increased 

because domestic sheep a re farmed in  larger groups ,  and this may requ i re 

more complex social s ignals (Berger, 1 979). Also, because the risk of predation 

is reduced in domestic sheep, there is no longer selection pressure aga inst 

vocal isation (Price , 1 984 ) .  Social isolation and feed ing times tend to i nvoke 

vocal isations in more intensively managed breeds of domestic sheep (Sh i l l ito­

Walser, Waiters , & Hague,  1 982) ,  but vocal izations tend to be inhib ited in other 

situations,  for example in the presence of a tethered dog (Torres-Hernandez & 

Hohenboken,  1 979). Th is  para l le ls the ·behaviour  of wild sheep in  the presence 

of a predator (K i ley, 1 972 ,  cited in  Dwyer, 2004 ) .  

2 .4.3 Responses of sheep to fear-el iciti ng situations 

The tendency of an imals to react to potentia l ly threatening events, specifica l ly 

by fearfu l ness, is an aspect ofemotional reactivity a nd temperament. Fea r 

reactions are obviously adaptative i n  the wi ld ;  however, intense or chron ic fea r 

reactions in breeding an imals can lead to reduced p roductivity and poorer 

welfare (Vierin & Bou issou , 2002) .  

A series of fear-el icit ing standard ised tests have been developed , and used to 

quantify a n umber of behaviours i nterpreted i n  terms of fear for sheep (Romeyer 

& Bou issou , 1 992) .  These tests use a combinat ion of stimu l i  classical ly 

reported to induce fear: isolation from conspecifics , a surprise effect, novelty, 

a nd the presence of a h u man .  When sheep were confronted with novel or 

u nexpected events u nder control led experimental cond itions, their response 

was characterised by i mmobi l isation ,  glancing at the stimulus ,  sh ivering and 

foot-stamping , defecation ,  high-pitched bleats , low levels of feed ing, h igh levels 

of locomotion , and repeated attempts to escape the enclosure (Romeyer & 

Bou issou , 1 992; Vandenheede, Bou issou,  & P icard ,  1 998). 
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Duri ng rout ine husbandry ,  such as shearing, gathering ,  and handl ing ,  sheep are 

usual ly  moved using fear-evoking stimu l i  (Gonyou , 2000; Hutson , 2000). Many 

sheep, particularly those kept under extensive cond itions are worked with dogs, 

usual ly for herd ing rather than for guard ing (Coppinger & Coppinger, 2000) ,  

often with other frightening stimul i ,  to el icit a fl ight response. The p resence of a 

dog or recorded dog barking is used as a stressor i n  experimental stud ies and 

cau ses e levations in  plasma cortiso l ,  ACTH,  heart rate and body temperatu re 

above those observed u pon exposure to humans and noise (Harlow et a l . ,  

1 987 ;  Baldock & Sibley, 1 990; Cook, 1 996; Komesaroff et a l . ,  1 998,  cited i n  

Dwyer & Bornett, 2004 ) .  Beausolei l  e t  a l .  (2005) found that sheep were highly 

v ig i lant, exh ib ited l ittle exploratory behaviour and foot-stamped when a dog was 

present in  an arena test (Beausolei l et a l . ,  2005). In contrast, sheep explored 

the arena frequently in the presence of a human, a ca rdboard box, or a goat. I n  

the presence of the box, th is exploration was also extended to the stimu lus .  

Furthermore ,  in the presence of the goat, sheep were highly voca l ,  and often 

sn iffed the goat. These find ings demonstrate that sheep regard dogs as 

predators , and are able to d istinguish between threatening and non-threaten ing 

stimu l i .  

Several factors affect how an animal perceives a stressor and the  type of 

response i n itiated by an an ima l .  On the basis of factors identified by Moberg 

( 1 985),  examples from the l iteratu re of how the physiolog ical and behaviou ral 

responses of sheep to stressors vary with these factors are g iven below: 

2.4.3. 1 Experience 

S heep qu ickly learn to associate u npleasant experiences with places, people or 

aud itory stimu l i  (Fel l  & S hutt, 1 989;  Rushen , 1 996; Mears et a l . ,  1 999, cited in 

Dwyer, 2004 ) ,  and they show long-term avoidance of these stimu l i  (Hutson ,  

1 985,  cited in  Dwyer, 2004 ) .  This behaviour i s  not exhibited b y  na"ive an imals .  

The abi l ity to rapidly learn about u npleasant stimul i  is  highly adaptive for a prey 

a n imal ,  a nd might aid survival through avoidance of places where predators 

have been encountered (Dwyer, 2004 ) . Schal ler ( 1 977) suggested that the 
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experiences of wild sheep may alter their responsiveness to predators. By 

watch ing the behaviour of p redators, prey animals may be able to assess the 

l i ke l ihood of attack. Obviously, it is adaptive for prey animals to respond only to 

d efin ite threats , rather than to expend valuable energy and forego foraging 

opportun it ies i n  unnecessary fl ight (Dwyer, 2004 ) .  In domestic sheep , adu lt 

ewes responded with avers ion to images of dogs ,  whereas you ng lambs d id not 

( Porter & Boussiou , 1 999) ,  suggesting that the lambs had not yet had enough 

experience with dogs to l ink unpleasant associations  to these i mages ( Dwyer,  

2 004) .  

S heep are ab le  to recogn ise  the faces of sheep of  the same breed , fami l ia r  

an imals,  dogs and humans (Kendrick & Ba ldwin ,  1 987 ;  Kendrick, 1 991  ) .  

Although the faces of hu mans and dogs are not physical ly s imi la r, they appear 

to represent a s imi lar threat to sheep (Kend rick & Baldwin ,  1 987) .  However, 

Peirce, Leigh ,  DaCosta , and Kendrick (2001 ) showed that the sheep's bra in 

responds to socia l ly fami l i a r  sheep as i t  responds to images of fami l iar 

stockpersons ,  but not to images of other humans. S heep can d istinguish 

between d ifferent handlers on the basis of their previous experience (Fel l  & 

Shutt, 1 989;  Boivin et a l . ,  1 997; Davis et al . ,  1 998 , cited in  Dwyer, 2004).  

Furthermore , guard dogs have been effectively used to guard sheep flocks 

(Andelt & Hopper, 2000 , c ited in  Dwyer, 2004 ), suggesting that sheep may view 

some dogs d ifferently depending on their experience of them (Dwyer, 2004 ). 

Thus ,  the way sheep view potentia l  predators appears not to be innate , but is 

instead dependent on the previous experience of the sheep (Dwyer, 2004 ) ,  

ind icating that sheep have long-lasting memories for both negative and positive 

experiences (Rushen , 1 990;  Grand in ,  1 997) .  

2.4.3. 2 Genotype 

Sheep of d ifferent breeds tend to react to stressors in d ifferent ways, some 

more severely than others and there are many ind ividual variations in the stress 

response within breeds (Cockram,  2004 ) . For example, less h ighly selected 

breeds a re more fearfu l  than are h ighly selected breeds - they make more low-
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pitched but less h igh-pitched b leats in the test arena,  feed less often in the 

presence of an observer, a re more immobi le, and u rinate or defecate more 

frequently (Romeyer & Bou issou ,  1 992 ; Le Neindre et a l . ,  1 993;  Lanki n ,  1 997,  

cited in  Dwyer, 2004 ) .  I n  the presence of stuffed predators, more primitive 

l ightweight breeds of sheep have g reater fl ight d istances, tighter flocking 

behaviour and a longer recove ry time than more highly selected heavier breeds 

(Hansen et a l . ,  200 1 ) .  The less selected h i l l  and upland b reeds or more 

p ri m itive breeds appear to have a greater reactivity to the same stressor and 

take longer to recover than more highly selected heavier breeds (Dwyer, 2004 ) .  

To further i l l ustrate this point, Vierin & Bou issou (2003)  found that Romanov 

( " l ight" breed ) sheep were more fea rfu l than l le-de-France ("heavy" breed ) 

sheep when subjected to the fear-el icit ing tests developed by Romeyer & 

Bou issou ( 1 992 ) .  

2. 4.3. 3  Sex and Age 

The responses of sheep to stressfu l stimu l i  may d iffer as a consequence of the i r  

age or thei r  sex .  For instance ,  Connol ly et a l .  ( 1 976, cited i n  Cockram,  2004) 

fou nd that rams behaved d ifferently in  response to coyote predation than ewes. 

Th is has been supported by other stud ies, which have fou nd ewes to be more 

fearfu l than rams (Vandenheede & Bou issou,  1 993; Vierin & Bouissou , 2003). 

I n  addition ,  ewes and juveni les are more l i kely to flee from a predator threat 

than are male sheep (Bieich , 1 999 , cited in Dwyer, 2004) ,  and ewes are more 

v ig i lant than males (Schal ler ,  1 977; Laundre et a l . , 2001 , cited i n  Dwyer, 2004) .  

S ince predators preferential ly select females and juven i les , these behavioura l  

responses suggest that the sheep are responding to the relative risk of 

p redation (Dwyer, 2004 ) .  

Juveni le Bighorn sheep ( Ovis canadensis) are more l ikely to  flee in  the 

presence of predators than a re older sheep (Bieich , 1 999, cited in Dwyer, 

2004 ) .  This suggests that you ng sheep are probably more fearfu l than older 

an imals of stimu l i  associated with predation (e.g. the presence of human 

observers) .  Experimenta l data from domestic sheep support th is ,  s ince older 
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ewes have lower 'panic' reactions to humans than do younger ewes 

(Van denheede et a l . ,  1 998) ,  are less l i kely to flee when their  lambs are hand led 

by an observer (Lambe et a l . ,  2001 , cited in Dwyer, 2004), and are less reactive 

to h u mans in tests. Furthermore ,  three- to fou r-month old lambs are more 

fearfu l than five- to six-month old lambs (Vierin & Bouissou , 2003). These 

resu lts contrast with the find ings of Porter & Boussiou (1 999), as mentioned 

earl i e r, who suggested that lambs may not have had enough experience with 

dogs  to l ink unpleasant associations with images of dogs. 

2. 4. 3.4 Physiological State 

Physiologica l changes during  the reproductive cycle such as p regnancy, 

partu rit ion and lactation can resu lt in altered reactions to stress in sheep 

(Cockram,  2004 ) . Sex hormones may also alter the fear reactions of an imals .  

Pregnant l le-de-France ewes exhibited reduced fea rfu lness in  comparison to 

controls ,  and it is thought that this decreased fearfu lness has adaptive va lue for 

the survival of the i r  young (Vierin & Bou issou , 200 1 ). During pregnancy, ewes 

are more l i kely to forage i n  areas contain ing better grazing to meet their  

increased nutrit ional demands (Dwyer, 2004 ) ;  even if  the risks of predation are 

g reater i n  these areas (Berger, 1 991  ) . At the onset of b i rth however, pregnant 

ewes retreat to secluded parts of their home range where predation risks a re 

m i n imised (Geist, 1 97 1 ; Schal ler, 1 977). Some days after the b i rth , ewes a nd 

the i r  lambs rejoin the flock but remain in  close proxim ity to escape terra in 

(Berger, 1 99 1  ) ,  and remain more vigi lant than non-lactating ewes (Dwyer, 

2004).  

Ewes with lambs may display aggressive behaviours towards shepherds and 

dogs, and wil l  mainta in a close proximity to their lambs at the approach of a 

h u man (O'Connor, Jay, N icol , & Beatson ,  1 985) .  These responses may resu lt 

from either a reduction in fearfulness or an increase in  aggression (Lawren ce et 

a l . ,  1 998, cited in  Dwyer, 2004), and provides a striking contrast to the 

behaviour of non-lactating sheep to stressfu l stimu l i  (Dwyer, 2004 ) .  Maternal 

experience a lso influences the fearfulness of sheep. Vierin  & Bou issou (2002) 
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com pared the fear reactions of three types of sheep - those that had not raised 

a lamb ,  those that had raised one lamb and those that had raised one or more 

lambs .  Having one lamb sign ificantly reduced the fear reactions of ewes, but it 

was the combination of several maternal experiences and age that appeared 

necessary to reduce the fear  of humans (Vierin & Bou issou , 2002). 

In add ition ,  sex hormones may alter the fearfu lness of sheep ,  fol lowing the 

find i ngs that wethers are more fearfu l than rams (Vandenheede & Bou issou , 

1 996) ,  and that testosterone treatment reduces fear reactions of ewes 

(Va ndenheede & Bou issou , 1 993). 

2 .5  Responses to Painfu l Stim ul i  

There are three types of  scientific protocol that can be used to determine how 

a n  an imal responds behavioura l ly to d ifferent painfu l  stimu l i ,  wh ich behaviou rs 

i nd icate pain ,  and to evaluate the severity and al leviation of pain .  These are :  

( 1 ) Observational stud ies where animals are subjected to specific painfu l 

t reatments , or  injured or d iseased an imals are compared with control groups 

a nd groups receiving effective analgesia; (2) Tria ls wh ich measure the response 

of treated and control an imals to defined painfu l pressu re , thermal or electrical 

stimu l i ;  and (3)  Preference stud ies where an imals are a l lowed to choose pa infu l 

o r  non-painfu l treatments or to self-medicate with an ana lgesic to al leviate pa i n .  

Two of these three protocols wi l l  be reviewed here .  Observational stud ies on  

lambs after castration and  ta i l  docking ,  and the change in  thresholds to 

m echan ical pressure stimu l i  wi l l  be reviewed as examples of ( 1 ) and (2) 

respectively. 

2.5 . 1  Sheep and their response to castration and tai l  docking  

Lamb castration and tail docking are common husbandry procedu res, and  are 

u sual ly performed on lambs at three to six weeks of age. Ram lambs are 
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castrated to avoid aggressive behavioural  p roblems and ind iscriminate b reed ing 

(Lester ,  Mel ior, Ward ,  & Holmes, 1 991  ) ,  whi lst ta i l  docking is  performed to 

decrease the prevalence of fly strike (Lester et a l . ,  1 99 1 ) by keeping the tai l  

a rea free of faeces. There are many methods that can be u sed to castrate and 

ta i l  dock lambs, i ncluding rubber r ings, burd izzo c lamp or bloodless castrator, 

searing and cutting using a heated docking iron (ta i l  docking on ly), or surg ical  

removal .  The rubber ring method is one of the most common methods of 

castration and ta i l  docking (Thornton & Waterman-Pearson , 2002), in both the 

UK (Archer, Johnston ,  & Khal id ,  2004) and NZ. This techn ique is popu lar  with 

farmers as it is qu ick, easy, economical and effective (Archer  et a l . ,  2004 ). 

Castration and ta i l  docking ,  which are known to cause distress and pa in ,  are 

performed without anaesthesia o r  analgesia (Pol lard ,  Roos, & L ittlejohn ,  200 1 ) .  

Th is has ra ised concerns regard ing the welfare of the lambs involved.  I n  

response to th is issue, over the last fifteen years, the pa in- induced d istress 

caused by castration and tail docking methods has been investigated 

extens ively in lambs (Lester et a l . ,  1 991 ; D inn iss, Mel ior, Stafford , Bruce, & 

Ward ,  1 997; Thornton & Waterman-Pearson ,  1 999; Molony et a l . ,  2002) .  

Various measures have been u sed to assess the level of pain experienced by 

lambs fol lowing castration and tai l  docking .  These include physiolog ical and 

behavioural  measures. 

2. 5. 1 .  1 Physiological measures 

A rise in  plasma cortisol concentration is a commonly used physiolog ical 

ind icator of pain .  Measurement of plasma concentration of cortisol have shown 

that castration p roduces i ncreases in cortisol concentrations s ign ificantly g reater 

than in control lambs, and that surgical  castration produces a greater peak and 

d u ration of cortisol increase than rubber ring castration (Lester et a l . ,  1 99 1 ; Kent 

et al . ,  1 993) .  U nfortunately, to measure physiological ind ices such as plasma 

cortisol concentration , the col lection of blood samples is necessary, and 

i nvolves handl ing the animals.  Handl ing a lone has been fou nd to induce stress 

and to lead to an artificial rise in the level of plasma cortisol (Haresign ,  Wi l l iams, 
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Khal id , & Rodway, 1 995; Khal id ,  Haresign ,  & Brad ley, 1 998 ; Jongman, Morr is, 

Barnett, & Hemsworth ,  2000).  In comparison ,  the assessment of pain through 

the monitoring of behaviour  avoids additional variables result ing from handl ing.  

The selection of a ppropriate parameters is a lso relatively straightforward as a 

resu lt of the extensive stud ies and classifications of both normal and abnormal 

behaviou r in  sheep (Mel ior & Murray, 1 989). Furthermore , at least one study 

has fou nd active pa in  behaviou rs to be more successfu l in  d iscriminating 

between the severity of painfu l treatments than the measurement of p lasma 

cortisols (Molony & Kent, 1 997) .  

However, i t  is necessary to  use physiologica l ind ices of d istress intensity, such 

as cortisol responses , in order to i nterpret behaviou ral  observations because no 

single parameter of either behaviour  or physiology is sufficient to make an 

objective assessment of the level of pain being experienced by the an imal . In 

add ition ,  when the two measu res are used together, the resu lts can be 

val idated against each other. 
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2. 5. 1 . 2  Behavioural measures 

Behaviou ral and postural  ind icators have been used to define the pain response 

in lambs fol lowing h usbandry proced u res (Mel ior & Murray, 1 989;  Molony & 

Kent, 1 997;  Thornton & Waterman-Pearson ,  1 999; Molony et a l . ,  2002).  

Behaviou rs commonly associated with castration and tai l  docking i n  lambs 

include l icking or bit ing the site of damage, l ip-curl ing, and i ncreased activity 

such as pacing ,  rol l i ng ,  writh ing,  j umping, kicking ,  stamping and ta i l -wagging 

(Molony & Kent, 1 997;  Dinn iss et a l . ,  1 999; Thornton & Waterman-Pearson ,  

1 999). There i s  a n  increased frequency of abnormal behaviours and abnormal 

postu res in  castrated lambs compared to control lambs. Behaviours such as 

those l isted above a re otherwise rarely exh ib ited by lambs , and a re therefore 

regarded as signs of d iscomfort and d istress associated with pa in (D inn iss et 

a l . ,  1 999) .  

Behaviou r  that reflects attempts to escape or  e l iminate a perce ived threat may 

be regarded as a specific ind icator of pa in ,  and furthermore , the level of 

behaviou ral agitat ion associated with these actions may reflect the severity of 

the experience (Molony & Kent, 1 997) .  Therefore , the more intense the pa in ,  

the more vigorous the attempts to escape or  e l iminate its sou rce shou ld 

become (Molony & Kent,  1 997 ) .  Lambs soon become tired of try ing to escape 

the pa i n ,  and this leads them to a lter their  strategy to more passive ways of 

avoidance (Molony & Kent, 1 997) .  Fol lowing castration and tai l  docking ,  lambs 

adopt a bnormal postu res and wa lks ,  inc luding stand ing with a hunched back, 

lying with legs fu l l y  extended , and walking with an unsteady ga it .  They 

increasi ngly refra i n  from active movement, and sometimes stand or l ie 

com pletely sti l l  (Molony & Kent, 1 997) .  Lambs exh ibiting these behaviou rs may 

lack a lertness and fa i l  to exh ib it normal fl ight behaviour; they appear d rowsy 

and apathetic and do not respond to vigorous nudging by the ewe (Molony et 

a l . ,  1 993;  D inn iss et a l . ,  1 999; Thornton & Waterman-Pearson ,  1 999) .  Molony 

et al .  ( 1 993) suggest that stand ing  or  lying sti l l  may reduce the intens ity of pain  

because a lack of  movement m in im ises stimulation of damaged and sensitised 

tissues. So in this case, the more intense the pa in ,  the more sti l l  and inert the 
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a nimal wou ld become, whi le switching off its normal levels of sensory 

responsiveness.  

The behaviou ral expression of pa in i n  sheep can be separated into two d istinct 

components: a n  expression of struggle a nd nervous  agitation ,  d i rected at the 

perceived sou rce of pai n ,  a nd ,  at a later stage, the adoption of a more passive 

strategy as the an imal appears to g ive u p  the fight.  In this area of research , the 

qual itative assessment of pain behaviou r plays an important role  and has been 

successfu l ly  a ppl ied as a measurement tool .  

Thornton and Waterman-Pearson ( 1 999) developed a comprehensive visual 

analogue sca le (VAS ) to study the d ifferent types of pain related behaviour of 

lambs fol lowing castration .  This scale used a more qual itative approach , 

assessing three types of behaviour :  active pain behaviou rs such as l ip-cu rl i ng ;  

the response of lambs to  interactions with the observer; and the an imal 's 

response to palpation of the scrota l area . The resu lts from th is sca le gave more 

deta i led information about the behaviou r of lambs than observations of active 

pain behaviou rs a lone, which had been favou red by previous researchers 

(Molony et a l . ,  1 993; Lester et a l . ,  1 996; Dinn iss et al . ,  1 999). I n  add ition ,  these 

ratings effectively d istingu ished between the an imal 's  response to d ifferent 

castration methods (appl ied with or without anaesthetics), which suggests that 

they were rel iable and sensitive ind icators . A s imi lar  resu lt was ach ieved us ing 

qua l itative rat ing scales of post-operative pa in i n  cats (Cambridge, Tobias,  

Newberry, & Darkar, 2000) .  lt has been suggested that qual itative rating scales 

may be able to overcome many of the l im itations inherent in  conventional 

quantitative approaches (Thornton & Waterman-Pearson ,  1 999) .  

In order to evaluate alternative husbandry procedu res or implement pain  

m in im isation strategies, the welfare impact of these procedu res needs to be  

assessed objectively. Unfortunately, obtain ing objective measures of pain or  

pain rel ief is d ifficu lt. Active pa in behaviours have been used to investigate the 

painfu lness of castration and tai l  docking by various  methods ,  inc lud ing 

burd izzo and t ight rubber r ings (Molony et a l . ,  1 993;  Kent, Molony, & Robertson ,  

1 995; Molony et a l . ,  1 997) .  They have also been used to examine the i nfluence 
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of loca l  a naesthetic on reducing these painful behaviours fol lowing castration 

and tai l  docking (Wood et a l . ,  1 991 ; G raham, Kent, & Molony, 1 997 ;  Kent, 

Molony, & Graham, 1 998) .  However, d ifferent procedures generate d ifferent 

pai n  types,  and thus d ifferent quantities and qual ities of pa in .  The extent of the 

pain response of most treatments appears to be based upon the amount of 

tissue involved and the degree of enervation at the s ite, whereby ta i l  

docking<castration<tail d ocking and castration combined (Lester et  a l . ,  1 996; 

Molony & Kent, 1 997; Molony et a l . ,  2002). 

D ifferent h usbandry methods can also produce d ifferent expressions of the pain 

response. The use of rubber rings blocks blood flow, causing ischaemia and 

the death of t issue d istal to the ring (Rutherford , 2002).  This resu lts in  an 

increase in  abnormal behaviours and postures .  Surg ical husbandry treatments 

cause the greatest rise in physiological ind ices of pain (Mel ior & Stafford ,  2000) ,  

and result in  i ncreased abnormal postu res and a reduction in activity (Shutt, 

Fel l ,  Connel l ,  & Bel l ,  1 988;  Molony et a l . ,  1 993; Lester et a l . ,  1 996) .  The 

abnormal behaviours that follow castration or ta i l  docking ind icate that acute 

distress lasts for three and a half hours or less in ring-treated lambs,  and about 

eight hou rs in  surgical ly treated lambs (Lester et a l . ,  1 996; D inn iss et al . ,  1 997) .  

These resu lts therefore suggest that the use of rubber rings to castrate or ta i l  

dock lambs causes less overa l l  acute d istress than surgical castration (Lester et 

al . ,  1 996). 

The use of local anaesthetic in conjunction with methods such as rubber r ing 

castration and blood less castration has been shown to abol ish acute 

behavioural  a nd cortisol responses (Wood et a l . ,  1 991 ; Graham et al . ,  1 997 ; 

Molony et a l . ,  1 997; Kent et a l . ,  1 998;  Sutherland et a l . ,  1 999; Thornton & 

Waterman-Pearson ,  1 999) .  However, local anaesthetic was not successful i n  

el iminating the  reactions to surgical castration , but these reactions were 

effectively e l im inated by genera l  anaesthetic. 

lt has been suggested that the use of a rubber ring  and a d istal ly p laced 

bloodless castrator (wh ich crushes sensory afferents) is one of the most 

effective methods of reducing acute pain fol lowing castration (Molony et a l . ,  
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1 997) ,  and tai l  docking (Graham et a l . ,  1 997) .  This method redu ces the 

abnormal behaviours and postures as wel l  as the peak and duration  of the 

cortisol rise seen in lambs castrated by ru bber ring alone (Thornton & 

Waterman-Pearson ,  1 999) .  Conversely, the use of a local anaesthetic, e ithe r  

injected o r  needleless, was found to b e  more effective i n  reducing pain than the 

appl ication of the burdizzo or the clamp after appl ication of the rubber r ing,  

fol lowing the find ings that bloodless castrators do not el iminate pa in  generation 

whi lst the actual  procedu re is being performed (Sutherland et a l . ,  2000), and 

that they a re not as effective in reducing the pain of  lambs over one week of 

age (Mel ior & Stafford ,  2000). Furthermore ,  some farmers are u nwi l l i ng to use 

bloodless castrators due to the pain of appl ication ,  and the fl i nch ing reaction of 

the lambs each time the clamp is appl ied (Molony et a l . ,  1 997;  Mel ior  & Stafford , 

2000). 

Between breed d ifferences in the response of sheep to pain have a lso been 

stud ied . Archer et a l .  (2004) found that Charola is cross lambs were more 

active, had h igher respiration rates and took longer to recover than Suffolk  

cross lambs fol lowing castration and  rubber-ring tai l  docking.  These find ings 

suggest that d ifferent breeds of lambs experience d ifferent levels of d istress in  

response to the same husbandry procedu res. Alternatively, the resu lts may 

simply reflect a d ifference i n  the character and tem perament of  the b reeds 

stud ied . Further stud ies a re needed before any conclusions can be made, 

however if breeds do d iffer in their  response to pa in ,  categories of normal and 

abnormal behaviou r wou ld need to be a l located to each breed i n  order  to 

improve the accuracy of any future assessments (Archer et a l . ,  2004 ). Fro m  

what i s  known of the d ifferences of certa in  breeds to fear-elicit ing s ituation s  

based on the level of domestication of the breed (Hansen et a l . ,  2001 ) ,  it i s  

l ikely that breeds may d iffer in  thei r  response to painfu l stimul i  as wel l .  

2.5.2 Sheep and their response to mechanical stimul i  

Mechanical a nd thermal stimu l i  have been used to study acute a nd chron ic pa in 

in animals (Ley, Livingston ,  & Waterman , 1 989; Welsh & Nolan ,  1 995;  

36 



Chapter 2 Literature Review 

Lascel les, Cripps ,  M irchandani ,  & Waterman,  1 995; Thornton & W aterman­

Pearson ,  1 999) .  An exam ple of a mechan ical stimulus is a pneumatic pressure 

d evice that g radua l ly pushes a blunt p inhead aga inst the skin of the a n imal 's 

leg.  The th reshold response to this stimulus is a clearly defined l ifting of the leg. 

In comparison ,  an  example of a thermal stimulus is a heating u n it and a 

thermocouple positioned on the an imal 's body. I f  the thermocouple is 

positioned on the an imal 's ear, using an ear-cl ip ,  for example, the d evice 

d el ivers heat i nto the ear, and an ear-fl ick or shaking of the head d efines the 

response point. 

Stud ies have fou nd that an an imal 's threshold to these mechan ical or  thermal 

stimu l i  change in  response to chronic pain . This change ind icates an alteration 

in nerve function or in nociceptive processing at a h igher level (Nolan ,  2000). 

I ncreases and decreases in  noxious mechan ical or thermal thresholds are 

i nterpreted as decreases and increases in  sensitivity to mechan ica l or thermal 

stimu lation respectively. By assessing the changes in nociceptive thresholds,  

the presence of hypoalgesia or hyperalgesia fol lowing proced u res such as 

castration can be identified . 

Thornton and Waterman-Pearson ( 1 999) found that rubber r ing castration of 

l ambs d id not s ign ificantly alter the threshold to a mechanical stimu lus ,  however 

surgical castration , or castration by a combination of rubber ring and clamp 

produced red uced nociceptive thresholds for seven and fou r  hours after 

castration respectively. Sheep with severe lameness have a s ign ificantly 

reduced threshold to mechan ical nociceptive stimu l i  than healthy controls .  

However, there was no d ifference in  the mechan ical thresholds of less severely 

affected sheep and healthy controls (Ley, Waterman , & Livingston ,  1 995) .  The 

hyperalgesia of severely affected sheep was fou nd to persist for at least three 

months, even though the sheep d id not appear to be lame (Ley et a l . , 1 995) .  

The thresholds of lame dairy heifers to a mechanical stimulus tested on the leg 

decreased d u ring the post-partum period , but the response to a thermal 

stimulus appl ied to the ear was u naffected (Whay, Waterman , & Webster, 

1 997) .  Therefore, lameness causes hyperalgesia to mechanica l  stimu l i  i n  
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sheep and cattle .  I nterestingly, hyperalgesia to a thermal stimu lus  is  induced 

fol lowing abdominal surgery in sheep but not to a mechan ical stimu lus when the 

stimu l i  were app l ied to the ear or leg respectively (Welsh & Nolan ,  1 995) .  

The measu rement of the nervous response to a painfu l stimu lus has been 

widely used as a means of testing the analgesic efficacy of d rugs in  an ima ls  

(Ley et a l . ,  1 995) .  The thresholds to noxious mechan ical stimu l i  i n  sheep with 

footrot were lower than in control an imals ,  but they returned towards normal 

values after a local  anaesthetic block (Ley et a l . ,  1 989) ,  suggest ing that a 

peripheral  noxious input p lays a role in  the hypera lgesia detected . 

2 .6 Concl us ions 

I n  th is review, it has been shown that an imals do feel pa in ,  and that pain can be 

i nferred from measu rements of behaviour ,  and phys iolog ical data . Observ ing 

behaviour is the most commonly used method of assessing pa in .  However, 

physiological i nd ices can i ncrease the value  of behaviou ral observations as an 

a lternative means  of val idation ,  and as a means of adding objectivity. 

Various approaches have been implemented to study and assess an imal 

behaviour in re lation to pai n .  These inc lude the use of pa in scales ,  motivation 

tests , observations of behaviour fol lowing treatment, ind ividual  and species­

specific responses to pain and using analgesics and anaesthesia.  

Whi lst pain scales have been effective in  the evaluation of human pain ,  they 

have proven to be u nrel iab le in animals.  The basis of the concept is good ; 

however, more research is  requ i red to make a mu ltid imensiona l  pa in  scale that 

removes i nter-observer variabi l ity. Motivation tests have a lso been used to 

evaluate pain i n  animals .  The extent to which an animal responds to noxious  

stimu l i  may a lso be  an ind ication by  inference, of the pa in  experienced . 

Animals have been trained to avoid painfu l stimu l i  such as electric shocks, and 

other stud ies have shown that an imals can choose to self-admin ister analgesics 

when they develop chron ic painfu l cond itions. I n  some studies of pa in ,  opera nt 
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m ethods have been used to test the motivation of an animal to escape or avoid 

a noxious stimu lus .  

In  add ition , i t  i s  possible that behaviour may indicate noxious sensory i n put and ,  

by inference, pa i n ,  i f  i t  is exhibited by treated an imals during or after treatment, 

but not by control an imals .  ( Dinniss et a l . ,  1 999). 

Behaviour associated with pain often appears very specific to the species 

i nvolved , and to d ifferent types of pain (Lester et a l . ,  1 996; D inn iss et a l . ,  1 999). 

l t  is important i n  the d iagnosis of pain i n  an imals to appreciate the species, 

b reed and ind ividua l  d ifferences in  their response to i njury (Short, 1 998) .  

Analgesics and anaesthetics can also be usefu l  in  the assessment of pai n .  lt is 

possib le to use behaviou r to identify nociception and by inference, pain , if 

effective local anaesthesia or ana lgesics return behaviour levels close to those 

exhi bited by control an imals (D inn iss et a l . ,  1 999).  

Evidence has been shown that suggests predators do  attack d isadvantaged 

p rey as stated by the veterinary and ecology l iteratu re .  How predators select 

the i r  prey can be a result of hunting methods used by the predator, or the 

p hysical appearance or behavioural  changes exh ib ited by prey. 

W hether a predator preferentia l ly attacks substandard ind iv iduals more 

frequently than normal ind iv iduals because their a ltered cond ition can be easi ly 

d etected by the predator, or  whether a predator may attack substandard and 

normal ind ividua ls  in  proportion to their occu rrence in  the population,  but have a 

h igher success rate with substandard ind iv iduals is not known . 

Prey animals are able to d ifferentiate between stimu l i ,  and these responses do 

change in  relation to the level of threat the stimu l i  pose to the an imal .  

However, there is  no val id support for the claims of the veterinary and ecology 

l iterature surround ing the masking of pain behaviour by prey an ima ls .  There is 

a gap in  the l iterature as to whether an imals wi l l  mask pain in relation to the 
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presence of a predator. From the l ittle evidence avai lable , it is  qu ite possible 

that some an imals can mask their pain or i njuries in the presence of a predator. 

This masking behaviour can include the suppression of vocal izations in relation 

to a painfu l occurre nce, and it may determine whether an an ima l  decides to 

flee,  freeze or defend itself in any g iven circu mstance. This area needs to be 

fu rther researched before the b lanket claim of suppression of pa in  behaviour 

can be val idated . 

Sheep have a large number of natural  predators , and they ma inta in  a specific 

set of behaviou rs to use in relation to the presence of a predator, no matter 

whether they are wi ld or domesticated. These behaviours include the formation 

of groups, foot stamping, snorting , orienting towards the stimu lus and fleeing .  

Sheep view dogs (and related species such as wolves) as  predators , and sheep 

can d istinguish between threatening and non-threatening stimu l i  even after 

being domesticated for so lorig. The previous experiences of sheep also 

i nfluence the way they view certa in  people and an imals in relation to the level of 

th reat they pose . I n  add ition ,  how sheep react to different stimu l i  can be 

influenced by a number of factors including genetics, sex, age and physiological 

state . 

A large number of stud ies have categorised a specific set of behaviours 

exh ib ited by lambs fol lowing castration and tai l docking. These behaviours 

have been used to quantify the level of pain experienced by the lambs fol lowing 

these procedu res , and have been fou nd to be a rel iable method of pain  

assessment. 

Mechan ical pressu re thresholds have been used to assess the presence of 

hypoalgesia or hyperalgesia fol lowing painfu l  experiences such as lameness 

and castration . Stud ies have found that an imals remain sensitive to these 

pressure devices long after the physical symptoms have d isappeared ; 

suggesting that pa in  persists and can be detected , long after it appears to have 

subsided . 
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Whi le the response of sheep to d ifferent stimu l i  is known, how these behaviours 

change when a sheep or lamb is  in  pain and a predator is present has not been 

tested . As outl i ned above, lambs wi l l  behave in an overt and active manner 

fol lowing castration a nd ta i l  docking, and th is  wi l l  eventual ly subside to 

withd rawn, statue-l i ke behaviours in an attempt to reduce pai n .  When lambs 

are i n  pa in  in the presence of a predator, the d isplay of pa in behaviours may 

confl ict with the an imal 's desire to behave i n  a way s imi lar  to herd mates,  a nd 

thus avoid predator detection (Broom, 200 1 ) .  

Overt behaviour therefore may not be the best i ndex of pain quantification 

because of these confl ict ing factors . If animals do not exh ib it pain related 

behaviour, fol lowing a painfu l experience, in the presence of a predator then it 

may be difficult to use behaviour to assess whether certain procedures a re 

pa infu l and whether analgesics are working .  Behaviour is the most com monly 

used method of assessing animal  pa in ,  and the possib i l ity that an imals can a lter 

the amount of pain behaviour they d isplay may cause problems with the use of 

this method of assessment, and with it, ou r u nderstanding of pa i n .  
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2. 7 Hypotheses and Aims 

The aim of this thesis was to test the hypothesis that: 

Literature Review 

"The p resence of a predator influences the behaviour of an an imal in pa in" .  

The objectives of th is experiment were to determ ine whether the behaviours of 

recently castrated lambs d iffered more in the presence of a predator than other 

stimu l i ,  and whether the presence of the lambs' dams had any further infl uence 

on these behaviours .  I n  a second trial adult sheep were subjected to a 

mechan ical pain stimu lus to test whether their pa in  thresholds were altered i n  

the p resence of a predator. 

The hypotheses to be tested were ( 1 ) That castrated lambs would behave 

d ifferently from contro l  lambs, and that castrated lambs wou ld reduce their pain 

related behaviou rs more when a predator stimu lus  was present (dog or  dog 

barking tape) than when a non-threaten ing or biological ly ins ign ificant stimu lus 

(goat or cardboard box) was present. (2) That the presence of  the lambs' dams 

wou ld influence the i r  pain re lated behaviou rs in  the presence of the predator 

stimu l i  (dog or barking tape). (3) That adu lt sheep would increase their pa i n  

thresholds i n  the presence of predator (dog o r  barking tape) .  
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3 T he Effect of Predator Presence on Lamb 

Be haviour Following Castration 

3 . 1  I ntroduction 

The behaviou r of individua l  sheep in  response to the presence of dogs, humans 

and other stimul i  and i n  various s ituations has been studied in  terms of fea r  and 

aversiveness (Romeyer & Bou issou , 1 992 ; Vandenheede & Bou issou , 1 993 ,  

1 996; Bou issou & Vandenheede,  1 995; Vandenheede et a l . ,  1 998; Beausolei l  et 

a l . ,  2005). However, these stud ies have not examined whether the presence of 

dogs or humans mod ify the behaviour  of sheep when they are in pain .  lt has 

been suggested (Broom ,  2001 ) ,  that the pain caused by injury may motivate an 

an imal to behave in a pain-reducing manner but  that may confl ict with the 

an imals desire to behave in a way s imi lar to con specifics and thus avoid 

predator attention .  

Lamb behaviou r fol lowing castration has been stud ied (Mel ior & Murray, 1 989;  

Lester et a l . ,  1 996; D inn iss et a l . ,  1 999; Thornton & Waterman-Pearson ,  1 999; 

Molony et a l . ,  2002 ) ,  and a number of behaviou rs a nd postu res are known to 

indicate pain in lambs. Castration using rubber r ings is known to el icit 

characteristic behaviou rs , which are otherwise rarely seen in lambs (Mel ior & 

Murray ,  1 989; Dinn iss et a l . ,  1 999) .  These behaviours include; increased 

restlessness, lateral  recumbency, writhing and kicking (Mel ior & Mu rray, 1 989;  

Mel ior et a l . ,  1 991 ; Molony et a l . ,  1 993; Kent et a l . ,  1 995 ; Lester et al . ,  1 996) .  

If Broom's (2001 ) hypothesis is correct, lambs should show fewer behaviours 

ind icative of the pa in caused by castration in  the p resence of aversive stimu l i ,  

such as a predator. 

The objectives of th is experiment were to determine if the behaviour of recently 

castrated lambs, wou ld be mod ified by the presen ce of specific stimu l i  (dog , 

goat, cardboard box, and a tape recorder p laying the sound of a dog barking ) ,  
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and whether the behaviour of recently castrated lambs wou ld  d iffer from those 

of control lambs in the presence of a predator, and final ly, if lambs would alter 

their behaviour d ifferently in the presence or absence of their dam.  

The hypothesis to be tested was that the behaviour of castrated lambs would 

d iffer to that of control lambs, and that castrated lambs wou ld  show less 

castration pain behaviour in  the presence of a predator (dog and dog barking 

tape) ,  than when a biological ly i ns ign ificant novel object (cardboard box) or a 

goat were present. Final ly it was hypothesized that lambs would behave 

d ifferently in the presence of their dam,  when a predator was present because 

the dam would be more experienced , and hence cue her lamb in  some way to 

the potential danger. 

3.2 Methods and Materials 

3.2 . 1  Introduction 

Three hundred and eighty fou r  lambs were used in this fou r  day study. One 

hundred and n inety two lambs were stud ied without their dams,  in groups of 

eight ,  on the first two days of the study (Table 3 . 1  ) .  Another one hundred and 

n inety two lambs were stud ied a long with their dams, in groups of eight lambs 

and their eight dams, on the remain ing two days of the study (Table 3 .2 ) .  Over 

the fou r-day study period each group was exposed for th irty m inutes after 

castration or control treatment, to one of four stimu l i .  In each group of 8 lambs, 

half were castrated during the tr ia l  (N=4 ) ,  and the other lambs (N=4)  were 

hand led , but left intact. One of four  stimu l i ;  a cardboard box, a dog, a goat and 

a tape recorder playing the sound of a dog barking was presented to the lambs, 

or the lambs and their dams in  an observation pen . The behaviour of the lambs 

was recorded for thirty minutes after treatment (castration , control ) ,  and then 

a na lysed . 
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3.2.2 Animals 

In October 2003,  lambs (N=384) aged between one and six weeks of age were 

subjected to rout ine castration or control treatment over fou r  days. The an imals 

were farmed at Tuapaka, a Massey University farm. Tuapaka is a h i l l  cou ntry 

sheep and beef farm, situated on the outskirts of Palmerston North . The lambs 

used on day one were the offspring of Suffolk/Texel cross rams and Romney 

ewes, and on day two, lambs were the offspring of Texel rams and 

Romney/F inn cross ewes . The lambs used on days th ree and fou r  were a 

mixture of either Suffol k/Texei/Romney cross or Texei/Romney/F inn  cross-bred 

lambs. Each morn ing ,  n inety-six lambs and their ewes were mustered off 

pastu re using dogs and penned together i n  covered yards.  Lambs and ewes 

were penned i n  groups of about twenty-five lambs and ewes. No twi n  lambs 

were used in  th is study. 

For the lamb only experiments, at the start of a tria l ,  ewes and lambs were 

moved into a l a rge pen , l ambs were caught, a l located to a treatment, castrated 

or hand led , and then placed in an observation pen in grou ps of eight lambs 

(Table 3 .1  ) .  W hen the la mbs and their ewes were used , at the start of a tria l ,  

g rou ps of eight lambs and their respective eight ewes (Table 3 .2 )  were herded 

i nto the observation pen . Lambs were then caught within this pen ,  a l located to 

their respective treatment, castrated or hand led , and then retu rned to the 

observation pen.  Castration was by the rubber r ing method . 
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Table 3 . 1  The number of lambs without their  dams,  al located to each treatment 

and stimu lus  over the first two days of the study period . 

Lamb Stimu l i  Number of lambs used i n  each treatment 

Stimu l i  Castrated Control 

Dog 24 24 

Barking Tape 24 24 

Card board Box 24 24 

Goat 24 24 

TOTAL 1 92 Lambs 

Table 3.2 The number of lambs and ewes a l located to each treatment and 

stimu l u s  over days three and fou r  of the study period . 

Lamb Stimu l i  Nu mber of lambs and ewes used in  each treatment 

Sti m u l i  Castrated Control 

Dog 24 Lambs + 24 Ewes 24 Lambs + 24 Ewes 

Barking Tape 24 Lambs + 24 Ewes 24 Lambs + 24 Ewes 

Card board Box 24 Lambs + 24 Ewes 24 Lambs + 24 Ewes 

Goat 24 Lambs + 24 Ewes 24 Lambs + 24 Ewes 

TOTAL 1 92 Lambs + 1 92 Ewes 
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Before being placed in to the observation pen (or returned to the observat ion 

pen ,  as was the case in  the lambs and their ewes experiment) , each lamb was 

picked up and e ither castrated or left intact , and marked with an ind iv idua l  spray 

painted symbol ,  on  the withers for contro l  lambs, or the rump for castrated 

lambs.  This enabled indiv idual lambs to be identified , and a distinction could 

a lso be made between castrated and contro l  lambs (Figure 3 . 1  ) .  The st imu lus 

was then p laced in  the observation pen. 

Figure 3.1  Spray-painting  the individua l  symbols on the lambs back fol lowing 

a l location of treatment. 
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Figure 3.2 The experimental pen .  

The study was carried out between 8 am and 2 pm over the four days. After the 

th irty minute period was over, the an imals were moved out of the observat ion 

pens. The st imu lus was replaced , and the next lambs were picked up and the 

process was repeated. Groups of eight lambs were tested once, being exposed 

to on ly one of the four st imu l i .  At the end of the study, a l l  the control lambs 

were castrated by rubber ring and a l l  the lambs were tai l  docked with a docking 

iron and retu rned with their dams to a paddock. Due to a shortage of ma le 

lambs, some control lambs were ewe lambs to make up n um bers, however over 

90% of the control lambs were male.  

The ewes in  th is study wou ld have had some regu lar  contact with the farmer 

and his dogs for a l l  of thei r  l ives ,  e .g .  moved between paddocks, shearing ,  

drenching,  wh i lst this wou ld have been the lambs f irst intimate contact with 
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dogs .  However, both the lambs and their ewes wou ld have had l ittle experience 

with cardboard boxes and goats , and then only visual contact. 

The use of a l l  an ima ls  and p rocedures for th is experiment was approved by the 

Mas sey Univers ity An imal  Ethics Committee.  Reference number  03/1 1 

(Appendix 7 .3) .  

3.2.3 Observation Pen 

The observation pens were s ituated with in a set of covered sheep ya rds .  There 

were two pens (F ig u re 3.2) ,  Pen A and Pen B. The two pens were s ide by s ide.  

Each pen measu red 4 .5 m x 3 m and had a d i rt floor. The wal ls of each pen 

were covered in  b lack plastic, so that the lambs cou ld not see outside the pen .  

Observations began a s  soon as each lamb was placed i n  the observation pen.  

Observations thus began with i n  1 minute of the treatments being performed . 

The behaviours of the lambs during the castration or hand l ing were not 

recorded .  

A s u rvei l lance type camera with a 3 .5-S .Omm F 1 .4 lens was positioned a bove 

each pen (Figu res 3 .3  and 3 .4 )  at an angle so that that the entire pen was in  

v iew.  Th is ang le a l lowed the observer to d i st inguish between sitt ing and 

sta nd ing postu res .  Each camera was connected to a Panason ic AG6200 video 

recorder set to record the behaviour of the lambs on to a video-tape, for th i rty 

m i nutes fol lowing castration or hand l ing .  

H u man influence was control led as much as possible in th is  experiment,  by the 

provision of black plastic surrounding the pens .  This reduced the a mount of 

v isua l  access the lambs and sheep had to hu mans, however humans could sti l l  

be seen.  
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F igure 3 .3 The order of presentation and the position of each of the fou r  stimu l i ,  

i n  Pens A and B .  The nu mbers down the sides of the diagram represent the 

order in which the trials were carried out in  each of the two pens, over the day. 
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Figure 3 .4 The position of each of the fou r  stimul i  and their order  of 

p resentation , in Pens A and B. The numbers down the sides of the d iagram 

represent the order  in which the tria ls were carried out in each pen . 
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3.2.4 Treatments 

Lambs were randomly assigned to a test day and treatment, and were a l located 

to one of two treatments; castrated or control handl ing .  One person caught and 

held the lamb on the pen wal l ,  whi le a second person (a lways the same person) 

appl ied the treatment (F igure 3 .5) .  Fol lowing treatment, lambs were 

immed iately p laced in the observation pen .  The entire treatment procedu re took 

approximately 1 m inute in total for a l l  eight lambs (four castrated , fou r controls) 

to be treated . With in groups, each treatment was given to fou r  lambs. The age 

of the lambs was bala nced across treatments and a l l  rubber rings were taken 

from the same box. 

3. 2.4. 1 Cas tra tion with rubber rings (C) 

A latex ru bber ring (AI Iflex New Zea land , Palmerston North):  outer d iameter ,  

1 4 .8  mm,  S . D . ,  ± 0 . 1 ; inner d iameter, 5 .0  mm, S . D . ,  ± 0 . 1 ,  was app l ied to the 

neck of the scrotu m ,  using an Elastrator (Eiastrator Ltd , B lenheim) to stretch the 

ru bber ring (F igure 3 .5). Both testes were d ista l to the ring and the teats were 

p rox imal .  

3. 2. 4. 2 Handled Con trol (NC) 

Lambs were hand led and their scrotum palpated ,  as if they were being 

castrated , but they were left intact. 
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Figure 3.5 Castrati ng  a lamb using an  elastrator to apply the rubber r ing. 

3.2.5 Stimul i  

During a tria l ,  one of  fou r stimul i  was presented to  the eight lambs for th i rty 

minutes after treatment and their behaviour was videotaped for th is period of 

t ime. Twelve tests were performed each day, and each stimu lus  was used 

three t imes each day (Tables 3. 1 and 3.2) .  Stimu l i  were randomly a l located to 

pens using a balanced design to reduce the residual  effects of the treatments. 

Stimul i  were randomly al located to an  a rea of each pen (F igure 3.3 and 3.4). All 

stimu l i  were u nfami l iar  to the lambs. 
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3.2.5. 1 Dog 

A s ixth month o ld ,  wel l  bred ,  female huntaway dog was tied in  one corner of the 

observation pen (Figure 3.6) .  The dog was commanded not to bark throughout 

the tr ia l  period. When the dog was not involved i n  a n  experiment, it was kept 

t ied up ,  si lent and  out of view i n  an adjacent pen. The same dog was used for 

the four-day tria l .  

Figure 3 .6  The experimental pen showing the lambs, a n d  the dog as the 

stim ulus (Far right). 
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3.2.5. 2  Barking Tape 

A tape recorder playing the sound of a dog barking was placed at one end of 

the observation pen . The tape used was the record ing of a tra ined heading dog 

barking.  The same tape was used throughout the experiment. The tria ls 

involving the use of the barking tape were a lways carried out i n  the afternoons.  

Th is was so that the lambs used i n  pens with the other three stimu l i  were not 

affected by the dog barking tape, as  they had a l l  been carried out i n  the 

morn ing .  

3. 2. 5. 3 Cardboard box 

A large wh ite card board box was p laced at one end of the observation pen 

(Figure 3 . 7) .  The d imensions of the box were 60cm height x 60cm width x 40cm 

depth . The box control was used as a novel object with no b iologica l  

s ignifican ce to the sheep (Beausole i l  et  a l . ,  2005). The same cardboard box 

was used for the fou r-day trial . 
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Figure 3.7 Lambs and their ewes in  the experimental pen with the card board 

box stimu lus .  
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3.2.5. 4  Goat 

Two white, four  yea r  old,  male angora goats, sou rced from a loca l farmer were 

used in th is experiment. On ly one goat was used at a time. The goat was tied 

in  one corner of the observation pen during an experiment (F igure 3.8) .  Each 

goat was tied in an adjacent pen out of view, and was si lent, when not i nvolved 

in an experiment. 

Figure 3.8 Lambs and their ewes in  the experimental pen with the goat as the 

stimu lus  (Front left) .  
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3.2.6 Video Reading 

Each of the v ideos used to tape the fou r-day experimental period were viewed 

on a televis ion screen,  a nd data were col lected and recorded . The clock on the 

screen of the video player provided the t ime increments for each experiment. 

The time when each lamb was placed into the pen was recorded . Data 

col lection was carried out for thi rty minutes fol lowing al l eight lambs being 

placed in  the pen .  

3.2.7 Data Gatheri ng 

I n it ial ly on ly one castrated and one control lamb was analysed from each video. 

From these in it ial observations, it was d ecided that the behaviour  of al l  eight 

lambs (four  castrated , and four  contro ls )  in  each pen wou ld be observed and 

recorded to obta in as much data as possible from the experiment. 

3.2.8 Behaviours 

The two behaviours that were mon itored were restlessness, and the average 

t ime the lamb spent sitt ing .  The data for each of these behaviou rs were 

col lected from ana lysing the video tapes of the experiment. 

3. 2. 8. 1 Restlessness 

This was scored as the number of t imes that a lamb stood up o r  lay down ; with 

each time a lamb stood up or lay down being recorded (Lester et a/. , 1 996) .  
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3.2. 8. 2 Average time spent sitting 

Each time a lamb sat down , the time the lamb sat, as well as the correspond ing 

t ime i t  stood up ,  was recorded .  From this, the average length of  time each lamb 

spent sitting cou ld be calcu lated for the th i rty-minute trial period . 

3.2 .9 Data Analysis 

None of the behavioural data were norma l ly d istributed ; so al l  data were 

transformed to approximate norma l ity by ta k ing the square root of raw d ata. A 

repeat measures ana lys is of variance of the behaviours in re lation to the fou r  

treatments, bark, goat, dog and box was carried out. Also a repeat measures 

ana lysis of variance was used to test the effects of the pen ,  day and t ime of day 

and to test for variation between castrated and control  lambs . Because the 

non-castrated lambs exh ibited low restlessn ess scores, one was added to each 

raw data va lue ,  for both castrated and non-castrated lambs so that the data 

cou ld be transformed , and therefore a comparison could be made between 

these resu lts (Za r, 1 999) .  Al l  statistica l tests were performed using SAS 

Version 8 .0  (SAS Institute I nc . ,  1 994 ). 

Data from this study can be found in  Append ix A (Figure 7 . 1 ) .  
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3.3 Results 

There were no major d ifficu lties over the fou r  days of the study. P resentation of 

the stimu l i  (box, goat, dog and barking tape) presented no problems. However, 

due to an insufficient number of males for fu l l  rep l ication accord ing to the 

experimental design ,  some contro ls used in  this experiment were female lambs.  

I n  pens with insufficient numbers of male castrated lambs, numbers were made 

up with female lambs, but the behaviour  of these female lambs was not 

recorded , and for statistical pu rposes these data were recorded as missing .  

There was a sign ificant d ifference between the restless behaviour of  castrated 

and control animals as deta iled in 3 .3 . 1 below. There were no s ignificant 

d ifferences between stimu l i .  The presence of the ewes, however, had a 

sign ificant effect on the restlessness behaviour exh ibited by the lambs.  

3.3 .1  Restlessness 

Castrated lambs had significa ntly h igher restlessness scores (ANOVA, F1 . 82 = 

563 .27 ,  P<0 .0001 ) than control lambs (F igure 3 . 9 ), with none of the control 

lambs ach ieving a score equal to the average restlessness of the castrated 

lambs. Castrated lambs on average stood up and sat down 26 times in the 

thirty m inutes fol lowing treatment. I n  contrast, control lambs stood and sat 1 .2 

times (raw data). 
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Castration Experiment 

Mean restlessness behaviour  exh ibited by castrated and control lambs when 

their  dam was absent, i n  the presence of each of the fou r stimu l i  (± S . E . M) .  

Data were transformed by a square root transformation .  Each time a lamb 

stood up  or sat down was recorded as one instance of restlessness. 
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Castration Experiment 
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Mean restlessness behaviour exh ibited by castrated and control lambs when 

their d am was present, in  the presence of each of the four st imu l i (± S . E . M ) . 

Data were transformed by a square root transformation . Each time a lamb 

stood u p  or sat down was recorded as one instance of restlessness. 

There was no effect of stimu lus  ( Box, Dog, Bark ,  Goat) amongst control lambs 

with a nd without their dams present (Figure 3 . 1  0), on the restless behaviour  of 

the lambs (ANOVA, F3,38= 0 .74 ,  N .S) .  I n  addition ,  there was no effect of 

stimu lus on the restless behaviour  of castrated lambs with or without their dam 

present (ANOVA, F3,34 = 2 .24 ,  N . S) .  

62 



Chapter 3 Castration Experiment 

There was no effect of pen on the behaviour of either castrated l ambs (AN OVA, 

F1. 34=0.07 , N .S) ,  or  control lambs (ANOVA, F 1 .  38 = 0, N .S). 

There was ,  however, a sign ificant effect of dam on the restlessness behaviour 

of both castrated lambs (ANOVA, F 1 .34=1 6.58, P=0.0003) (F igure 3 . 1 1 ) ,  and 

control lambs (ANOVA, F 1 .38= 1 1 . 1 2 ,  P=0.00 1 9) ( F igure 3. 1 2) .  Both castrated 

and control lambs were more restless when their dams were a bsent (F igures 

3 . 1 1  & 3 . 1 2 ) .  
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A compa rison of the mean restlessness behaviour exhibited by castrated lambs 

when their dam was present and absent, in  the presence of each of the four  

stimu l i  (± S .E .M). Data were transformed by  a square root transformation. 

Each time a lamb stood up or sat d own was recorded as one instance of 

restlessness. 
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Castrat ion Experiment 

A comparison of the amou nt of restlessness behaviour exh ib ited by control 

lambs when their dam was present and a bsent, in  the presence of each of the 

four  stimu l i  (± S . E . M) .  Data were transformed by a square root transformation .  

Each time a lamb stood u p  or sat down was recorded as  one  instance of 

restlessness. 

64 



Chapter 3 

3 .3 .2 Average t ime s pent sitting  

Castration Experiment 

A comparison of the l engths of t ime castrated lambs spent sitting in  the 

presence or absence of their dam revealed that there was no effect of dam 

(ANOVA, F 1 .  34=2 .53 ,  N .S )  on the average t ime castrated lambs spent s itting ,  

nor was there an effect of stimu lus (ANOVA, F3, 39= 1 . 1 5 , N .S) ,  or  pen (ANOVA, 

F1 .39= 2 .43,  N . S) .  

3.3 .3 Time fi rst sat 

The time that castrated lambs fi rst sat was affected by the presence of their 

dam (ANOVA, F 1 .  26 =8 .77 ,  P=0 .0065). On average , castrated lambs with their 

dam first sat after 3 .68 minutes of being placed in  the pen , whereas castrated 

lambs without the i r  dams sat with in  2 .95 minutes of being placed in the pen .  
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3.4 Discussion 

Castration Experiment 

This study of the behaviou r  of lambs and by inference the pain caused by 

ru bber ring castration and , the influence of the fou r  stimul i  on  this behaviour, 

provided the fol lowing i nformation .  

F irstly, castration caused a sign ificant increase in  restlessness behaviour. As 

anticipated in  the hypothesis ,  this increase was s ign ificantly greater than that of 

control lambs and ind icates that castration is acutely painfu l .  

Secondly,  there was n o  s ign ificant d ifference in  t h e  restlessness behaviour  of 

either contro l  or castrated lambs in the presence of any of the four  stimu l i  (box, 

goat, dog , bark). This suggests that the lambs were reacting more to the 

treatment, and to the novelty of the situation ,  than to the ind iv idual  stimu l i .  

Third ly, when the lambs' dams were present, restlessness behaviours were 

sign ificantly reduced in both castrated and control lambs. I n  addition , when the 

ewes were present, the fi rst incidence of restlessness (time first sat) for each 

lamb occu rred after a longer period of t ime. Th is suggests that ewes infl uenced 

the behaviou r of their l ambs. 

Restlessness was stud ied during the fi rst th irty m inutes after treatment and the 

scores ranged from low (<1 3)  in  control animals to h igh (>80) i n  castrated 

lambs. Th is is comparable to other stud ies, for example control and ring 

castrated lambs, in  the fi rst hour after treatment, had restlessness scores 

ranging between less tha n  8 to greater than 70 respectively (D inn iss et a l . ,  

1 999) .  I n  a s imi lar study,  Dinn iss et a l .  ( 1 997) reported that lambs with a 

restless score less than eight, as seen in  control a n imals ,  exh ib ited a sma l l  

cortisol response. I n  comparison ,  lambs with restlessness scores above 40  

were probably i n  severe pain as an imals with these scores had  a cortisol 

response wh ich was s ign ificantly g reater than that in control an imals (D inn iss et 

a l . ,  1 997) .  There is a s ign ificant increase in the levels of restlessness behaviour  

exh ib ited by lambs fol lowing ru bber ring castration (Lester et  a l . ,  1 996), and 
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these levels of activity peak with in the first th i rty minutes after treatment (Lester 

et a l . ,  1 996; Molony et a l . ,  2002) .  Restlessness is therefore regarded as a 

sensitive ind icator specific to a particu lar  noxious stimulus ,  namely ischaemic 

pain (D inn iss et a l . ,  1 999). 

The find ing that l ambs did not behave d ifferently in  the presence of any of the 

four  stimu l i  suggests that the test subjects were reacting to the novelty of the 

stimu l i  and possibly viewed al l  four stimu l i  as potential threats because of th is 

novelty. In add ition , i t  is possib le the lambs were reacting to the treatment 

(castration or contro l ) ,  and that these were more important than the stimu l i .  l t 

is possible that the lambs were reacting to the novelty of both the situation and 

the stimu l i ,  and that they had not learned to make negative associations with 

any of the fou r  stimu l i .  Porter & Bouissou ( 1 999) found that lambs d id  not 

respond with aversion to images of dogs as adu lt ewes d id ,  suggesti ng that the 

lambs had not yet had enough experience with dogs to l i nk  unp leasant 

associations with them. 

The reduction of the lambs' restlessness behaviour in  the presence of their 

d a ms suggests two things. E ither lambs were reacting to a shortage of space in 

the pen when their ewes were present, or the ewe was cueing the lamb in  some 

way to the presence of the stimulus .  Lambs of this age sti l l  rely heavi ly on 

protection from their mothe r  against th reats because juveni le prey an imals are 

vu l nerable to a wider range of predators than adu lts, as a result  of their  smal l  

s ize (F itzGibbon , 1 990). lt would therefore be advantageous for them to closely 

fol low the actions of their mother in  dangerous situations. This is an interesting 

find ing ;  however, futu re stud ies are requ ired to make a d ist inction between 

whether the an imals were reacting to a lack of space or whether the ewes were 

actual ly cueing their lambs.  

The use of l ive an imals as stimu l i  in  th is experiment may be problematic, as 

inconsistencies in  stimu lus  behaviour can influence the responses of the test 

l ambs. For example,  the goats were qu ite aggressive towards test lambs,  

i nclud ing bunt ing some of the lambs, whi lst the dog genera l ly a ppeared bored 

and  ind ifferent.  However, in order to determine the behavioura l  responses of 
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sheep to a range of ' real '  stimu l i ,  the use of l ive animals was d eemed most 

appropriate . S imi lar  observations were documented by Beausolei l  et a l .  (2005) .  

Beausolei l  et a l .  (2005) speculated that the sheep regarded the goat as a 

strange conspecific ;  th is is supported by the behaviou r of the lambs in th is 

study.  Although not quantified , lambs appeared to spend more t ime closer to 

the goat and card board box, than to the predator stimu l i  (dog , ba rking tape) .  

Measur ing walk ing by the lambs i n  relation to the position of the stimulus may 

have provided some interesting resu lts in  th is study. l t  has been shown that 

sheep wi l l  mainta in  a close d istance to a card board box, wh i lst ma inta in ing a 

longer d istance from a dog when g iven the choice (Beausolei l et a l . ,  2005).  I n  

futu re th is should b e  measured , as this may be a more sensitive ind icator of 

how the test subjects viewed each of the fou r  stimu l i .  

I n  th is study, i n  contrast to Beausolei l  et a l .  (2005), but  supported by others , 

(Torres-Hernandez & Hohenboken ,  1 979;  Romeyer & Bou issou , 1 992) 

voca l isation appeared to be suppressed in  lambs,  in the presence of a l l  stimu l i  

(personal  observation) .  

Odours were d ifficult to control for in th is  study. These odours cou ld have been 

from the stimu lus  that was previously in  the pen ,  or odou rs from the stimu lus  

being u sed in  the adjacent pen .  However, th i s  variable was control led for by 

making sure the stimu l i  were randomly al located to each pen , ensuring that the 

same two stimul i  d id not a lways fol low each other in the order of their 

presentation to the lambs . Furthermore having an observer that was 'b l ind '  to 

the experiment may have been a usefu l too l ,  especial ly when observing 

between castrated and control lambs, however th is was not practical i n  th is 

study,  and i t  cou ld be argued that the experimental ly 'b l ind '  observer wou l d  very 

qu ickly work out which an imals were castrated based on the amou nts of 

restlessness exh ib ited , making the necessity of a 'b l ind '  observer somewhat 

redu ndant. 

The u se of female lambs as control an imals was not intended,  but due to 

insufficient numbers of ram lambs, females were used . lt is possible that 

female lambs behave d ifferently than rams, which may therefore affect the 
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val id ity of the resu lts from this study. However, based on the resu lts, a s l ight 

d ifference between the behaviour of male and female lambs wou ld  not have 

changed the strong sign ificant d ifference between castrated and control lambs. 

Nevertheless, the d ifference between the behaviou r of male and female lambs 

should be examined i n  futu re studies to verify th is .  

Th is research has on ly stud ied the castration of ram lambs, fu rther research 

shou ld be extended to include ewe lambs by using tai l  docking as an alternative 

to castration ,  as a painfu l stimulus for example, and also on other breeds of 

sheep as behavioural responses to pa in ,  stress and fear can d iffer between 

breeds (Vierin & Bou issou , 1 992; H an sen et a l . ,  2001 ) . 

These resu lts ind icate that lambs between 1 -6 weeks of age have not yet 

learned negative associations with dogs due to a lack of experience.  These 

resu lts suggest however that at this age, lambs are re lying on their mother's 

experience, and d i rection .  However because all of the stimu l i  were ' novel '  to 

the lambs, it may be the novelty that the lambs are reacting to , more than the 

potential th reat. l t  therefore may have been of more value to have tested the 

lambs with a control of "no stimu lus" to control for this poss ib le variable,  novelty. 

Future stud ies should therefore consider th is .  

69 



Chapter 4 Pressu re Threshold Experiment 

4 The Effect of Predator Presence on the 

Mec hanical Pressure Thresholds of Ewes 

4.1  Introd uction 

Nociceptive threshold tests measure the responsiveness of an imals to noxious 

stimu l i .  These techniques record changes in an an imal's nociceptive threshold 

associated with physical i nju ry or surg ical trauma (Whay et a l . , 1 997)  and have 

been used to study acute and chronic pain in an imals (Ley et a l . ,  1 989 ;  

Lascel les et a l . ,  1 995; Welsh & Nolan , 1 995) .  Fol lowing injury or trauma,  

i nd ividuals demonstrate an increased sens itivity to  noxious stimu l i ,  by 

respond ing to a stimulus at a lower level than seen in a healthy subject .  This 

decrease i n  nociceptive threshold is a demonstration of hyperalgesia ,  an 

increased sens itivity to pain (Whay et a l . ,  1 997) .  Nociceptive thresholds have 

been fou nd to be s ign ifica ntly lower in  sheep with footrot (Ley et al. , 1 995) and 

lame dairy cattle (Whay et a l . ,  1 997) than healthy conspecifics. F u rthermore ,  

they have been used to test the analgesic effect of d rugs (Ley, Waterman ,  & 

Livingston ,  1 99 1 ; Waterman ,  Livingston ,  & Amin ,  1 99 1  ). However, these 

stud ies have not examined whether the response of animals to a noxious 

pressure stimu lus ,  and by inference pain , wi l l  change in  the presence of a 

predator. Th is experiment studied the response of healthy sheep, to a painfu l 

mechan ica l pressure device, in the presence of a predator. 

If a property of an ind ividua l  that reduces it chances of being taken by a 

predator is favou red by natural  selection as suggested by Rid ley ( 1 995) ,  then it 

can be assumed that showing pa in which wou ld  d isadvantage prey an imals i n  

the presence of a predator wou ld be  selected against. Therefore ,  sheep should 

increase their response thresholds to a painfu l stimu lus in the presence of a 

predator in  a n  attempt to reduce their chances of being taken by a predator. 

The objective of this experiment was to determine if sheep, subjected to a 

mechan ical pressure device would a lter their behaviour in the presence of 
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specific stimu l i  (dog , goat, a tape recorder playing the sound of a d ru m  beat and 

a tape recorder playing the sound of a dog barking) ,  and more specifical ly ,  

whether sheep wou ld  increase their response thresholds i n  the presence of a 

predator, in  an  effort to h ide the pain being experienced from a potentia l  

predator. 

The hypothesis to be tested was that sheep wou ld increase thei r  response 

th resholds to a pa infu l pressure stimu lus  sign ificantly more i n  the presence of a 

predator (dog and dog barking tape), then when an arb itrary noise (dru m  beat 

tape) was played , or a goat was present. 

4.2 Methods and Materials 

4 .2 . 1  Introductio n  

This study investigated the effect of va rious stimu l i  (dog , barking ta pe, goat,  

dru m  beat) on the thresholds to mechan ical stimu lation in sheep. S ixteen ewes 

were trained to stand in a metabol ic crate with a mechan ica l pressure device 

fastened around their back right leg. F ive basel ine mechan ical pressure 

threshold read ings were taken with no stimu l i  present, and then each of fou r  

stimu l i ;  a dog, a goat, a tape recorder playing the noise of a dog barking and the 

noise of a d rum beat tape were presented to the ewes over a fou r  day period ; 

one stimu lus per sheep,  per day. The threshold values were recorded and 

ana lysed . 

4.2.2 An imals 

In  December 2003 , mechanical  nociceptive stimu lation was used to test the 

response of mixed aged Romney ewes (N= 1 6) to the presence of a predator. 

The ewes had been ra ised together s ince wean ing on a Massey Un ivers ity 

farm ; the large an imal  teaching un it (LATU) .  These sheep would have had 
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regu lar  contact with a farmer and farm dogs for most of their l ives , e .g .  moved 

betwee n  paddocks , shearing,  d renching.  However they would have had l ittle  

experience with goats , and then on ly  visua l  contact. Four add itional  sheep from 

the same mob were used as buddy sheep. 

Al l  of the sheep were fami l iarised with the yards ,  races and test a rea before 

testing ,  in order to reduce the confounding effects of novelty on the behaviou ra l  

responses of the sheep. For the two days prior to the experiment, the test 

sheep were moved through the faci l ity, and were tra ined to stand in the 

meta bo l ic crate , and to accept their back legs being hand led . The day before 

tria ls bega n ;  each sheep was ind ividual ly marked with a spray painted number. 

The ewes were taken off pastu re a nd penned together outside the testing 

bu i ld i ng  each morn ing of the fou r-day study. On the morn ing of each tria l ,  the 

test s heep were d rafted , as a g rou p ,  out of the flock. Four buddy sheep were 

randomly selected from the rema in ing flock and placed ins ide in a pen ,  which 

was separated from the test sheep by a gate, to reduce the effects of isolation 

stress on the test sheep (F igure 4 . 1 ) .  Immed iately before a tria l , ind ividua l  test 

ewes were gently pushed a long a race, by a hand ler, into the bu i ld ing and 

gu ided into a metabol ic crate . Fol lowing a tria l , the sheep were moved into a 

post-test pen outs ide.  At the end of each day,  a l l  sheep were put out to pastu re 

together. Al l  tests were carried out between 7 am and 7 pm. The use of a l l  

an ima ls  and  proced ures for th is experiment was approved by the Massey 

Un ivers ity Animal Ethics Committee. Reference number 03/1 22 (Appendix 7 .3) .  
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4.2.3 Observation pen 

The observation area was a room ,  situated with i n  a large concrete floored 

bu i ld ing .  By hold ing the test an imals with in th is room,  the sou nd of the aud itory 

stimu l i  (drum beat and dog bark ing) could not be heard by the remain ing test 

sheep outside, so they had no p revious experience with any of the stimu l i .  The 

test a rea measu red 3.85 x 4.95 metres and conta ined portable metal yards set 

up into three pens (F igure 4 . 1  ). These were ; a pen for the stimu lus (4 .0 m x 1 . 5 

m) ;  th is  had a door lead ing in  to the main room, where the stimu l i  were held , a 

pen fo r the buddy sheep ( 1 . 5  m x 2 m) ,  and a metabol ic crate (0.9 m x 0 . 56 m )  

for the test sheep. The latter two pens cou ld be accessed from the outside 

yards .  The test sheep had visua l  and aud itory access (and l imited physical 

access)  to the buddy sheep at al l times during the test (never visua l ly isolated ) ,  

as  wel l  as  visual and aud itory access to the stimu lus (F igure 4 . 1  ) .  Whi lst the 

buddy sheep pen and the stimu lus pen were fastened with meta l gates , the 

metabol ic crate for the test sheep was fastened at the rea r with a metal cha in  

and cl i p  (F igures 4 . 1  & 4 .2 ) .  Th is  enabled the observer easy access to the test 

sheep's back legs, to apply the mechanica l pressu re device . 
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Figure 4.1 . 

The experimental set up .  On the left i s  the stimu lus pen, with the goat as the 

stimu lus .  In the metabol ic crate is the test sheep ,  with the mechanical pressure 

device attached to its left h ind leg, and to the right are the buddy sheep. 
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Figure 4.2. 

The mechanical pressure device attached to the sheep's h ind left leg, and the 

chain used to secure the sheep inside the metabolic crate . 

4.2.4 Treatments 

Each animal was placed i n  the metabol ic crate beside a pen contain ing fou r 

buddy sheep, to red uce the effects of stress. The th reshold device was 

fastened around the test sheep's leg (Figure 4.2) and five minutes was a l lowed 

for the animal to accl imatise before the f i rst basel ine pressure reading was 

taken. The threshold was assessed on the animal 's back left leg by using a 

device, which pneumatica l ly pushed a b lunt p inhead against the sk in of the leg.  

The threshold response to this device was recorded when there was a clearly 

defined l ift ing of the leg. This technique and the device used in th is study are 

simi lar to that described by Nolan, Livingston , Morris ,  and Waterman ( 1 987) and  

Chambers ,  Livingston,  and  Waterman ( 1 990).  The force appl ied to the p in  was 

measured on a pressure gauge to give a threshold value in pounds per square 
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inch ( lb/in2) .  Fol lowin g  the l ifting of the sheep's leg, the threshold value was 

recorded . Four or five basel ine threshold val ues were recorded at three-minute 

intervals unti l at least four  consistent read ings were obtained , and these were 

recorded . The stimu lus  was then placed in  an adjacent pen (F igure 4 . 1 )  where 

it could be viewed and heard by both the test and  the buddy sheep. A s ing le 

stimu lus  threshold reading was then taken after three minutes of the stimu lus  

being place in  the pen ,  and recorded . Each sheep was tested only once each 

day. 

4.2.5 Stimu l i  

During each tria l ,  o n e  of four  stimu l i  was presented to the ewes for th ree 

minutes and then a pressure stimulus reading was taken . Each st imu lus was 

presented four times on each day, to four  d ifferent sheep, with the order of 

presentation being randomised for each day, based on a residual effects 

Graeco-Latin  square experimenta l design .  Fou r consecutive days of test ing 

a l lowed each of the s ixteen sheep to be presented with each of the four  stimu l i  

once ,  and to be exposed to only one of the fou r stimu l i  on any one day .  A l l  

stimu l i  were placed i n  the same area of the pen (Figure 4 . 1  ) ,  and were 

unfami l iar to the ewes .  

4.2.5. 1 Dog 

A six month old , wel l -bred , female huntaway dog was tied i n  one corner of the 

observation pen .  The dog was commanded not to bark throughout the tria l  

period . When the  dog was not involved in an experiment, i t  was kept tied up ,  

and out  of v iew in  a n  adjacent pen . The same dog was used for the fou r  days 

of th is study. 
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4. 2. 5. 2 Barking Tape 

A tape recorder playing the sound of a dog barking was placed at one end of 

the observation pen .  The record ing was of a tra ined head ing dog barking .  

4.2.5.3 Drum Tape 

A tape recorder playing the sound of a d rum beat was placed at one end of the 

observation pen . Th is  stimu lus  was used as a control novel sou nd . 

4. 2.5.4 Goat 

A white , four year old , male angora goat , sourced from a local farmer was u sed 

in th is experiment. T he goat was tied to the s ide of the metal stimu lus pen 

d u ring an experiment (F igure 4 . 1  ) , and was tied in  an adjacent pen out of v iew, 

when not involved i n  an experiment. 

4.2 .6 Data Gatherin g  

Two people assisted with data gathering ,  these were ; a recorder and a reporter. 

The recorder increased the pressure on the mechanical device unti l the reporter 

gave the verbal cue to stop.  At this cue, the recorder noted the pressure 

read ing  on the equ ipment a nd recorded the data, and released the pressu re 

d evice from the leg of the sheep. A th ird person assisted with the introdu ction 

of the stimul i ,  a l lowing the recorder and the reporter to remain stationary. At 

least five values were obtained from each sheep on each of the four  days of the 

tria l ;  at least four  consecutive baseline values ,  and one stimulus value .  
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4.2.7 Data Analysis 

A single baseline value  for each sheep, for each d ay of the trial was obtained by 

averaging four  basel ine values taken before the stimulus for that day was 

shown to the sheep. Therefore each of the 1 6  sheep in the trial had fou r  

averaged basel ines, o n e  recorded for each d a y  o f  the four-day trial . This 

averaged basel ine value was then subtracted from the correspond ing stimu lus  

value obtained for each sheep. Th is  gave a s ing le  value for each sheep, for 

each stimu lus ,  representing the d ifference in pressure threshold in response to 

the stimu l i .  None of the mechan ical pressu re threshold d ifference data were 

normal ly d istributed , so a l l  data were transformed to approximate normal ity by 

add ing ten to each data va lue and then taking the square root of these new 

va lues.  An analysis of variance was then performed on these transformed data 

in relation to the fou r  treatments , bark, goat, dog and noise. An ana lys is of 

variance was also used to test the effect of day on  the response of the sheep. 

Al l statistical  tests were performed using SAS Version 8.0 (SAS Institute I nc. , 

1 994 ) .  

Data from this study can be found in  Appendix 8 (F igu re 7 .2 ) .  
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4.3 Results 

The mean pressure threshold in the absence of stimul i  (referred to as the 

basel ine value) recorded before the sheep were shown the dog was 5.9 pou nds 

per square inch ( lb/ in2) ,  6 .76 lb/in2 before the dog barking tape, 5 .81  lb/in2 

before being played the d rum tape record ing and 6 . 1 68 lb/in2, before being 

shown the goat . In com parison,  when shown the stimulus,  the mean pressu re 

threshold in  the presence of the dog was 8 .3 l b/ in2 , 6.4 l b/in2 in  the presence of 

the goat, 6.3 lb/in2 in  the presence of the d rum beat tape and 6 .0  l b/in2 in  the 

presence of the dog barking tape. Sheep mechan ical pressu re thresholds were 

affected sign ificantly by the presence of the four  stimu l i  (dog , goat, noise, bark) 

(AN OVA, F3. 1 2  = 6 .8 1 , P=0.0062) (F igure 4 .3) .  Fu rthermore, the analysis of 

variance revealed a s ign ificant effect of anima l  (ANOVA, F1s. 1 2  = 2 .66, 

P=0 .0473) ,  which suggests that some indiv iduals had a consistently h igher or 

lower pain threshold overa l l ,  i rrespective of the stimu lus .  I n  this experiment 

there was no effect of d ay on the pressure thresholds of sheep (ANOVA, F 1 . 1 1 = 

0 . 06 ,  N .S) .  

As predicted , the d ifference between the mean of  the basel ine va lues and the 

stimu lus va lue showed the response of sheep to the dog (2 .04 ± 0.78)  (mean ± 

s .e) was greater than the response to the goat (0 . 28 ± 0 .51 ) (t= 1 .99, P<0 .05 ,  

df=39 , one ta i led t-test) .  I n  addition , sheep mechan ical pressure thresho lds 

were sign ificantly h igher in  the presence of a dog than when presented the 

sound of a dog bark ing (F igure 4 .3) .  

W hen sheep pressu re thresholds in response to the four stimu l i  were compared 

to their basel ine values and averaged, sheep pressure thresholds increased in  

response to the presence of the dog and goat ( resu lts presented above) and the 

d ru m  beat by 0 .5 1  l b/ in2. However, in contrast , when presented the sound  of a 

dog barking, sheep pressure thresholds decreased by 0 .81  lb/ in2 on average .  
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F igure 4.3 .  The mean pressure threshold response of sheep to each of the 

four  treatments (± S . E . M ) . The d ifference index is the difference between the 

pressu re threshold va lue obtained in the presence of the stimulus minus the 

average of the fou r basel ine pressure th reshold va lues. The data presented 

here were transformed using a square root transformation to approximate 

normal ity. Means with d ifferent letters are sign ificantly d ifferent at P<0 .05 .  
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4.4 D iscussion 

Pressure Threshold Experiment 

This study  of the mechan ical pain  threshold responses and by inference the 

pain cau sed in sheep in  the presence of four  stimu l i ,  provided the fol lowing 

information .  

F irstly, a l l  four stimu l i  s ign ificantly i nfluenced the  mechanical pressure threshold 

of the sheep. This infers that there were d ifferences in the way the sheep were 

respond ing to each of the four  stimu l i ,  in relation to the pressure stimulus .  

Second ly, sheep withstood sign ificantly more pressure in the presence of the 

dog than when in  the presence of the goat. Th is s uggests that the sheep fou nd 

the dog more aversive than the goat. 

Th i rd ly, sheep withstood sign ificantly more pressu re in  the presence of the dog 

than when in  the presence of the dog barking tape. This suggests that the 

sheep found the dog more aversive than the tape record ing of a dog bark ing .  

lt was hypothesised that sheep would withstand more pressu re in the presence 

of the two predator stimu l i ;  the dog and the dog barking tape record ing.  The 

behaviour of the sheep in response to the presence of the dog,  and the goat 

suggests that the sheep were able to recogn ise the dog as a predator and react 

accord ingly. These resu lts fit with the find ings of other studies. Beausole i l  et a l .  

(2005) found sheep showed more aversion towards a dog than a goat when 

p laced in an arena test. I n  addition,  dogs are known predators of sheep (e.g .  

Bogess et a l . ,  1 978;  Robel et a l . ,  1 981 ; Schaefer et a l . ,  1 981  cited in Beausolei l 

et a l . ,  2005; Hansen et a l . ,  200 1 ) .  Goats however, are not predators and 

evidence suggests that they are recogn ised , a long with conspecifics , as non­

threatening by sheep (Kendrick & Baldwin ,  1 987 ) .  

However, this was not the same for the response of the sheep in  relation to the 

dog barking tape when compared to that of the d og. There was a sign ificant 

d ifference between the behaviour of the sheep in the presence of the dog and 

dog barking tape, (F igure 4 .3). This suggests that the sheep d id not find  the 
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dog barking tape as avers ive as the dog and the res ults suggest that the sheep 

v iewed the dog bark ing tape to be the least aversive stimulus shown - less 

avers ive than the goat and  the sound of a d ru m  beat. This contrasts with 

previous stud ies which h ave found that the presence of a dog or a record ing of 

a dog barking causes elevations in plasma cortisol , ACTH, heart rate and body 

temperatu re above those observed upon exposu re to humans and noise 

(Harlow et a l . ,  1 987;  Ba ldock & S ibley, 1 990; Cook, 1 996; Komesaroff et al . ,  

1 998 ,  cited i n  Dwyer & Bornett, 2004 ) .  This resu lt suggests that sheep either  

regard aud itory predatory stimu l i  in  a d ifferent context to that of  visual predators , 

or more p lausibly, that the record ing of a dog ba rkin g  used i n  this study, s imply 

d id not accu rately represent a real or l ive th reat to the animals due to poor 

record ing or sound qua l ity. 

The behaviou ral responses of the sheep in this study  may have been affected 

by the amount of experience each of the sheep may have had with any one of 

the fou r  stimu l i ,  as suggested by Cock ram (2004 ). However, each of these test 

an imals had been born a nd ru n together on the same farm and their 

experiences, therefore ,  are expected to be as cons istent as any group of normal 

farm an imals .  These sheep were ra ised outdoors ,  with some regu lar contact 

with humans and dogs.  Most of this contact wou ld  be considered aversive , e .g .  

herd ing ,  yard ing ,  dock ing ,  and d renching (Beausolei l  et a l . ,  2005). However, 

this contact represents the normal experience of extensively managed sheep in 

New Zea land,  the behavioural  responses of which we wished to study in the 

presence of a predator. Because experience with a specific dog , or goat wi l l  

influence a sheep's su bsequent behavioural response to that stimu lus ,  a l l  

stimu l i  used were u nfami l iar to the test sheep. 

The d ifference in  age between the sheep used in  this experiment and the lambs 

u sed in chapter two a ppeared to have a large impact on the behaviou r  of the 

a nimals ,  and the resu lts of th is study. With age comes experience, and it is this 

experience that appears to have determined whether the an imals responded to 

the stimu l i  in relation to the potential threat posed . Dwyer (2004) suggested 

that the way sheep view potential predators appears not to be innate, but is 

instead d ependent on the previous  experience of the sheep. The evidence from 
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this study, especia l ly when compared with the study i n  Chapter 3 ,  supports th is 

notion. 

Therefore the results from this study fou nd that sheep find dogs aversive, and 

wi l l  withstand significantly more pressu re in their presence than with a goat. 

Th is suggests that sheep are able to alter their behaviour in  the presence of a 

potential threat. Furthermore, th is study supports the idea that the way that 

sheep view potential predators is not innate , but learned from previous 

experience. 
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5.0 General Discussion 

P rey species are said to be u nder selection pressure to hide any signal that a 

p redator might use to detect compromised escape ab i l ity, and thus an i nju red 

a n imal may conceal any behaviour that s ignals it is in  pain (Broom , 200 1 ) .  

G iven the d ifficu lties associated with studying predator prey interactions i n  the 

wi ld ,  especial ly those associated with assessing the health of captured prey 

b efore they are consumed by their captor, this thesis involved two contro l led 

experiments using treatments that are known to cause pain i n  sheep.  The 

response of lambs and ewes to these treatments , were tested in  the presence 

of various stimu l i .  

I n  Study 1 (Chapter 3) ,  384 lambs aged between 1 -6 weeks of age were 

s ubjected to routine castrat ion or left intact. Castration is known to be a pa infu l 

h u sbandry procedure. Lambs were placed in a pen fol lowing either of two 

t reatments (castration or control hand l ing)  with one of fou r stimu l i  present (dog , 

g oat, box or bark). In add it ion,  half of these lambs (N= 1 92) were tested u nder 

the same cond itions, with their dams present. I f  the assumptions of Broom 

(2001 ) are correct, we hypothesised that lambs shou ld  show fewer behaviours 

ind icative of the pain caused by castration in the presence of aversive stimu l i  

such as a predator. 

We hypothesised that the behaviour of castrated lambs wou ld d iffer to that of 

control lambs, and that castrated lambs wou ld show less castration pain 

behaviour i n  the presence of a predator (dog and dog barking tape), than when 

a bio log ical ly i nsignificant novel object (cardboard box) or a goat were present. 

F inal ly it was hypothesized that lambs would behave d ifferently in  the presence 

of their dam,  in  the presen ce of a predator because the dam would be more 

experienced , and hence cue her lamb in some way of the potential danger. 

I n  Study 2 (Chapter 4 ) ,  1 6  mixed aged ewes were subjected to a mechan ical 

pressure d evice attached to their back left leg. Th is is known to el icit a pa in  

reflex response, characterised by the l ifting of the affected back leg of the sheep 
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once a certain  threshold is reached . I nd ividual  sheep were placed in a 

metabol ic crate , and a min imum of fou r-basel ine threshold resu lts were 

recorded,  u nti l  fou r  consistent resu lts were obtained . One of fou r  stimu l i  (dog, 

goat, d rum beat, bark) was then placed in an adjacent pen , and another 

threshold resu lt was recorded.  

I f  the assumptions of Broom (2001 ) are correct, we hypothesised that sheep 

should increase their pressure thresholds in  the presence of avers ive stimu l i  

such  as a predator, in an attempt to red uce their chances of being taken by  a 

predator. We hypothesised that sheep wou ld  increase their pressure thresholds 

s ign ificantly more in  the presence of a predator (dog and bark) ,  then when an 

arbitrary noise (drum beat) was played,  or a goat was present . 

As hypothesised , castrated la mbs exh ib ited more restlessness behaviour than 

non-castrated flock mates. However, i n  contrast to our hypothesis ,  when lambs 

were castrated , and placed in  the presence of a predator, their  restlessness 

behaviou r was s imi lar to that of lambs that were castrated , but not exposed to a 

predator, but exposed to novel stimu l i  such as a box or a goat. Lambs also 

exhib ited less restlessness behaviou r when thei r  dam was present in 

com parison to when their dam was absent, which supports the hypothesis that 

l ambs wou ld behave d ifferently in their dams' presence .  

F u rthermore , adu lt sheep sign ificantly increased their pressure thresholds i n  the 

presence of the dog stimu lus in comparison to when the goat was present. 

However, in contrast to our hypothesis, there was a sign ificant d ifference 

between the behaviour of the sheep in  the presence of the dog and dog barking 

tape,  (F igure 4 .3 ) .  This suggests that the sheep d id not find the dog barking 

tape as aversive as the dog , a nd the resu lts suggest that the sheep viewed the 

dog barking tape to be the least aversive stimulus shown - less aversive than 

the goat and the sound of a d rum beat. 

I n  Chapter 3 of this thesis, lambs were used as the test subjects because their 

n a ivety meant that they had had no experience with any of the fou r  stimu l i  (box, 

dog,  goat, bark) .  However, d ue to this naivety, lambs appeared not to find any 
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of the stimul i  more aversive than the next. lt is  l i kely that the lambs were 

react i ng to the novelty of both the situation and the stimu l i ,  as they had not yet 

learned to make negative associations with any of the four stimul i  specifical ly. 

Porter & Bou issou ( 1 999) fou nd that lambs d id not respond with aversion to 

images of dogs as adult ewes d id ,  suggesting that the lambs had not yet had 

enough experience with dogs to l ink unp leasant associations with these images. 

In comparison ,  the adult sheep (Chapter 4 ) , had had previous experience with 

dogs and may have had previou s  experience with the other 3 stimu l i .  They may 

have formed negative associations with some of these stimu l i  (Dwyer, 2004 ) ,  

and the ir  behaviou ral  responses to the stimu l i ,  as wel l  as being statistical ly 

s ign ificant, support anecdota l accounts that prey an imals wi l l  behave d ifferently 

in the presence of a predator (Kruuk,  1 972;  Schal ler, 1 972;  Bateson ,  1 991 ) .  

l t i s  possible that the methods u sed in this thesis (especia l ly in Chapter 3) ,  were 

not sensitive enough to detect a ltered prey behaviour in the presence of a 

predator. I n  futu re tria ls ,  it may be better to measure a larger nu mber of 

behavioural ind ices. For example ,  only restlessness behaviour was examined 

in  the study of castrated lambs. However, other behaviou rs have been used to 

measure castration associated pain behaviour, includ ing abnormal walking,  tai l  

wag ging ,  and l ip cu rl ing (Molony & Kent, 1 997;  D inn iss et a l . ,  1 999; Thornton & 

Waterman-Pearson,  1 999).  By measu ring other behaviou r ind ices in  

conjunction with restlessness behaviour, a more accu rate pictu re may be been 

formed about an animal 's pain response in the presence of each of the four  

stimu l i .  

Add itional ly ,  t he  movement of lambs in relation to the position of the stimu l us  

may show how threatening the  lambs view the stimulus to be . l t  has  been 

shown that sheep wi l l  mainta in  a close d istance to a cardboard box, whi lst 

ma intain ing a larger d istan ce from a dog when given the choice (Beausolei l  et 

a l . ,  2005). I n  th is study, I saw simi lar behaviour in  the lambs, although I d id not 

q u antify it. The lambs appeared to move closer to the cardboard box than to 

the other stimu l i .  Beausole i l  et a l .  (2005) used an arena test to create 

approach/avoidance motivationa l  conflict to detect d ifferences in stimu lus 
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avers iveness. Testing the movement of lambs in  relation to the stimulus ,  and 

incorporating a motivational  confl ict wou ld test the an imals desire to escape the 

presence of avers ive, and therefore show how avers ive the an imal views the 

stimu l i  to be. This behaviour s hould be measured in  future work. Moreover, 

futu re work should also measure physiolog ical ind ices at the same time as 

measuring behaviour. This wou ld add extra value to the data obta ined , as a 

means of val idation . 

Us ing sheep, a h ighly domesticated an imal as the test species in  this thesis 

may have been problematic. Removed from natu ral  predators ,  and selectively 

bred for thei r  temperament, domestic sheep may no longer behave as wi ld 

sheep do in  response to predation in  their natu ral  habitat . Nevertheless, 

domestic sheep appear to have reta ined many behavioura l  characteristics of 

wi ld sheep inc lud ing thei r  use of habitat, and in their socia l organ ization , 

rep roductive and other behaviours (Hafez & Scott, 1 962; Lynch & Alexander, 

1 973;  Shackleton & Shank, 1 984 , cited in  Dwyer, 2004 ) . Physiolog ical data 

suggest that thresholds for e l iciting stress responses and behaviours associated 

with fear, may be elevated in domestic sheep (Hemmer, 1 990; Kunzl & 

Sachser, 1 999,  cited in Dwyer, 2004 ). However, there is no evidence to 

suggest that these behaviou rs are not expressed once that threshold has been 

rea ched . Fear and anxiety-related behaviou rs have adapt ive va lue in  promoting 

su rvival in  domestic and wi ld sheep (Boissy, 1 998, cited in  Dwyer, 2004 ), and 

are therefore considered com ponents of the antipredator response (Frid & D i l l ,  

2002) .  Thus,  the antipredator strategies that evolved in  w i ld  sheep should 

pers ist i n  domestic animals even in the absence of natural predators (Byers , 

1 997 ,  cited i n  Dwyer, 2004 ) .  

I n  futu re, work such a s  th is should i nclude the use of a control of "no stimu lus" ,  

and the an imals should be  run through the test pen a few times prior to the start 

of the experiment (as was done in Chapter 4 ) .  This would remove the effects of 

the novelty of the environment, making it easier to d istingu ish whether the 

lam bs are reacting to the novelty of the s ituation, or whether they are react ing to 

the presence of the stimu l i .  Because there is no significant d ifference amongst 

the results of this study between predator and novel stimu l i  it i s  hard to 
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con clude whether the test an imals were h id ing their pain, or withstand ing more 

pa in  as a consequence of reacting to the stimu l i ,  or whether they were react ing 

to the novelty of the s ituat ion .  If there was a "no stimu lus" control , and the 

sheep and lambs showed more pain behaviour when there were no stimu l i  

present, then i t  would show they viewed a l l  of the fou r  stimu l i  a s  dangerous,  and 

were therefore capable of h id ing  their pa in .  

One of the most interesting results from this study is the  effect the  lamb's dam 

has on her  lambs' behaviou r. Future stud ies cou ld fu rther investigate th is 

rel ationsh ip ,  and f ind out whether the mother was actual ly cueing her young ,  

and , if so , what cues she was us ing to do this. Juveni le prey an imals are 

vu lnerable to a wider range of predators than adu lts due to their smal l  s ize 

(F itzGibbon , 1 990a), so it wou ld be advantageous for them to closely fol low the 

actions of their mother in  d angerous situations.  Furthermore, because dams 

have a greater wealth of experience with predators than lambs,  i t  is assumed 

that mothers that give cues to lambs, and their lambs respond to these cues , 

are more l i kely to have surviving offspring .  lt is  therefore in the lamb's best 

i nterest to rely on cues from their mother in regards to dangerous situations . 

How prey an imals view hu mans is important in re lation to pain assessment and 

futu re work shou ld specifica l ly  focus on th is .  In  a veterinary sett ing ,  i f  prey 

a n i mals view humans as predators , they may h ide their pain from humans,  

making assessment d ifficu lt . I n  th is  context, whether sheep are more fearfu l of 

h u mans or dogs is not known and the natu re of the relationship between 

h u mans and sheep is uncerta in (Rushen, 1 990). lt is possible humans cou ld  be 

viewed as dominant conspecifics, or as predators (Beausolei l et a l . ,  2005). 

However, neurophysiological evidence suggests that dogs and humans are 

recogn ized with s imi lar emotional s ignificance (Kendrick & Baldwi n ,  1 987). 

When placed in  an arena test, Beausolei l  et a l .  (2005) found that sheep 

regarded dogs as more avers ive than humans. How sheep respond to humans  

when in  pain is  unknown, a n d  cou ld provide va luable information for farmers 

carrying out painfu l husbandry procedu res on sheep, such as castration and tai l  

docking. I n  th is thesis, the presence of humans was a confound ing variable 

that was not controlled for. I n  Chapter 3, humans were i ntermittently vis ib le to 
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the test lambs, and in Chapter 4, humans were stand ing behind the test sheep 

recording the p ressure threshold results. However, the level of human 

presence rema ined consistent for al l  experiments , and in the presence of  a l l  

fou r  stimu l i .  Nevertheless, i t  is d ifficult to  conclude whether the an imals were 

res pond ing to the human presence or that of the stimul i ,  or a combination of the 

two .  Futu re work should remove this human presence variable by carrying out 

an experiment such as that in Chapter 3 in  an enclosed room ,  where the lambs 

ca n be placed into a room and video-taped with no human presence. 

In l i ne  with anecdotal evidence,  the resu lts from this thesis found that adult 

sheep find dogs aversive, and wi l l  withstand sign ificantly more pressu re in  their 

presence than with a goat. This suggests that sheep are able to alter their 

behaviour based on the intens ity of the threat. Fu rthermore, this study supports 

the idea that the way that sheep view potential predators is not innate , but 

learned from previous experience. 

B ecause of their inabi l ity to self-report pa in ,  overt behaviour is sti l l  the best 

m ethod avai lab le to quantify pain in  an imals .  The possibi l ity that prey an imals 

may h ide the ir pain from predators poses problems for us ing behaviou r as a 

pa in  assessment tool . However, some of the best research in  th is fie ld has 

been able to encompass th is i mped iment. Work carried out by Lester et a l . 

( 1 991 , 1 996) and Dinn iss et a l .  ( 1 997 , 1 999) comparing the behaviour of 

controls to that of animals fol lowing surgery, with and without anaesthetics or 

analgesics has shown that if a n  analgesic can reduce certa in behaviou rs 

exhibited by a n  an imal fol lowing su rgery to levels exhibited by controls, then this 

behaviour is occurring as a result  of the surgery, and can be assumed to be 

pa in  related . 

I n  future, more work fol lowing these pri nciples needs to carried out to establ ish 

a u n ique set of behaviours for a wide range of species and injuries or surg ical 

p rocedu res as the pain fol lowing inju ries or procedures can not only d iffer 

between species and ind ividuals but they can also be injury specific. Two 

further avenues for future research i nclude determin ing how prey an imals view 
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h umans,  and fu rther investigating the mother-young relationship,  and the affect 

the presence of a predator has on this .  
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Chapter 7 Append ices 

7.0 Appendices 

7.1 Appendix A - Castration Experiment Data 

7 .1 .1 Castration Restlessness Data 

Resu lts from each of the fou r  castrated lambs per pen . 

Treatment 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 

Day 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 

Stimulus 
BARK 
BARK 
BARK 
BOX 
BOX 
BOX 
DOG 
DOG 
DOG 

GOAT 
GOAT 
GOAT 
BARK 
BARK 
BARK 
BOX 
BOX 
BOX 
DOG 
DOG 
DOG 

GOAT 
GOAT 
GOAT 
BARK 
BARK 
BARK 
BOX 
BOX 
BOX 
DOG 
DOG 
DOG 

GOAT 
GOAT 
GOAT 
BARK 
BARK 
BARK 
BOX 
BOX 

Pen 
A 
B 
B 
A 
A 
B 
A 
B 
B 
A 
A 
B 
A 
B 
B 
A 
A 
B 
A 
A 
B 
A 
B 
B 
A 
A 
B 
A 
A 
B 
A 
B 
B 
A 
A 
B 
A 
A 
B 
B 
B 

Lamb 1 Lamb 2 Lamb 3 Lamb 4 
40 1 8  52 23 
57 43 31 9 
48 
27 
80 
1 5  
22 
51  
1 7  
7 

9 1  
1 9  
44 
40 
27 
26 
38 
1 6  
8 1  
23 
1 5  
25 
43 
33 
1 9  
43 
1 5  
7 
1 5  
1 7  
7 

51  
32 
1 5  
30 
3 
0 
8 
9 

1 4  
4 

35 
2 1  
26 
1 4  
7 

4 1  
27 
25 
7 1  
1 7  
1 1  
39 
36 
49 
57 
63 
54 
1 6  
6 

39 
27 
2 1  
7 
2 

3 1  
1 9  
56 
43 

5 
1 7  
0 
5 
1 
4 
1 5  
5 1  
3 5  
1 3  

55 
9 

6 1  
1 5  
1 6  
1 7  
2 5  
2 2  
2 9  
1 0  
1 6  
39 
58 
29 
2 

7 5  
2 5  
2 8  
1 8  
2 1  
5 

27 
2 1  
1 4  

29 

32 

4 
32 
25 
1 3  
1 0  
1 3  
1 2  
1 1  
23 
2 

72 
30 
7 1  
1 8  
9 

33 
2 

32 
24 
41 
44 
1 6  
23 
25 
49 
53 
37 
64 
1 6  
43 
55 
45 
35 
1 9  

45 

3 1  
2 9  
35 
21  
1 1  
59 
25 
0 

30 
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Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 
Castrated 

4 
4 
4 
4 
4 
4 
4 

BOX 
DOG 
DOG 
DOG 

GOAT 
GOAT 
GOAT 

B 
A 
A 
B 
A 
B 
B 

7 . 1 .2 Control Restlessness data 

38 
1 0  
52 
4 
0 

2 1  
1 5  

47 
23 
33 
4 

20 
1 5  
1 9  

The resu lts from each of the four  control lambs per pen . 
Treatment Day Stimulus Pen Lam b  1 Lamb 2 
CONTROL 1 GOAT A 3 9 
CONTROL BOX A 4 4 
CONTROL DOG A 2 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
C ONTROL 
C ONTROL 
C ONTROL 
CONTROL 
C ONTROL 
CONTROL 
C ONTROL 
CONTROL 
C ONTROL 
C ONTROL 
C ONTROL 
CONTROL 
C ONTROL 
C ONTROL 
CONTROL 

1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

GOAT 
BOX 
DOG 

GOAT 
BOX 
DOG 

BARK 
BARK 
BARK 
BARK 
BARK 
BARK 
DOG 
BOX 

GOAT 
BOX 
DOG 

GOAT 
DOG 
BOX 

GOAT 
DOG 
BOX 

GOAT 
DOG 
BARK 
BARK 
BARK 
GOAT 
BOX 
DOG 

GOAT 
BOX 
DOG 

GOAT 
DOG 

BARK 
BARK 

A 
A 
B 
B 
B 
B 
B 
B 
A 
A 
B 
B 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

2 
0 
1 0  
0 
0 
0 
9 
0 
0 
0 
7 
6 
2 
0 
0 
0 
0 
1 
0 
0 
2 
0 
0 
0 
1 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 

0 
0 

0 
3 
2 
0 
0 
0 
0 
5 
0 
4 
0 
0 
0 
0 
0 
3 
0 
6 
2 
0 
8 
0 
0 
3 
5 
0 
0 
0 
0 
0 
2 
0 
0 

3 1  
6 

38 
22 
33 
1 3  
2 

Lamb 3 
7 
3 
0 
0 
0 
0 

2 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
3 
0 
1 1  
4 
0 
2 
5 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

Append ices 

9 
1 7  
4 
1 7  
22 
43 
23 

Lamb 4 
5 
0 
2 
6 
1 3  
3 
2 
0 
0 
0 
0 
5 
0 
0 
6 
3 
4 
0 
0 
0 
1 
0 
3 
7 
0 
0 
2 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
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CONTROL 2 BOX 
CONTROL 2 GOAT 
CONTROL 2 BOX 
CONTROL 2 DOG 
CONTROL 2 GOAT 
CONTROL 2 BOX 
CONTROL 2 BARK 

7 . 1 .3 Time F i rst Sat Data 

Mother 
PresenU Absent Stimulus 

Absent Goat 
Absent Box 
Absent Dog 
Absent Box 
Absent Goat 
Absent Do_g 
Absent Goat 
Absent Box 
Absent Dog 
Absent Dog 
Absent Box 
Absent Goat 
Absent Box 
Absent Dog 
Absent Bark 
Absent Goat 
Absent Dog 
Absent Box 
Absent Goat 
Present Dog 
Present Goat 
Present Goat 
Present Box 
Present Bark 
Present Box 
Present Dog 
Present Box 
Present Dog 
Present Dog 
Present Dog 
Present Bark 
Present Bark 
Present Goat 
Present Goat 
Present Box 
Present Dog 
Present Goat 
Present Box 
Present Bark 

B 
B 
B 
B 
B 
B 
B 

Lamb 1 
1 8 .31  
1 3 .98 
8.23 
8 . 1 

4 .27 
2 .43 

1 4 .25 
2 1 .37 
1 5 .86 
8 .56 
9.69 

1 2  
1 0 .04 
1 2 .82 
0.47 
5.34 

1 3 .23 
1 2 .53 
7 .96 

1 5.43 
1 4 . 1 5  
7 .21  

20.45 
1 3 .92 
1 8 .23 
1 2 .56 
1 6 . 1 9  
7 .85 

1 5.26 
6 .04 

1 6 .97 

1 7 .88 
1 0.84 
2 1 .66 
1 7.99 
22 .94 
1 9 . 1 1 

Append ices 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 3 0 0 
0 0 2 0 

Lamb 2 Lamb 3 Lamb 4 
1 3 .6 5.85 5 .7  

1 3 .04 1 5 .63 1 0 .56 
2 1 .65 20.56 20.37 
5.27 5 . 1 7  1 4 . 1 5 
5 . 1 8  7 . 1 7  1 1 .2 
7 .77 1 3 .47 1 .93 
1 2 .06 22.52 0 . 1 9  
1 2 .58 8 .46 1 3 .48 

6 . 1  7 .92 24.68 
4 . 0 1  2 .49 1 3 .64 
1 .44 1 4 . 74 3 . 1 6  

1 1 .53 1 7 .42 4 .43 
1 0 .88 24 .55 2 . 1 8  
1 9 . 1 8  1 5 .38 0.55 
1 2 .34 2 .47 2 .08 
4 .42 2 1 .4 1  1 . 1 9  
1 9 .77 1 4 . 57 1 6 .92 
1 .49 0.5 5 .57 
6 .29 0.54 4.46 

6.69 2 . 1 1 
22 .53 20.06 4 .06 
1 9 . 1 6  1 4 .67 
26.45 1 8 .84 1 6 .43 

0 .8 
23.32 23.67 3 .4 1  
8 .42 2 .48 8 .22 

20.45 1 .3 4 . 8  
8 .58 2 1 .88 1 6 .58 

1 2 .67 1 2 .3  24.9 1 
2 1 . 1 7  1 5 .6 5 .61  
1 8 .76 20. 1 2  1 3 .48 
20. 1 2  1 2 .56 1 4 .91  
1 6.99 1 8 .81  1 2 .23 

4 .5  1 3 .43 6 .9  
22 .99 1 6.38 1 5 .65 
1 9 . 3 1  23. 1 9  7 .57 
1 5 . 7 1  25.58 
9.58 1 7 .29 
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7 . 1 .4 Average Time Spent Sitting 

Mother 
Present/ Absent Stimulus Pen 

Absent G A 
Absent G A 
Absent G B 
Absent G A 
Absent G B 
Absent G B 
Present G A 
Present G A 
Present G B 
Present G A 
Present G B 
Present G B 
Absent D A 
Absent D B 
Absent D B 
Absent D A 
Absent D A 
Absent D B 
Present D A 
Present D B 
Present D B 
Present D A 
Present D A 
Present D B 
Absent B K  A 
Absent BK B 
Absent BK B 
Absent B K  A 
Absent B K  B 
Absent B K  B 
Present BK A 
Present B K  A 
Present BK B 
Present BK A 
Present BK A 
Present BK B 
Absent BX A 
Absent BX A 
Absent BX B 
Absent BX A 
Absent BX A 
Absent BX B 
Present BX A 
Present BX A 
Present BX B 
Present BX B 
Present BX B 
Present BX B 

Append ices 

Result 
0 .990943 
0 .67 2 1 66 
0 . 84 1 697 
0 .595472 
0 .728695 
0.832445 
0 .64 2005 
0 .609203 
0 .754 1 35 
0.34391 6 
0 .57 0 1 1 2  
0 .499933 
0 .863683 
0 .7231 1 2  
0 .790074 
0.65597 1 
0 .487859 
0 .635027 

0 .7221 67 
0 .692896 
0 .6201 84 
0 . 5553 1 9  

0 . 5959 
0 .648735 
0 . 63 1 93 

0 .497328 
0 .572704 
0 . 52052 

0 .734752 
0 .898543 
0 . 5 1 4532 

0 .47356 1 
0. 50425 1  
0 .46701 1 
0 .779555 
0 .483253 
0 .849522 
0 .642873 
0 .444596 
0 .566533 

0 .596393 
0 .675306 
0 . 829606 
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7.2 Appendix B - Pressure Threshold Experiment Data 

7 .2 .1  Basel ine and Stimu lus pressure threshold readings i n  the 
presence of the dog stimulus 

Average Basel ine val ues calculated from fou r  consecutive read ings,  and the 
stimulus pressure threshold value .  

Sheep 
No. 

1 
2 
5 

1 2  
1 5  
1 3  
5 
9 
1 2  
1 6  
4 
8 
1 1  
1 5  
3 
7 

Dog 
Average Stim u l u s  
Basel ine Value 

1 0 .2 9.2 
7 .45 8.8 

9.275 1 1 .6 
1 1 .5 1 3  

4.375 4 
2 . 1 25 4 

7 7 
5.875 1 2  
7.625 1 0  
2 .75 4 

7. 375 4 .5  
5 .375 1 0  

9.5 20 
2 .375 6 
2 . 1 25 2 

5 6 .5  

Day 

1 

2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 

7.2.2 Basel ine and Stimu lus pressure th reshold readi ngs in  the 
presence of the noise stimu lus 

Average Basel i ne values calcu lated from fou r  consecutive read ings,  and the 
stimu lus pressu re threshold value .  

Noise 
Sheep Average Sti m u l u s  

N o .  Base l i n e  Value Day 

4 8 .675 1 0  1 
6 3 .7  6.7 
1 1  7 .975 8 
1 3  3.275 3 1 
1 0  7 . 1 25 7 2 
1 4  5.875 5 2 
2 7 .375 7 2 
6 5.875 5 2 
1 5  3 .25 3 3 
3 5. 1 25 3 3 
7 7 .75 1 4  3 
1 1  7 .5  8 3 
5 5 5 4 
9 6 . 1 25 7 4 
1 3  2 2 4 
1 6.375 7.5 4 

1 1 1  
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7.2.3 Basel ine and Stimulus pressu re threshold readings in the presence 
of the goat stimu lus 

Average Basel ine values calculated from four  consecutive readings ,  and the 
stimulus pressu re threshold value.  

Goat 
Sheep Average Sti m u l u s  

N o .  Basel ine Va l u e  Day 

7 7.95 1 0 .6 1 
1 0  9.325 9 
1 6  2 . 1 75 3 .5  
7 6 1 1  2 

1 1  8 . 1 25 8 2 
9 .75 9.5 2 

1 5  2 2 2 
3 4 2 . 5  2 
6 3.875 3.5 3 
1 0  8 .75 7 3 
1 4  7 1 0  3 
2 3 .75 3.5 3 
1 6  3 3 4 
4 8 .5  4 .5  4 
8 6.875 7 .5 4 
1 2  7 .625 8 4 

7.2 .4 Basel ine and Sti mulus press ure threshold readings i n  the presence 
of the bark sti m u lus 

Average Basel ine values ca lcu lated from four  consecutive read i ngs, and the 
stimu lus  pressu re th reshold value .  

Bark 
Sheep Average Sti mulus 

N o .  Basel i n e  Va lue Day 

3 4 .925 6 .2 1 
8 7 .75 1 0 .5  1 
9 5.925 7 1 

1 4  7 .5  4 
8 8.625 7 2 
1 2  1 3 .25 5 2 
1 6  3 .625 3 .5  2 
4 8.625 4.5 2 
9 1 0  8 3 
1 3  3 3 3 

8 1 6  3 
5 5 . 5  6 . 5  3 

1 4  4.875 5 4 
2 5 .75 2 .5  4 
6 5 .5  3 4 
1 0  5.375 3.5 4 

1 1 2 
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7 . 3  Append ix C - AN IMAL ETHICS APPLICATIONS 

AEC/5 (Amen ded 1 0/00) 

A n i m a l  Eth i cs C o m m ittee 
To: Secretary 

Animal Ethics Committee 
Old M ain Building 
Twitea, Palmerston North 

Please send this origina l  (1) application plus thirteen (13) copi es 
Application due one week prior to the meeting 

APPLICATION FOR APPROVAL OF PROPOSED EXPERIMENTAL/TEACHING 
PROCEDURES USING LIVE ANIMALS 

1 .  CHIEF APPLICANT: (staff member only) 

(a) Name E dward 0. Minot 

Qualifications BSc MSc DPh i l  

Position Associate Professor 

Inst/Sch/Dept INR 

2 .  OTHER APPLICANTS: (see Code Section 5. 1 for those who should be listed) 

(a) Name Kevin J. Stafford 

Qualifications MVB PhD 

Position Associate Professor 
• . • • • • • • • • • • . •• • • • . • • • • • • • • • • • . . . . • • . • . . • • • • • • • • • • . • • • . . • • . • . . . . . • . . . . . . . • •  ;r • • • . • • • • . .. • . • . . • • • . . • • • • . • • • • • •  ._ ... . .. . ... . . . .. . ... . . . . . . . . . . . . . . . . .. . . . . . .. ... . . . . . . . .  . 

(b) Name S uzanne Thomas 

Qualifications B S c  

Position MSc student 

(c) Name 

Qualifications 

Position 

OFFICE USE ONLY 

Date Received: 

Protocol No: 

Decision : 

8 E: C E I V E D  
? 6 S E  P 2003  

QRJ�'. 

Copy for: 

Appljcimt 

Date sent: J'Oi I o(o 3 

Head of Institute/Department 

Office 

MASSEY lJ f'.J i VERS ITY A N l iVl A L  
ETH I CS COMM ITTI::.E 1 1 3 

APP ROVED 
...... . 
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3. DETAILS OF PROJECT: 

(a) 

(b) 

Title Does the presence of a predator influence lamb behaviour after castration 

Commercial sensitivity status Yes D 
No [KJ 

4 .  JUSTIFICATION OF PROJECT: 

(a) What are the expected benefits of the  p roposed w ork and how will  the  n ew knowle d g e  be 
commu nicated to others?  (Benefits may include improved basic lowwledge, improved animal 
health, teaching) 

In the veterinary and ecology l i terature it is frequently stated that prey species, when injured or 
diseased, will  attempt to behave in a normal manner i .e .  similar to conspecifics, so as not to draw 
the attention of a predator. This hypothesis has not been tested. It is a significant hypothesi s  as the 
lack of overt behaviour indicative of pain in some farm animals after painful husbandry procedures 
such as castration has been interpreted to indicate that the animal is not experiencing pain. It may 
be that the human observer is perceived as a predator and affects the animal ' s  behaviour. 

Lambs are restless after ring castration, standing up and lying down many times in the 30 m i nutes 
fol lowing the procedure. If the presence of a dog, which is generally considered a significant 
predator for sheep, has no effect on lamb behaviour after castration then it  is probable that the lamb 
has a predetermined pattern of behaviour that is  not influenced by environmental factors or the 
lamb does not identify the dog as a predator. The lamb ewe dyad is used in  this trial to e liminate 
the latter possibility. If the presence of a predator influences the pattern of behaviour then b ehaviour 
as an index o f  pain in livestock can only be used within a defined environment. 

Thus the effect  of a predator on am mal behaviour may have significant implications on our use of 
behaviour to identify whether animals are or are not experiencing pain. 

(b) Why is i t  n ecessary to use animals for this activitJ? (The term "animal " is defined in the 
Code of Ethical Conduct, Item 9) 

This study investigates the behaviour of sheep and cannot be done in any other way. 

1 1 4 
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5. DESCRlPTION O F  PROCEDURES AND MANIPULATIONS: (Manipulation is defined in the Code 
of Ethical Conduct, item 9) 

(a) Give a br ief  d escrip t ion  o f  y o u r  trial  design/teac h i n g  demonstrat ion .  (One or two 
paragraphs) 

3 84 lambs will  be used in this trial and exposed for the 3 0  m inutes after c astration t o  
one o f  four different stimuli  either i n  a group of lambs only o r  i n  the company o f  
their mothers. Half of the lambs will  b e  castrated durin g  the triaL 

Groups of 64 to 80 ram lamb s and their ewes will b e  brought into the yards of tb e 
wool shed at Tuapaka on each morning of the trial .  The lambs wil l  be used in groups o f  
8 at a t ime.  Immediately before a tri al the lambs and ewes w i l l  be separated. T h e  
experimental group o f  lambs (4 lambs) will  b e  castrated by rubber ring and the c o ntrol  
group ( 4 l ambs) wil l  be caught and th eir  scrotum h andled but wil l  not be c a s trated. 
There wi ll  be two lamb treatments; Lambs alone  - lambs will be separated from t h e i r  
mothers until the end of t h e  trial ,  a n d  Lambs with ewes - lambs and ewes are placed 
in a pen but held separate by a gate through out the tri a l .  

T h e  observation p e n  i s  approxi mately 3 x 3 m  a n d  will bold 8 lambs at a t i m e  fo r 
each trial ,  4 castrated and 4 controls .  The 8 ewes will  b e  held in two adjacent pens and 
will be able to contact th eir lambs through a gate. Each lamb will be identified with a 
number spray painted on its back. Only one ram l am b  from a set o f  ram l amb twins 
wil l  be used. The stimuli will be presented i n  random order throughout the day. 

During a trial,  one of four stimuli wil l  be presented to the lambs for 30 minutes and 
the lamb behaviour wil l  b e  videotaped for this period of time. The stimuli ,  a cardboard 
box, a dog, a goat and a tape recorder playing the noise of a dog barking will be p laced 
at one end of the pen. B etween 64 and 8 0  lambs will  be used each day and the trial will 
take up to 6 days. The behaviour of al l  lambs will  be recorded and any di fferences 
between the castrated and control lambs subjected to the stimuli will be analysed using 
MANOVAs. 

At the end of each day all the control lambs will be castrated and all lambs will be 
tailed before being released back onto pasture with their mothers. 

Protocol 
L a  m b T r e a 

Lambs alone 
Treatment Castrated Control 
Dog 24 B 24 A 
Barking 24 B 24 A 
Goat 24 B 24 A 
Box 24 B 24 A 

O=No suffering A=Little suffering B=Moderate suffering 

t m e n t 
Lambs with ewes 

Castrated Control 
24 B 24 A 
24 B 24 A 
24 B 24 0 
24 B 24 0 

(b) How many animals will you use and how h ave you d etermined the n u mber of animals to be 
used? Where a p ower analysis is appropriate, provide details to justi fy animal numbers. 

3 84 l ambs in  1 6  groups of 24. Previous research suggests that the use of 4 animals in each 
treatment group with 6 replications of each treatment w i l l  allow the statistical tests to  have 
sufficient power to detect meaningful differences in behaviour. 1 92 ewes will be present for 8 of the 
1 6  groups and a further 1 92 ewes will- be separated from their lambs for the duration of the 30-
minute trials. 
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(c) Describe the manipulations to be performed o n  the animals. 

These lambs wil l  be subjected to castration and tai l  docking using rubber rings as part o f  normal 
farm practice.  The appli cation is for perm ission to observe the lambs after c astratior. with or 
without their dams and subject to exposure to specified stimuli .  3 84 lambs and about 3 84 ewes 
wil l  be involved. 

(d) How will the proposed manipulation affect  the well-being of the animals? 

Castration is  painful and stressful and separating the lamb from their dam is also m oderately 
stressful for lambs and ewes (3 84). The presence o f  the dog and the barking may be stressful but 
the goat and box will  not be. The presence of the dam might reduce the stress caused by the dog 
and barking. 

(e) D escribe any restraint applied to the animals. 

Lambs will be held in a smal l  pen with their dams and then held in an observation pen for 30 
minutes. Lambs will be caught and held to allow castration and tailing. All  lambs wil l  b e  caught 
three times to allow spray painting, treatm ent (castration, control handling) and after the trial 
tailing with or without castration . Ewes will  be held in a wool shed and half of them will be 
caught and moved into pens beside their lambs . 

6. CARE OF ANIMALS: 

(a) What access will the animals h ave to water? 

Water will  be available at all times except in the h olding pens and observation pens. 

(b) Describe the feeding regimen for the animals.  

Food will  be withheld during the trial from ewes.  Lambs will  be held separate from their dams for 
less than an hour. 

(c) From where  wiJI the animals be obtained ? 

Massey Farms 

(d) Where will the animals be kept throughout the  study period? 

In the yards and wool shed at Tuapaka Farm, Massey University 

(e) Who is responsible for the routine care a n d  h e alth surveillance of the anim als? 

The farm manager 

(f) If t h e  Chief  Appl icant  i s  u n available, who wil l  make decisions if e mergency care  i s  
required? 

Kevin Stafford 

7. FATE OF ANIMALS :  

(a) What  wil l  h appen to the animals at the completion of the study? 

They will be returned to their paddocks 

(b) If any animals are to be euthanased, describe the m ethod. 

NA 

8. A LLEVIATION OF IMPACT OF M AN IPULATIONS: 

(a) Wha t  features of the man ipulations minimise their impact on the animals? 

In several previous trials we have observed lambs after castration without any obvious problems. 
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(b) Stipulate tbe use (a nd dose rate and route of ad m i n istration) of any a naesthesia, a n algesia, 
sedative, t ra n q u i l l iser or other p h a rm acologica l agent a p plied to red uce the im pact of 
mani p u la tion s  on the a n i m a ls. 

None wi l l  be used 

(c) What freq uency of monito ring is to be m a inta in ed ?  

Continuous monitoring during the trial itself. 

(d) What advice rega rd ing identifica tion of any expected adYerse effects w i l l  be given to staff 
res ponsible for the ongoing care of tbe a n i m als? 

There should be no problems. 

9. EXPERIENC E  OF APPLICANTS: 

(a) What is the experience of the applica n ts with the tec h n iques being used in t b is proj ect? 

Kevin Stafford ( 1 0  years) has carried out many trials s imi lar to this one on lambs and Suzanne 
Thomas comes off a sheep farm . .  

(b) If an a p p lica n t  is using a technique with wh ich b e/sbe has no p rev ious experience, what 
training will be provided? 

NA 

(c) List the people provid ing professional services and the services provided. (These personnel 
need not be applicants - see Code of Ethical Conduct, Item 5. 1) 

1 0. S IG NATUR ES OF APPLICA NTS: 

I certify that: 
(a) I have read the Massey University Code of Ethical Conduct for the Use of L i ve Animals  for 

Teaching and Research and agree to comply w ith its requirements throughout the duration of the 
proposed procedures; 

(b) to the best of my knowledge, this protocol or one substantial ly like it has not been decl ined by 
another Animal Ethics Committee. 

Note: Carefu l ly read (a) and (b) above before s igning 

S ignature(s) of Applicant(s) 

Date: 24/09/03 

Printed Name(s) of Appl icant(s) 

Edward 0. Minot 

Kevin Stafford 
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1 1 .  APPROVED BY DESIGN ATED SIGNING AUTHORITY : 

S igned: 
J 

Appendices 

Date: 

Name: 
' 

l k"""":i :t.-::4:..--.:. )L c'\7..:: 4 -eL-L ( /L- I . 
Institute: 

1 2 .  MAF STATISTICS FORM :  
Please ensure that a n  "Animal Use Statistics" fonn i s  completed and attached. 

NOTES: 
(a) The staff member w i th signing authority delegated from MUAEC must not s i gn his/her own a p p l i c a tion 

in Section 10  above. Please obtain the  signature of another staff member with delegated authority. 

(b) Any departure fro m  an approved protocol that adversely affects the welfare or increases the number of 
animals must be approved by the Chair of MUAEC acting with authority vested through paragraph 5 . 1 0  
o f  the Code of Ethical Conduct. However, in the case of modifications of a minor nature only, t hese may 
be approved in writing by any staff member with d e legated signing authority. A descript ion of such 
minor modifications (including approval )  shall be submitted to the Secretary of MUAEC who wil l  attach 
i t  to the original  protocol and note i t  on the agenda for the next meeting. Furiher copies sha l l  b e  
attached t o  the protocols held b y  the Institute and the C h ie f  Applicant (Code 5 .6). 
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ANIMAL USE STATISTICS 

APPLICATION/FINAL RETURN FORM 

(Amended 1 1/2/01)  

I f  more than o n e  animal type is required then fi l l  in one form for each type. 

Append ices 

Protocol ID 

i 
. I c-: 3 t / i  I . 

Application:  When applying to the AEC for approval of a manipulation the applicant should complete Box 
and enter in boxes 2 to 7, in the 'Planned ' column (P), the appropriate figures for the number of animals 
required. 

Final return: When the manipulation is completed, B oxes 2 to I 0 should then be c ompleted in the 'Used ' 
column (U) by entering appropriate figures for the number of animals which were actually used. 

Chief Applicant: E 0 Minot 

Inst/Sch/Dept: INR 

Title of Project: ... .P..<?.�� .. t.�� . .P.!.��.�!l.�.� .. �.f..<: . .  P.���.C:.�!?.� . .  �.0.!:1.�!1�.� . .  !�.�.l?..�.���.�!�.�!..�f!�?: .. �.':l.�.���.<?.!? ............. .. .... .. . .. . . . . . . . . .. .. . 

1 .  Animal type: Sheep Lambs and ewes Code: I f  (see bonom ofthisj�·;:;;.,T············· · . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 .  Source o f  animals (n umber) 3 .  Status o f  animals (numb er) 

p u 
Breeding unit A NormaVco'nventional a 

Commercial B * SPF/germ free b 

Farm c 768 Diseased c 

Born during project D Transgenic/chirnaera d 

Captured E Protected species e 

Imported F Unborn/prehatched f 

Public sources G Other g 

TOTAL = A * Specific pathogen free 

4 .  Main category of manipulation/use (enter the total from 2 above in one box only) 

p u p u 
Teaching A Animal d Veterinary 

husbandry research 

Species B Basic biological e 768 Commercial 
conservation research 

Environmental c Medical research f Other 
management 

5 .  Any re-use of  animals (number to  be  inserted) _ 

p u p u 

p 
768 

g 

h 

J 

No prior  use a 768 Previously used I b 0 Total a +  b = 

u 

p u 
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AEC/5 (Amended 1 0/00) 

A n i m a l  Eth i cs C o m m ittee 
T o :  Secretary 

Animal Ethics Committee 
O ld Main Building 
Turitea, Palmerston North 

Please send this origi nal (1) application plus thirteen (1 3) copie� 
Application due one w eek prior to the meeting 

APPLICATION FOR APPROVAL OF PROPOSED E XPERIMENTAL/TEACHlt�G 
PROCEDURES USING LIVE A N I MALS 

1 .  C HI E F  APPLICANT: (staff member only) 
(a) Name Ed Minot ------------------------------------------------------

Qual ifications PhD ------------------------------------------------------
P osition Associate Professor 
Inst/Sch/Dept INR 

2 .  OTH E R  APPL I CANT S :  (see Code Section 5. 1 for those who should be listed) 
(a) Name Kevin Stafford ------------------------------------------------------

Qualifications MVB PhD ------------------------------------------------------
P osition Professor 

(b) Name Suzanne Thomas 
Qualifications B S c  ------------------------------------------------------
Position MSc student 

(c) Name 
Qualifications 
Position 

OFFICE USE ONLY 

Date Received: 

Protocol N o :  

Decision: 

R E C E I V E D  
2 8 o c T 1 n n :� 

Copy for: 

Applicant 

c I Head of Institute/Department J---i:;l;:;�q u,.,.i tA�y'-c&r'6-JE!Orij+rl 1-t?oic""'s -_-+1-
Office 

Date sent: 
. I ) "' --, 
1 -:r 1 , 1 r ·-::CS 

\ 

0 �} 1 _-_;> '..J-- _ 
J! e!o MASSEY U N I VE RS ifY AN I MAL.  ....:=::..-=-t-t.!....J'=----...::,----- j' . ETH ICS COMM irTEE 

, • v'. __£� , APPROVED 
1 2 1  

� �(-:; � 

· _.  
Date: ......... .... l..f. .. Lf../. .. Q,Z ___ _ _ 
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3 .  DETAILS O F  PROJECT: 

Appendices 

(a) Title Does the presence of a predator influence sheep pain threshold measurements 

(b) Commercial sensitivity status Yes D 
No [KJ 

4 .  J USTIFICATION O F  PROJECT: 
(a) What are t h e  expected b enefits of the proposed work and how will the new knowledge be 

communicated to others ? (Benefits may include improved basic knowledge, improved animal 
health, teaching) 

In the veterinary and ecology l iterature it is frequently stated that an animal of a prey species, when 
injured or diseased, will attempt to behave in a normal manner, i . e. similar to healthy conspecifics, 
so as not to draw the attention of a predator. This hypothesis has not been tested. It  is a significant 
hypothesis b ecause the absence of overt behaviour indicative of pain in farmed animals after painful 
husbandry procedures has been interpreted to indicate that the animal is not experiencing p ain. This 
study is one of a series to investigate the impact o f predator presence on the behavioural expression ol 
pain in sheep . 

In this study, the pain threshold of sheep will  be monitored under different conditions. The presence 
of a dog on the pain threshold of sheep will be measured. If the presence of a predator influences this ,  
then behaviour as an index of pain in livestoc k  can only be used within specific  environmental 
contexts. 

Whether or not the presence of a predator has an effect on the pain threshold and b�haviour of sheep, 
the results h ave wider implications regarding our ability to identify when animals are experiencing 
pain. 

(b) Why is it ne cessary to use animals for this a ctivity? (The term "animal " is defined in the Code 
of Ethical Conduct, Item 9) 
This study investigates the behaviour of sheep and cannot be done in any other way 

5 .  DESCRIPTION O F  PROCEDURES A N D  MANIPULATIONS: (Manipulation is defined in t h e  Code oj 
Ethical Conduct, Item 9) 
(a) Give a brief descriptio n of your trial des ign/teaching demonstration. (One or two paragraphs) 

This experiment looks at whether sheep, in the presence of a predator, will change the amount of 
pressure they will withstand before moving their leg. The following experiments will be carried out 
over a series of days in November - December 2003. 

20 sheep will be used in this trial and exposed to four different stimuli .  For each of the four 
stimuli a pain threshold value will be obtained from each sheep. The pain threshold technique is  
described in Ley et al .  ( 1 995; Vet.Record 1 37 : 85-87; attached to top copy).  

Firstly, it needs to be established whether a sheep will  consistently respond to the same level of 
pressure, in the absence of  a predator. Each of the 20 Sheep wil l  be trained to stand in a sheep box, 
and a pressure plate wil l  be p laced around the sheep 's back, right leg. Pressure will  be applied to the 
p late until the animal moves its leg. The amount of pressure applied until the sheep moves will be 
recorded for each test on each sheep, and will be referred to as the pain threshold. This method will 
be applied to each sheep until the sheep responds to the same pressure five consecutive times.  This 
will be carried out for a maximum of twenty times, and then abandoned if five consecutive, 
consistent results are not obtained. 

Once 5 c onsistent pain threshold values have been obtained for a particular sheep, this sheep will  
be subjected to one of the four stimuli ,  and a final threshold measurement will then be taken. This 
will then be repeated for each of the other sheep. Each sheep will be subjected to each of the four 
treatment stimuli over the course of the study. The four stimuli presented to the sheep will b e  a dog 
on a lead, a goat on a lead, the sound of a dog barking, and a novel sound such as loud machinery. 
Only one stimulus will be tested on each sheep per day. Approximately 1 6  sheep will be tested each 
day over a one week period. A residual effects Graeco-Latin square design will be used to randomise 
the treatments and times of  day across the sheep . This design will maximise the information gained 
from the trial .  

· 

The sheep will be able to see five other 'buddy' sheep in surrounding boxes. There will be a total 
of 20 'buddy'  sheep. This will mean that each buddy sheep will only spend a maximum of four 
hours in a box each day . 
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(b) How many animals will you use  a n d  how have you determined the number of an imals to be  
used ? Where  a power analysis is appropriate, p rovide d etails to just ify animal  n u m b ers . 
20 Ewes wi l l  be used as test animal s and 20 Ewes wi l l  be used as Buddy sheep so al l  together 40 
Ewes will  be required. 

(c) D escribe the m anipulations to b e  p erformed on the animals. 
The sheep w i l l  be trained to stand in a sheep box, and a pressUie plate will be p laced around the i..I 
back right leg 

(d) How will the  proposed manipulat ion affect the well-being of the animals? 
The pressure of the plate is a pain ful and moderately stress ful procedure for all animals, but the sheep 
wi l l  be released as soon as they react to the pain. 

(e) D escribe any restraint  applied to t h e  animals. 
The animal wil l  be placed in a sheep box, which will  be the only form o f  res traint, other than being 
held in a set of sheep yards .  

6 .  CARE O F  ANIMALS: 
(a) What access will the  animals h ave to water? 

Water will  be available at al l  times except in the pens and sheep box . 

(b) Describe the feeding regimen for the  animals. 
Food wil l  be withheld during the trial from ewes 

(c) From where will the  a nimals be o b tained? 
Massey University Veterinary Large Animal Teaching Unit Farm 

(d) Where will the  animals be kept t h roughout the study period? 
At the Veterinary Large Animal Teaching Unit, Massey University 

(e) Who is responsible for the routine care and health surveil lance of  the  animals? 
Kevin Stafford 

(f) I f  the  Chief Applicant is u n available, who will make decision5 if emergency care is required? 
Ed M inot 

7 .  FATE OF ANIMALS: 
(a) What will happen to the  animals a t  the  completion of the study? 

They will be returned to their paddocks 

(b) I f  any animals are to b e  euthanased, d escribe the method. 
NA 

8 .  ALLEVIATION OF I MPACT O F  MANI PULATIONS :  
(a) What features of the m anipulations minimise their impact on the animals? 

This method has been carried out before with no probl ems 

(b) St ip ulate the  use (and dose rate a n d  route of a d m inistration) of any anaesthesia, a nalges i a, 
s e da tive, tranqui l liser or other p harmacological agent applied to reduce the  impact  of  
m anipulations o n  the animals.  
N one wil l  be used 

(c) What  frequency of monitoring is t o  be maintained ?  
Continuous monitoring during the trial itself. 

(d) What advice regarding identifica tion of any expected adverse effects will b e  given t o  stafl 
responsible for the  ongoing care of the animals? 
There should be no problems. 

9. EXPERI ENCE OF APPLICANTS : 
(a) What is the experience of the appl icants with the  techniques being used in this proj ect? 

Kevin Stafford (1  0 years) has carried out many trials s imilar to this one. 

(b) I f  an appl icant  is  us ing a tec h n ique  with wh ich  he/sh e  has no p revious exper ience, w h a t  
training w i l l  be p rovided?  
NA 

(c) L is t  the people p roviding professional  services a n d  the services p rovided. (These personnel 
need not be applicants - see Code of Ethical Conduct, Item 5. 1) 
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(b) How many animals wil l  you use a n d  how have you determined the n u mber of a ni m als to be  
used? Where a power analysis is appropriate, p rovide details to  j ust ify animal  n u m b ers . 
20 Sheep wil l  be used as test animals and 20 sheep wil l  be used as Buddy sheep so al l  together 40 
Ewes will be required. 

(c) Describe the manipulations to be p erformed on the a nimals. 
The sheep will  be trained to stan d  in a sheep box, and a pressure plate will  be placed around the i.J 
back right leg 

(d) How will the proposed manipulation affect the  well-being of the animals? 
The pressure of the pl ate is a painful and moderately stressful procedure for a l l  animals, but the sheep 
wi l l  be released as soon as they react to the pain. 

(e) Describe any restraint applied to the animals. 
The animal will  be p laced in a sheep box, which will  b e  the only form of restraint, other than being 
held in a set of sheep yards. 

6 .  CARE O F  ANIMALS: 
(a) What access will the  animals have to water? 

Water will be available at all  times except in the pens and sheep box. 

(b) Describe the feeding regimen for the  animals. 
Food wi l l  be withheld during the trial from sheep 

(c) From where will  the animals be o btained? 
M assey University Veterinary Large Animal Teaching Unit Farm 

(d) Where will the  animals be kept throughout the  stu d y  period? 
At the Veterinary Large Animal Teaching Unit, Massey University 

(e) Who is responsible for the routine  c are and health surveillance of t h e  animals? 
Kevin Stafford 

(f)' I f  the Chief Applicant is unavailab le, who will make decisions if emergency care is required? 
E d  Minot 

7 .  FATE OF AN I MALS: 
(a) What will h appen to the animals at the completion o f  the study? 

They will be returned to their paddocks 

(b) If any animals  are to be euthanased, describe t h e  method. 
NA 

8 .  ALLEV IATION O F  I M PACT OF MANI PULATI ONS :  
(a) What features of the manipulations  minimise their impact on the a nimals? 

This method has been carried out before with no problems 

(b) Stipulate the use (and  dose rate a n d  route o f  administration) of any anaesthesia, a nalgesia, 
sedative, tranqui l liser or other p h armacological agent appl ied to reduce the i mp act ol 
m anipulations  on the animals. 
None will be used 

(c) What frequency o f  m onitoring is to be maintained?  
Continuous monitoring during the trial  itself. 

(d) What advice regarding identification of any expected adverse effects will b e  given to stafl 
responsible for the ongoing care of the animals? 
T here should be no problems . 

9 .  EXPERIENCE O F  APPLICANTS : 
(a) What is the experience of the appl icants with the  t echniques being used in this p roject? 

Kevin Stafford ( 1 0  years) has canied out many trials similar to this one. 

(b) I f  an applicant is u sing a techn ique with which he/she  has n o  p revious experience, wha1  
training will  be  p rovided? 
NA 

(c) List  the people p roviding profess ional services a n d  the services p rovided. (These personnel 
n eed not be applicants - see Code of Ethical Conduct, Item 5. 1) 
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1 0. SIGNATURES OF APPLICANTS: 
I certify that: 

Appendices 

(a) I have read the Massey University Code of Ethical Conduct for the Use of Live A n imals for Teaching 
and Research and agree to comply w ith  its requirements throughout the duration .)f the proposed 
procedures; 

(b) to the best of my knowledge, this protocol or one substantial ly l ike it has not b�en dec lined by 
another Animal  Ethics Committee. 
Note: Carefu l ly read (a) and (b) above before signing 

S ignature(s) of Applicant(s) Printed Name(s) of Applicant(s) 

f A!Prof Ed Minot 

Date: 25 October 2003 

Prof Kevin Stafford 

Suzanne Thomas 

1 1 . A PPROVED BY DESIGNATED SIGNIN G  AUTHORITY: 
I have read this appl ication and agree that it meets the. intent and spirit of the Massey U n i versity C od e  of 
Eth ical Conduct for t U se of Live Animals for Teach ing and Research : �R I j to./ O O 'Z S i gned: Date: -A��.? 
Name: ':£.� , �P4JJ�e:-({ 
I n st i tute: - / I\{' {)___ 

1 2 .  MAF STATISTICS FORM: 
Please ensure that a n  "Animal Use Statistics" form is completed and attached. 

NOTES: 
(a) . The staff member with signing authority delegated fro m  MUAEC must not sign his/her own application i n  

Section 1 0  above. Please obtain the signature of another staff member with delegated authority. 

{b) Any departure from an approved protocol that adve rsely affects the welfare or increase5 the number o l  
animals must b e  approved b y  the Chair of MUAEC acting with authority vested through p;uagraph 5 . 1 0  o l  
the Code o f  Ethical Conduct. However, i n  the case o f  modifications of a minor nature o n l y, these may b e  
approved in  writing b y  any staff member with delegated s igning authority. A description of such m i n 01 
modifications ( i ncluding approval) shall be submitted to the Secretary of MUAEC who w i l l  attach it to t h e  
original protocol and note it  on t h e  agenda for t h e  next meeting. Funhcr copies shall be attached t o  t h e  
protocols held by the institute and the C h i e f  Appl icant (Code 5 .6). 
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ANIMAL USE STATISTICS 
APPLICATIONIFINAi RETURN FORM 
(A m ended 1 1 /2/0 1 )  

I f  more than o n e  animal type i s  required then fi l l  i n  one form for each t yp e .  

P r o t o c o l  ID 

'03 ) 1 -·2. � 
I 

Application: When applying to the AEC for approval of a manipulati on the applicant should complete B o x  
and enter in  boxes 2 to 7 ,  in t h e  'Planned ' co lumn (P) ,  t h e  appropriate figw es for the number of animals 
required. 

Final return: When the manipulat ion is completed, Box es 2 to 1 0  s hould then be c o mpleted in the ·u�ed ' 
c o l umn (U) b y  entering appropriate figures for the number of animals which were actual ly used. 

Chief Applicant :  Edward Minot 

Inst/Sch/Dept :  Institute of  Natural Resources 

Title of Proj ect :  Sheep P a i n  Th res h o l d  in the Presen c e  of a P redator 

1 .  Animal typ e :  Sheep I f 
(see bouom of eh is form) 

2 .  Sou rce o f  animals (n u m ber) 3 .  Status o f  animals (number) 
' p u p u 

!Breeding unit  
: 

NormaVconventional 40 a a 
Commercial b * SPF/genn free b 
IF arm c 40 Diseased c 
!Born during project d Transgenic/chimaera d 
Captured e Protected species e 
IJ.mported f Unbom/pre�atched f 
!Public sources g Other _g 
TOTAL = A * Specific pathogen free 

f4. Main category of manipulation/use (enter the total from 2 above i n  one box only) 
p ·. u p u p u 

Teaching a (\n imal husbandry d IV eterinary g 
esearch 

S pecies b Basic biological e 40 Commercial  h 
conservation research 
Environmental c Medical research f Other J 
management 

5 .  Any re-use  o f  animals number to be inserted) 
p I u I I p I u 

No prior use I a I !Previously used I b I 40 I tTotal a + b = 40 
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Chapter 7 

6. Grading o f  manipulations (number in  each grade to be inserted) 

A manipulation or use that c auses no stress o r  pain or virtually no stress or pain .  tNo suffering or virtually n o  suffering. 
lA manipulatio n  or use that causes stress, or pain, of a minor inl ensity for a short 
duration. Little suffering. 
lA manipulatio n  or use that c auses stress, or pain,  of a minor intensity for a long 
duration, or o f  a moderate intensity for a short durat ion. Moderate suffering. 
A manipulation or use that c auses stress, or pain, of a moderate intensity for a 
long duration, or of a severe intensity for a short duration. S evere suffering. 
A manipulation or use that cause stress, or pain, of a severe intensity for a long 
duration, or o f  a very severe intensity for any duration. Very severe suffering. 

17 . Expectj!d D ate of CompletiOn :  Apn l 2004 

Appendices 

Grade p 
0 �� 
" � ""· 

B 

c 

X 

ANIMAL D ISPOSITION/FATE AT CONCLUSION OF EXPERIMENT/TEACHING E XERCISE 
ETC OUTLINED IN THIS PROTOCOL 

u 

The data in boxes 8 to I 0 refer  only to the an imals noted in this protocol which actually entered the proj ect  and 
were manipulated - they do not refer to those it was proposed to manipulate but which were never used. This 
information i s  t o  be provided only when the experiment/teaching exercise has been completed and the animals 
have been disposed of as below. 

8.  Alive Used 9 .  Dead Used 
Retained by your insti tution ' s  a Ki l led for dissection, sampling, a 
farms/ co I on i es  aking organs 
Returned to c ommercial farmers b Died/destroyed in the course of the b 

manipulation/use 
Released to the wild c Euthanased after manipulation or use c 

Disposed of to others d Died/destroyed for reason not d 
associated wjth manipulation/use 

TOTAL A L IVE =B= [TOTAL DEAD =C= 

11 0. GRAND TOTAL MANIPULATIONS/USED = B + C = 
Check on the final return that B + C = A in the "Used" column of Box 2. 
BOX 1 :  ANI MAL TYPE CODES: 
Animal Type 
Rodents 

Rabbits 
Farm Animal� 

Other Domestic Mammals 

Code 
1 a =  M ice 
1 b = Rats 
I c = Guinea Pigs 
I d = Hamsters 
I e = Rabbits 
I f =  Sheep 
I g = Cattle 
I h = Goats 
I j = Deer 

1 k = Pigs 
I m =  Horses 
1 n = Dogs 
I o = Cats 

Animal Type 
Birds 

Miscel laneous 

Other 

Code 
I p = Fowls, Chickens 
I q = Pigeons 
I r = Other Birds 
I s = Marine Mammals 
I t = Possums 
I u = Reptiles 
I w = Amphibia· 
1 x = Fish 
1 z = Octo pus,  S q u i d ,  Crabs, 

Lobster, Crayfish 
I y = Other Species ( * name) 
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