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ABST��CT 

Newborn lambs ( less than 48  hours old) were exposed to a range o f  

environments and the ir responses to  cold-s tress examined . The s t udy 

centred on Romney lambs , with Mer inos and Drysdale-Romney crosses us ed 

for comparat ive purposes . Exper iments were conducted in a c l imate 

chamber , the des ign of which is described .  Environmental components 

examined we re amb ient temperature (5 to 30°C) , airspeed ( 0 . 0  to 1 . 9  

-1  
m sec  ) and we tness . The two main indices of  res is tance to cold-

s t ress , together with their repeatab il i t ies , were heat produc t ion 

(r = 0 . 5 3  to 0 . 59 )  and rate of decline in rec tal temperature ( r  = 0 . 62  

to  0 . 84 ) . 

The summit metabolic rate o f  Romney lambs was 1 8 . 0 3  ± 0 . 6 3 W kg
-l 

Wet lamb s  became hypo thermic at  amb ient temperatures as high as 15°C 

but  dry lambs d id not app roach the l imi t o f  their ab i l i ty to control 

body temperature . Air movement increased heat produc t ion by 7 to 

20 % over condit ions of  s t ill air . 

Twin lambs exhib i ted a lower res is tance to cold- s t ress than 

s ingles , th is being a funct ion o f  the ir  lower bodywe i gh t , poorer b irth­
\ 

coat ins ulation and possib ly lower summi t metabolic rate . Female 

lambs were less res is tant to co ld-s t ress than males in only one 

experiment . This e ffect could not be accounted for solely by be tween-

sex differences in body we igh t . 

Age e f fe c ts were small and were mainly related to drying o f  the 

b irthcoat . Unfed lambs less than 1 hour old had a s imilar thermo-

regulatory ab ility to older fed lamb s . Summit me tabo lism appeared 



iii 

not to  b e  a f fected by age or feeding . 

Dry Romney and Drysdale-Romney cross lambs frequently failed to 

cons trict  b lood vessels of the hind limb immediately upon entering 

the cold zone and had higher skin temperatures than Merino lambs . 

Wet lamb s  exhib i ted low skin temperatures cons is tent with the con-

s tric t io n  o f  peripheral blood vessels having occurred . Skin tempera-

ture dec lined rap idly with age in lambs less than 1 hour old . 

Geno type for face cover did no t affect  the lamb ' s  res is tance to 

cold-s t ress ,  skin temperature , bodywe ight or coat charac teris t ics 

(hip coat depth , mids ide coat dep th , mids ide wool we ight per unit 

area o f  skin) . 

Bodyweight  was an important determinant of  res is tance to cold-

s tress . Heat produc t ion in cold conditions was proport ional to body-

weight raised to the power 0 . 78 to  0 . 85 .  

Drysdale-cross lambs had greater coat dep ths and mids ide wool 

we igh t  ( per uni t  area of  skin) than Romneys , and a superior res is tance 

to cold-s tress . Coat dep th was moderately repeatab le ( r  = 0 . 4 3 to 

0 . 7 3) and was reduced by we t t ing only in the Drysdale-cross lamb s . 

S ire o f  the lamb appeared to influence coat depth but not mids ide 

wool wei gh t .  

Heat product ion was negatively related t o  each o f  the coat 

chara c ters , the relationships be ing curvilinear in one experime nt . 

Mids ide wool weight  and coat dep th were largely independent in their 

control of metabolic rate . Coat insulat ion per uni t o f  dep th or 

mids ide wool weight  was not influenced by wet ting or air movement 
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(within the range available) . 

High coat dep ths and mids ide wool  weigh t  in the birthcoat were 

(pheno typically) associated w ith high greasy fleeceweight  and s taple 

length , s l i gh tly p oorer colour , and a possible inc rease in f ibre 

diame ter and medullation , in the hogget  f leece . 

App l i cat ion o f  the resul ts is discussed with respect to available 

methods of select ing or managing lambs for an improved res is tance to 

cold-s tress and a reduced inc idence of s tarvation-exposure mortal i ty . 
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C H A P T E R I 

INTRODUCT ION 



CHAPTER I 

INTRODUCTION 

The Contr ibution of "S tarvation and Exposure" Deaths to Neonatal 
Lamb Mortali ty 

Be twee n  5 and 25% of  all lambs b o rn annually on farms in New 

1 

Zealand die b efore weaning (McFarlane , 1955 ; Right and Jury , 19 70 ; 

Knight , Righ t  and Winn , 1 9 79 ;  Dalton ,  Knigh t  and Johnson , 1 9 80) . 

S imilar mortality rates have been recorded in Aus tralia ( Moule , 1 954 ; 

Alexander ,  McCance and Watson , 1955 ; Davies , 1964 ; Obs t  and Day , 

1968) , the United Kingdom (Purser and Young , 1959 ; Gunn and Rob inson , 

1963 ; Hous ton and Maddox,  1 9 74 )  and the U . S .A .  ( Venkatachalam , 

Nelson , Tho rpe , Luecke and Gray , 1949 ; Saf ford and Rove rs land , 1960 ; 

Shel ton,  1 9 6 4 ) . In New Zealand a commonly-accep ted average o f  1 5%  

pre-weaning mor tality would account for  at  leas t 6 million lambs 

annually ( S co t t , 1962 )  and therefore c ons t i tutes an impo rtant source 

of economic loss to the sheep indus t ry in this country . 

Neonatal lamb mor tali ty may be a t tributed to a variety o f  causes . 

The relat ive importance o f  these cause s  has been es timated f rom pos t-

mortem surveys in which dead lambs are collected in the f ield and 

clas s i f ied according to their likely " time o f  death" ( ante-parturient , 

p arturient , pos t-parturient) and "cause o f  death" ( usually dys tocia , 

s tarvation , exposure , disease , mis adventure) based on ce rtain 

anatomical and his tological features s een at  autopsy . S t andardized 

techniques for use in these s tudies have b een described in detail by 

McFarlane ( 19 6 5 ) . 

Upon examination many dead lambs are seen to exhib i t  les ions 

attributable to both s tarvation and exposure . Consequently , these 
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deaths are o f ten comb ined into a s ingle pos t-mo rtem clas s i ficat ion 

which may include mortalit ies cons idered to have been due to s imp le 

s tarvation ( exhaus t ion o f  body rese rves in the absence o f  hypo thermia) , 

s imple exposure ( le thal hypo thermia with minimal depletion o f  body 

reserves ) ,  and to the comb ined e f fects  of expos ure and s tarvat ion . 

Thus McFarlane ( 1955 ) , in a s tudy o f  ove r  2000 dead lambs , es t imated 

that 3 1% of deaths were primarily due to "s tarvat ion and exposure" . 

A s imilar es t imate is s ugges ted by the results of  McFarlane ( 19 6 6 ) . 

Hight and J ury ( 19 70)  found that , o f  some 800 lamb deaths , 2 7 %  were 

apparently accounted for by "phy s iological s tarvation" , a catego ry 

which did no t include deaths a t tr ib uted to s imple exposure . Other 

mortality classes shown to be important by Hight and Jury were dys tocia 

( 32% of  lamb deaths) , pos t-natal infe c t ion ( 1 2%) and p re-natal death 

( 10%) . These estimates are in general agreement with those o f  

McFarlane ( 19 5 5 )  and with the results from a number o f  subsequent 

t r ials ( Meyer  and Clarke , 1978 ; Kni gh t  et al . ,  1979 ; Dalton et al . ,  

1980) . 

S ince the incidence o f  p rema t uri ty in sheep is repo r tedly low in 

the absence o f  infec t ious disease p roblems (Watson , 1 9 6 2) it appears 

that the maj ority o f  p re-weaning deaths occur in fully developed 

lambs . Mos t  o f  thes e  deaths are c learly due to phys iological 

failure o f  the lamb , or  its dam , s ince the p rovision o f  intens ive 

assis tance , food , and warmth to the newborn lamb virtually e liminates 

neonatal mortality ( Alexander ,  P eterson and Watson , 1959 ; Alexander 

and Peterson , 196 1 ) . Thus a cons iderable potential exis ts for the 

reduct io n  of New Zealand's annual loss o f  2 million lambs by 

s tarvation and expos ure through app rop riate management and selec tion 

of the newborn lamb . 
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Starvat ion and Exposure Mortalit ies The Influence of Cold- S t ress 

At b irth the lamb is delivered in a phys iologically advanced 

s tate from the warm uterine environment to an exte rnal environment 

which is , in mos t  cases , cooler than its  lower cri tical amb ient 

temperature ( S lee , 19 7 7 ) . As a res ult the lamb mus t immediately 

increase its rate o f  body heat p roduc t ion , by up to 1 5  times the 

foetal l evel (Dawes and Mot t ,  1959 ; Alexander ,  1 9 6 2b ) , to compensate 

for body heat loss to the envi ronment and so ensure that deep body 

temperature is maintained . 

When the l amb 's maximum s us tainable metabolic rate is exceeded 

by the rate at  which body heat is los t , deep body temp erature falls . 

Many lambs suffer  a decline in deep body temperature immediately 

after  b irth (Alexander and McCance , 1958) , although the decline is 

minimal if the lamb is delivered into a warm environment ( Smith , 1 9 6 1 ) . 

The maj o rity o f  these lambs s ubsequently regain normal deep body 

temperatures o f  39 to 40°C within a few hours o f  birth , but in some 

cases the dec l ine continues , o f ten rap idly , unt il death occurs at 

deep body temp eratures below 30°C (Alexander and McCance , 1 9 5 8 ) . I t  

is  l ikely that  these exposure deaths involve a "vicious circle" o f  

falling deep body temperature and falling heat p roduction s ince the 

lamb ' s  "summit metabolic  rate" ( the maximum sus tainable rate of body 

heat p roduc tion per unit b odyweight )  declines p roportionately with 

rectal temperature when the lat ter is less than 36°C (Alexander ,  

1 9 6 2b ) . 

Cold-exposure may also p redispose lambs to early mortal i ty in 

the abs ence of  le thal hypothermia . When the lamb experiences a very 

high rate·o f  body heat loss the associated requirement for  a high 
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metabolic rate results in a rapid ut ili zation and , unless  the lamb 

s uckles , deple t ion o f  its l imited body stores o f  thermogenic 

carbohydrates , fats and pro teins (Alexander , 1 9 6 2c) . Thus , while 

the energy derived f rom the catabol ism o f  body reserves is suf ficient 

to permit lamb survival for 3 to  5 days in conditions o f  thermo-

neutrality ,  s urvival t ime may be markedly reduced in a cold environ-

ment . Thi s  may partly explain why mos t  s tarvation-exposure deaths 

occur within 3 days o f  b irth (McFarlane , 1 96 1 ) . 

A second consequence o f  s tarvat ion is that the lamb ' s ab i l i ty to  

sus tain a high metabolic rate declines as  the catabolism of  its  body 

reserves p roceeds (Alexander ,  1 9 6 2b ) . Hence s tarved lambs , and 

part icularly those suffering a seve re dep letion of body res e rves , are 

l ikely to be more sus cep tible to hyp o thermia than lambs whi ch are well 

fed . Clearly the replenishment o f  body reserves and the p rovis ion of 

thermo genic s ubstrates by suckling i s  important for a variety o f  

reasons . Success ful s uckling is no t ,  however ,  an absolute guarantee 

o f  survival s ince many lambs ass igned to the pos t-parturient mortality 

class (which comprises mainly s t arvat ion-exposure deaths ) show 

evidence o f  having s uckled (McFarlane , 1955 , 1966) . 

The phys iological e f fects o f  cold-exposure on the lamb 's drive 

to suckle provide ano ther impo rtant link b e tween s tarvat ion and 

exposure mortalit ies . Alexander and Williams ( 1966a) demons trated 

that the lamb's s uckling ref lex is markedly depressed when deep body 

0 temperature falls below about 3 7  C so that even mild  hypo thermia , 

while i n  i tsel f non-lethal, may p re dispose to  death by s ta rvation . 

In addition ,  Alexander and Williams ( 1966a) demons t rated a possib le 

e f fe c t  o f  "discomfort" due to cold-exposure which , while apparently 
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independent o f  the hypo thermia e ffect ,  also decreases the vigour of  

the suckling drive. These e f fects are compatible with f ield observa-

t ions that the average t ime f rom birth to firs t s uckling is prolonged 

in lambs born in cold , windy condit ions compared with those born in 

less severe environments (McBride , Arnold , Alexander and Lynch , 196 7 ) . 

Conve rsely the "reward" o f  f irs t ob taining milk is a s t rong pos i t ive 

s timulus to continued suckling ( Alexander and Will iams , 19 66b) which 

further enhances the imp o rtance of  early suckl ing succes s . 

The nature of  these phys iological interac t ions provides s trong 

evidence that s tarvation and exposure deaths are linked through the 

deb ili tating e f fects of the cold environment experienced by the lamb 

a t  birth .  I t  may also exp lain why les ions o f  both s tarvat ion and 

exposure are commonly observed in the same lamb at autopsy . As a 

result there has been a gene ral accep tance o f  the view that the 

"s tarvation-exposure syndrome" is a p rimary cause of about 30% o f  

lamb mortal i t ies and that the e ffects o f  cold-stress are imp licated 

to  s ome degree in the maj o r i ty of these deaths (Alexander ,  196 2c ;  

Sykes , Gri f fiths and S lee , 19 76 ; S lee , 19 7 7 ) . 

An alternative hyp o thes is , p roposed by Haughey ( 19 73b , 19 7 8) 

suggests that the starvation-exp osure syndrome is merely a secondary 

cause of lamb mortality, the primary cause b eing damage to the lamb ' s  

central nervous sys tem ( CNS) sus tained during the b i r th process .  

Haughey ( 19 73b) has repor ted tha t  approximate ly 60% o f  lambs ass i gned 

to the s tarvation-expos ure mortal i ty class exh ibit  les ions in o r  

around the cranial and sp inal meninges .· These les ions occur during 

both ass is ted and unassis ted births , probably as a result of  anoxia 

or trauma (Haughey , 19 7 3a ,  19 75 ) .  
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In lambs whi ch s urvive the birth p rocess ( i . e .  do no t die o f  

dys tocia) , the p r imary e f fect  o f  CNS damage i s  apparently a dep ress ion 

of the suckling drive . Nei ther the ab ility to regulate deep body 

temperature nor the ab ility to mobilize body reserves appear to be 

severely affected since inj ured lambs s tarved at low amb ient tempera­

tures survive for  periods comparable with those o f  uninj ured controls 

(Haughey , 1 9 7 5 ) . The depress ion o f  the s uckling drive interacts 

wi th environmental e f fects , being mos t  s t rongly expressed when the 

lamb is exposed to a cold environment . Thus Haughey ( 19 75 )  demon-

s trated that whe reas 60% o f  inj ured lambs f ailed to suckle a t  an 

ambient temperature of 1 °C ,  the failure rate was only 5 %  at 28°C .  

This sugges ts that the e f fects o f  CNS damage may interact with the 

e f fects of hypo thermia or "dis comfort " on the s uckling drive , al though 

the conditions in which Haughey ' s lambs were tes ted ( dry , cold , 

"s till" air) were prob ab ly too mild to induce hypothermia (Haughey , 

19 79) . I t  also seems likely that the e f fects o f  CNS damage may be  

minimized by  p roviding the  lamb wi th a benign environment at  b irth . 

The contribution o f  CNS inj ury to  s tarvation-exposure 

mortalities on New Zealand farms remains unclear .  I n  a recent New 

Zealand s tudy (Duf f ,  1 98 1 ) , only 34% o f  1 0 3  lamb s  ass i gned to the 

s tarvat ion-exposure clas s i fication were found to exhib i t  cranial and/ 

o r  sp inal meningeal lesions . Severe les ions were no t s een in these 

lambs . Further research is there fore required to es tablish whether 

CNS inj ury is an important factor in s t a rvation-exposure deaths in 

New Zealand , as appears to be the cas e  i n  Aus t ralia . I f  so , one 

method o f  reducing the i ncidence o f  s tarvat ion-exposure deaths migh t  

be t o  select and manage ewes and lambs with a view t o  minimi zing CNS 

inj ury at b ir th . 



7 

An alternative app roach to  the p rob lem would be to select or  

manage the ewe flock so as  t o  improve the res is tance o f  the newborn 

lamb to body cooling in a cold environment . Hypo thermic lambs are 

l ikely to be p articularly suscep t ib le to s tarvation-exposure deaths 

due to the depress ion o f  heat p roduc t ion and o f  the suckling reflex 

0 
which occur when deep body temperature falls be low about 3 7  C .  

Hence lambs which are ab le to maintain normal deep body temperature 

i n  a cold envi ronment can be  e xpec ted to have inc reased survival 

rates . An improved ab ility to  maintain body temperature may also 

reduce the lamb ' s  suscep t ib i l i ty to the e f fects of CNS inj ury . 

Only this second approach to s tarvation-exposure mortality will be  

cons idered further in the p resent s t udy . 

Fac tors Affect ing the Resis tance o f  Lambs to Body Coo ling 

1 .  Birthwe ight and b irthrank 

The birthweight and b i r thrank o f  the newborn lamb exert s ignifi-

cant e ffects on its survival in the immediate pos t-natal period . 

Both light and heavy lambs have higher mortality rates than lambs o f  

average birthweights (Alexander ,  McCance and Watson, 1 9 5 5 ; Hight 

and Jury , 1 9 70 ) , although even lambs in the "op timum b i rthweigh t  

range" may s till  have mortal i ty rates i n  excess o f  10%  (Hight and 

Jury , 19 70 ; Dal ton et al . ,  1 980 ) . 

Mult iple-born lambs are much more suscep tible to s tarvation-

exposure mortality than are s ingles (Right and Jury , 19 70 ;  Meye r  

and C larke , 1 9 78) . This e f fect is  apparent ly due to b ir thweigh t  

d i f ferences be tween mul tiple- and single-born lambs rather than t o  

an e f fect o f  birthrank per s e , s ince singles and mul tiples o f  equal 

b irthwe ights have a s imilar i nc idence of s tarvation-exposure 
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mortali ties ( Dalton e t  al., 1980 ) . 

The suscep t ibility o f  small lambs to the s tarvat ion-expos ure 

syndrome is cons idered to be p rimarily due to their  less favourab le 

ratio of  surface area to volume (Alexander , 1 9 74) . The rate o f  

heat loss f rom the lamb ' s  body i s  related t o  some funct ion o f  i ts 

sur face area which is , in turn , p roport ional to bodywei gh t  raised 

to a power less than unity . Thus in a standard cold environment 

small lambs are expected to have a greater rate o f  heat loss per 

uni t bodywei gh t  than large r lambs.  Furthermore , since the s ummi t 

metabolism per  uni t bodyweight o f  newbo rn lambs is cons tant over a 

range o f  we ights  ( Alexander ,  1962b )  small lambs are expected to 

become hypothermic in less severe environments than large lambs . 

This relationsh ip is commonly used to explain the more rap id body 

cooling observe d  in l i ght  lambs immediately after  birth (Alexande r 

and McCance , 1 958) . In addition , small  lambs may be disadvantaged 

by disprop o r tionately low levels of body reserves and , in ext reme 

cases , by retarded development o f  the b irthcoat and o f  body t issues 

and organs (Alexander ,  1 9 74) . 

2 .  Heat production 

(a) Level o f  summit metabolism 

The leve l  of  s ummit metabol ism at tained by the newborn lamb is 

l ikely to be  an important determinant of neonatal survival s ince 

it p rovides the l imit to which body heat loss (per uni t bodyweight)  

may increase b e fore hypo thermia occurs . Alexander ( 19 6 2b )  has 

e s t imated the mean summi t me tabolism o f  newborn Merino and Border 

Leicester-Me rino cross lambs to be  about 19 . 8 W kg
- 1  

( 1 7 . 0 kcal kg
- l  

- 1  
hr ) , this being s imilar in s uckled and unsuckled lamb s .  S ummit 
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metabolism is normally measured as the level o f  heat production 

attained by the lamb whe n  exposed to environmental conditions which 

0 - 1  
p roduce a small dec l ine (0 . 0 3  t o  0 . 05  C min ) in body temperature . 

The requirement for a controlled decline in deep body temp erature 

ensures that the lamb is at the limit of  its  ab il ity to p roduce body 

heat but that body t emperature does not fall so low as to affect  

metabolic rate (Alexander ,  1 9 6 2b ) . 

S ubj ec ting lambs  to  environmental condi tions whi ch evoke a s ummit 

response in heat product ion results in a number  of me tabol ic changes 

including the elevat ion of plasma concent rations of glucose , free fatty 

ac ids ( FFA) , glycerol and lac tate (Alexander ,  1 962b ; Alexander , Mills 

and Scot t , 1968 ; Alexander ,  Bell and Hales , 1 9 72) . S imilar e f fects  

are observed in lambs  exposed to less extreme cold  (Alexander and Mills , 

1968) . The elevation o f  blood metabolite levels can be mimicked by 

the infus ion of adrenaline and nor-adrenaline into lambs in a the rmo-

neutral environment and is largely abolished by treatment with a- and 

s- adrenergic blocking agents . I t  is therefore cons idered to reflect  

a symp athe tically-mediated increase in  body reserve mobili zation 

( Alexander ,  Mills and S cot t ,  1968) . O ther changes which accomp any the 

induct ion of a summit response in metabolism include the elevation o f  

cardiac output , depth o f  respiration and blood pressure ; dis turbance 

of  the blood ac id-base s tatus ; and a redis t ribution o f  b lood flow in 

favour of  the thermo genic t issues (Alexander and Williams , 1 9 70 a ;  

Alexander ,  Bell and Hales , 1 9 7 2 ,  19 73) . 

Shivering and ( re gulatory) non-shive r ing thermogenes is toge ther 

contribute to the summit me tabolic response of lambs less than 

one week old (Alexander and Williams , •1968 ) . Non-shive ring 

, 
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thermogenes is appears t o  occur mainly i n  the brown adipose t issue 

which , whi le cons tituting mos t  o f  the lamb ' s  adipose t issue at b irth , 

is gradually replaced by white  adipose tissue in the f irs t few weeks 

of l i fe ( Gemmel ,  Bell and Alexander ,  1 9 7 2 ) . This change is accom­

panied by , and may be respons ible for , a decline in the level o f  

summi t me tabolism per unit bodyweight  a ttained by the lamb as i t  ages 

(Alexander ,  1 9 6 2b ) . 

Shive ring thermogenes is o ccurs in the s t riated mus cles o f  the 

body and is under somatic nervous control (Hemingway , 1 9 6 3) . Nor-

mally shivering becomes obvious only under condit ions o f  extreme cold 

which has lead Alexander ( 19 75 )  to sugges t that, in the lamb , sh ivering 

may not be employed until  non-shivering thermogenesis is  approaching 

its full potent ial . However ,  s ince s triated mus cle may respond to 

increased requirements for body heat product ion s imply by increasing 

musc le tone , "shivering" thermo genes is may occur even when shivering 

is not observed (Webster , 19 7 4 ) . 

Although skeletal muscle has the capaci ty to produce up to 60% 

o f  the lamb's summit me tabolic rate , its energy reserves (mainly in 

the form of carbohydrate) are small compared with the energy available 

f rom body fat ( Shelley , 1 960 ; Alexander ,  1 9 6 2 c ;  Alexander and Bel l ,  

1 9 75b) . I t  is  therefore not s urprising that skeletal muscle appears 

to util i ze FFA mobilized from b rown fat s to res , as is indicated by 

the rise in plasma FFA concent ra t ion which follows the chemical 

paralys is of skeletal mus cle in severely cold-s t ressed lambs 

(Alexander , Mills and S cot t ,  1 9 6 8) . 

At tempts to identify factors which contribute to the cons iderable 
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variation in summit metabolism observed between lambs , and which 

might  be manipulated to inc rease the level attained at birth , have 

met with only limited succes s.  Alexander and Bell  ( 1 9 75a) were 

unable to relate summit me tabolism to the weight  o f  dissectible b rown 

adipose tissue , wei ght o f  skele tal muscles , or amount o f  chemically­

extrac table lip id in the lamb ' s body. They also cons idered that 

nei ther the extent of liver/muscle glycogen s tores , nor the 

circulating levels of  glucose ,  FFA and glycerol , were like ly to be 

l imi ting factors.  Alexander ( 1969 , 1 9 70 )  infused ,  or inj ec ted , into 

lambs a variety of  hormones and o ther subs tances which migh t  have 

been expected to influence summi t  me tabolism (either through a direct 

action on the thermogenic t issues o r  by altering the availab ility of 

energy subs trates) and found them to be generally wi thout e f fect . 

The important excep tions were adrenaline and noradrenaline (which 

p roduced small increases in summit me tabolism in a proportion o f  the 

lambs tes ted) and lipid and tri-iodo thyronine (which resulted in 

more cons is tent , but s t ill small , elevat ions in me tabolic rate) . 

The effect of  tri-iodo thyronine was , however , evident only a f ter 3 

days o f  treatment. In this context , it should be no ted that 

Alexander ( 19 6 2b)  has cited unpublished evidence of depressed s ummit 

metabolism in hypothyroid lambs , and that daily inj ec tion o f  

thyroxine re tards the decline in s ummit metabol ism which i s  normally 

observed as the lamb ages (Alexander ,  Bell and Williams , 1 9 70) . 

Other s t udies have suggested that  s ummit metabolism may b e  

l imited b y  the supply o f  oxygen t o  the thermogenic tissues s ince i t  

has been shown t o  b e  s i gnificantly correlated with such parameters 

as cardiac outpu t , heart rate , and resp iratory f requency (Alexander 
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and Williams , 19 70a ; Alexander and Bell , 19 7 S a) . However ,  the 

correlations are no t cons is tent be tween different groups o f  lambs 

and causal relationships may be dif ficul t to es tablish . Perhaps the 

bes t evidence for a l imiting e ffect  of oxygen supply to the thermo-

genic tissues was provided by Alexander and Williams (19 70b)  who 

demons trated that  increas ing the oxygen content o f  air inspired by 

lambs resul ted in an increased level o f  summi t me tabolism in some 

lambs and an improved ab ility to maintain summit  me tabolism in o thers . 

These e ffects tended to  be reversed under cond i tions o f  hypoxia . 

(b)  At tainment and maintenance o f  summit me tabolism 

Lambs born in the field may suffer a cons iderable decline in 

rec tal temp erature during the f irs t hours of l i fe . In extreme cases 

this can exceed 10°C in the f irs t 30 minutes (Alexander and McCance , 

19 58 ; Sykes , Gri f f i ths and Slee , 197 6 ) . I t  is therefore probab le 

that the rapid attainment o f  a h igh level of summi t me tabolism during 

this period would greatly favour the lamb ' s viability . L i t tle is 

known about factors af fec ting the rate at  which summit me tabolism is 

a t tained al though Alexander (19 6 2b )  has commented that  poor pre-natal 

nutrition o f  the lamb appears to lead to a s low at tainment of  h igh 

me tabolic rates immediately af ter birth . The final level of  summi t 

me tabolism achieved is , however , independent o f  pre-natal nutr i t ion . 

Many o f  the factors which influence the lam�s ab ili ty to maintain 

high levels of  summi t metabolism have already been discussed . To 

summarize , Alexander (19 6 2b )  has repor ted tha t  declining summit 

metabolism (per uni t b odyweight)  may b e  associated with ;  falling 

0 deep body temperature (below 36  C ) ; increas ing lamb age ( the dec l ine 

being retarded i f  the lamb is kep t  in a cold environment or adminis-

tered thyroxine) ;  and wi th prolonged s tarvation . 



3 .  Hea t  loss 

( a) Bir thcoat characteristics 

1 3  

A numbe r  o f  f ield trials in the Uni ted Kingdom and Aus tralia 

have demons trated an association b e tween lamb birthcoat type and neo-

natal survival . Purser ( 1 9 6 7 )  and Purser and Karam ( 19 6 7 )  clas s i f ied 

newborn Welsh Mountain lambs into 6 birthcoat grades (based on the 

dis trib u t ion of halo hairs across the body) and examined the mor t al i ty 

rates , to 1 4  days o f  age , of  lambs in each grade . Mo rtal i ty was 

s trongly associated with birthcoat type , being lowes t in lambs o f  the 

intermediate grades .  Lambs with very f ine coats had par t icularly 

poor viab ility ,  especially if  born in "bad" weather (high winds , 

minimum ambient temperature less than -4°C ,  and daily rainfall 

exceed ing 6 mm) when their mor tali ty rate exceeded 40% comp ared with 

10% losses in the hairies t lambs and only 3% in lambs o f  the 

intermediate grade 4 .  Differences between the b ir thcoat grades 

were minimized in "good" weather . 

A s imilar association be tween b ir thcoat grade and neonatal 

survival has been repor ted by Obs t and Evans ( 1970 )  who clas s i f ied 

Aus tralian Merino lambs into three grades based primarily on the 

dis tribut ion and dens i ty of halo hairs across the back . As in the 

previous s tudies there were no s igni f icant e f fe c ts of b i r thcoat grade 

on the mor tali ty o f  lambs born in "good" weather . Among lambs 

subj ected to "bad " weather ( rain and windspeeds greater than 10 km 

- 1  
hr ) during the firs t 6 hours o f  life , those with "coarse" b ir th-

coats h ad cons iderably lower mor tality rates than lambs o f  the 

"medium" or "f ine" grades . This result  d i f fers from those o f  the 

Bri tish s tudies in which lambs of intermediate hairiness exh ib ited 

the bes t survival rates . However , comp arisons between these s tudies 
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may no t be  valid because of differences in the grad ing sys tems used . 

Ne ither Davies ( 1 964 )  nor Mullaney ( 1966 )  were ab le to demons trate 

an e ffect  of b ir thcoat grade on the viability of newborn Merino , 

Corriedale and Polwarth lambs . However ,  in each o f  the i r  trials , 

lambing o ccurred in relatively mild weather and i t  seems that  differ­

ences between b irthcoat  types may be exp ressed only in more s everely 

cold cond i t ions . 

An association between birthcoat typ e ,  haemoglobin type and neo-

natal survival appears to exis t in some sheep b reeds . Hall and 

Purser ( 19 7 9 )  found that , in some years , the mor tality rate o f  

haemoglob in (Hb )  type AA lambs ( o f  the Welsh Mountain and S co t tish 

Blackface breeds ) was s ignificantly lower than that of the Hb type 

BB lamb s . Obs t  and Evans ( 19 70 )  demons trated a s imilar effect  in 

Aus tralian Merino lambs al though the difference was no t s igni f icant . 

There was , however , a s ignificant interac tion be tween the e f fects o f  

dam H b  type and lamb b i r thcoat typ e  o n  survival o f  the newborn.  In 

h igh rainfall years the mor tality of  lambs with " fine" and "medium" 

coats born to type AA ewes was s ignif icantly lower than the mor tal i ty 

o f  s imilar lambs born to type BB ewes . Among the "coarse"-coated 

lambs , mor tal i ty was independent of the dam' s haemoglob in type . 

While the mechani�m o f  this e f fe c t  is unknown , the nature o f  the 

interac t ion does sugges t a relationship be tween the dam' s Hb type and 

the lamb ' s res is tance to cold-s t ress . 

The  e f fect o f  b ir thcoat typ e  on the abi l i ty of  the newborn lamb 

to regulate body temperature has been s tudied in more detail by 

Alexander ( 19 6 1 ,  1 9 6 2a) and Slee ( 1978) . Us ing the same grading 



1 5  

sys tem as Obs t  and Evans ( 19 70) , Alexander identified lambs with 

"hairy" ( coarse) and " fine" bir thcoats ( i . e .  the two extremes o f  the 

grading sys tem) and comp ared the insulative values of their coats . 

When the lambs were dry and in s t ill air , the external ( coat p lus 

air)  insulation of the f ine-coated lambs was es t imated to be approxi-

mately 60% that of the "hairy" lambs (Alexander ,  1 9 6 1 ) . Exposure 

- 1  
t o  a wind o f  550 cm sec  halved the estimated external insulation o f  

each coat type s o  tha t the superiori ty of  the hairy coat was main-

tained . The effects o f  we tting the coat on i ts insulative value are 

unknown , but observations by Alexander ( 19 6 2a) sugges t that the 

b ir thcoats of lambs wh ich have dried , but are then re-we t ted , tend to 

trap air be tter than the coats of lambs s till we t with amnio tic  fluid . 

The drying of  the coa t immediately af ter birth may therefore have 

important consequences for its insulat ive value . 

Slee ( 19 78) s tudied the " cold-res is tance" (defined as the t ime 

required for deep body temperature to fall 1°C under s t andard environ-

mental condi tions ) o f  three breeds o f  lamb ( S co tt ish Blackface , 

Tasmanian Merino and Welsh Mountain) . D i f ferences between the breeds , 

and be tween long- and shor t-coated s trains wi thin the Welsh Mountain 

b reed , were highly s ignificant and reflected the breed , or s train , 

differences in mean b i r thcoat dep th (measured as the distance f rom 

the skin surface to the outer margin of the coat) . Clipping the 

lambs res ulted in a much greater decrease in cold-res is tance among 

the long-coated lambs than among thos e with shor t  coats , fur ther 

evidence that superior pelage insulation was conferred by the deeper 

birthcoats . Between-breed d i f ferences in cold-res is tance o f  the 

clipped lambs were smaller ,  but  s till signi ficant , and were mainl� 

d ue to corresponding b reed effects on b ir thwei gh t . The superior 
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cold-resistance o f  the Blackface lambs compared wi th the Merinos 

(before and after clipp ing) is cons is tent with field observat ions of  

their relative ab ilities to regulate deep body temperature ( Sykes 

et al . ,  1 9 76 )  which sugges ts that climate chamber tes ts may be useful 

predic tors of viability in the f ield . 

S tudies with older sheep , in whi ch a linear relationship has been 

demons trated be tween fleece dep th and external insulation (Joyce , 

Blaxter and Park , 1966 ; Web s ter and Blaxte r ,  1966 ) , suppor t  the view 

of  S lee ( 1 9 78)  that birthcoat i ns ulation may be s trongly dependent 

upon coat dep th . However ,  the role o f  o ther charac teri s t i cs o f  the 

coat has no t been evaluated . Comparisons o f  Cheviot , Suf folk and 

Blackface sheep have sugges ted tha t ,  at low airspeeds , fleece character­

i s t ic s  other than depth do no t s igni f icantly affect external ins ulation 

(Arms trong , Blaxter , Clapperton , Graham and Wainrnan , 1 9 60 ; Web s ter 

and Blaxter , 1 9 6 6 ) . Conve rsely , es timates o f  fleece i nsulation per 

unit dep th derived f rom a numb e r  o f  breeds and summarized by Joyce 

et al . ( 1 966)  may ind icate that the Merino fleece is sup er ior in this 

respect , evidence perhaps of an e f fe c t  of fibre diame ter or f ibre 

number per  uni t area of  skin on coat insulation . Doney ( 19 6 3 )  found 

that the weight changes o f  cold-exposed , non-pregnant B lackface ewes 

were associated with their  f ibre number and mids ide wool  wei gh t  per 

uni t area of  skin, as well as with fleece dep th . Since the wei gh t  

changes were considered to reflect individual differences in fleece 

insulation, these results may p rovide further evidence that  coat 

ins ulation is no t s imply a func t ion o f  dep th , although the extent to 

whi ch the measured fleece characteris tics were correlated in that s t udy 

is no t known . 
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(b)  P ilomo tor control 

Piloerec tion has been shown to increase the external insulat ion 

of cold-exposed cat t le ( Blaxter and Wainman , 1961 , 1964 ; Gonzalez­

J imenez and Blaxter , 1962 ) , but no comparab le e f fect appears to have 

been reported in sheep , probab ly because of species dif ferences in 

skin s t ructure . I n  cattle all the follicles producing the coat hairs 

are associated with an arrec tor pili muscle ( Carter and Dowling, 195 4 ) , 

whereas in sheep only the primary follicles , whi ch produce less than 

25% of the fibres in mos t fleeces , have an arrec tor mus cle at tached 

(Carter , 1955) . Furthermore these follicles l ie almo s t  p erpendicular 

to the skin surface and the arrec tor muscle is connec ted to the middle 

region of the follicle rather than at i ts base (Wi ldman , 19 32) . As 

a resul t ,  contract ion o f  the arrec tor pili  mus cle , which has been 

shown to  occur in response to in vitro catecholamine s t imulation 

(Chapman , 1965} , would result in only minimal e rection of  the p rimary 

fib res . I t  there fore appears unlikely that piloere c tion could make 

a s ignif i cant contribution to the external insulation of the newborn 

lamb . 

( c) Peripheral vasomo tor control 

L ambs exposed to s evere cold exhib i t  a marked decline in peri­

pheral b lood flow (Alexander ,  Bell and S e t chell , 19 7 2 )  which resul ts 

in the skin temperature of  the extremi ties approaching amb ient 

temperature (Alexander ,  1961,  196 2a) . Based on his earlier obser-

vations , Alexander (1964)  concluded that " the peripheral vasomotor 

mechanisms are as  well developed at birth as  i n  the adul t sheep" , 

but l i ttle is known about the extent to which lambs vary in their 

abili ty to control peripheral b lood flow and the consequences of s uch 
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variation for body heat loss . Alexander , Bell and Hales ( 19 7 3)  

demons trated that some variation does exi s t  be tween lambs in the  rate 

of blood flow to  the vasocons tricted tissues of the leg and ear but 

this information is a limi ted value s ince only 5 lambs were involved 

in the study . 

Peripheral vasocons triction is widely regarded as being an ''all­

or-none" phenomenon which is activated pr ior to the onset of  cold­

induced thermo genes is in environments j us t  cooler than the lower 

cri t ical temperature . This conclus ion has been reached in s tudies 

of lambs (Alexander ,  1961 , 196 2a) and older sheep (Arms t rong et al . ,  

19 60 ; Joyce and Blaxter ,  1964)  based on evidence that calculated 

t issue insulation is cons tant once vasocons triction has occurred and 

that the relat ionship be tween heat produc t ion and amb ient temperature 

is linear in the " cold zone" . Howeve r , o ther s t udies have s ugges ted 

that peripheral vasocons trict ion may be controlled in a more continuous 

manner . Webs ter and Johnson (1968)  reported that cold-s tressed sheep 

may show increased resp iration rates ( p resumably associated w i th i n­

c reased thermogenes is )  before vasocons tric tion has been fully emp loyed . 

S imilar evidence o f  a continuous response in cattle has been presented 

by Gonzale z-J imeDez and Blaxter (1962 ) . 

Slee ( 1964 , 1968)  compared the vasocons trictor responses o f  

S co ttis h  Blackface and Tasmanian Merino rams subj ected to increas ingly 

cold environments . When in full fleece the Blackface rams vasa-

constricted at  h igher ambient temperatures , and exhibited lower skin 

temperatures (on the hind-limbs and ears ) , than did rams of the 

Merino breed . Howeve r , when the rams were comp letely shorn and then 

r e-cooled , b o th the timing and intens i ty o f  the skin temperature 
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response were more uniform between the b reeds . I t  was there fore 

sugges ted that the breed dif ferences were due to the Merinos having 

superior fleece insulat ion on the whole body ( and thus ente ring the ir 

"cold zone" a t  lower amb ient temperatures) , or on the extremi t ies 

(so that conservation of heat by vasocons triction in these regions 

was of  lesser  importance in this b reed) . 

Open- f aced sheep have been shown to be more productive than 

sheep with woolly faces , especially in charac ters concerned wi th 

growth and reproduc tion (�ockrem and Rae , 1966) . These differences 

may be associated wi th a poorer ab ility of woolly-faced sheep to 

control peripheral blood flow and there fore body temperature ( Cockrem,  

1967 ) . The possibility that s imilar genet ically-control led d i ffer-

ences in vasomo tor activity might contribute to variation in the cold­

resistance o f  the newborn lamb does no t appear to have been s tudied . 

Cockrem and Rae ( 1966}  found tha t  the mortal i ty of  lambs born to open­

faced ewes was lower than among the p ro geny o f  woolly-faced ewes , but  

the dif ference was not s tatistically s i gnif icant and migh t  no t have 

been a function of lamb genotype .  None theless Cockrem ( 19 6 7 )  has 

shown tha t  the differential "effects"  o f  f ace  cover on body temperature 

control occur in lambs during the f irs t year o f  life and fur ther s tudy 

o f  peripheral vasomo tor control in the newborn lamb may well b e  

warranted . 

(d)  S ub cutaneous fat 

In mature animals of  many species the res istance to heat flow 

p rovided by the subcutaneous fat cons t i tutes a cons iderab le proportion 

of the individual ' s t issue insulat ion (Mount , 19 79) . However ,  the 

newborn lamb has virtually no sub cutaneous fat (Alexander and Bell , 
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19 75b)  and it  therefore appears unlikely that variation in thi s  

character could signif icantly contribute t o  varia tion i n  res is tance 

to cold-s tress during the neonatal period . 

Poss ible Sele c t ion Criteria for Reducing S tarvation and Expos ure 
Losses 

The nature of the physiological mechanisms involved in the 

s tarvation-expos ure syndrome sugges ts that , if  maternal behaviour is 

adequate , the suscep tibility of  newborn lambs to s tarvat ion and 

exposure may be greatly reduced p rovided that  they maintain deep 

b d b b 37
o

c .  o y temperature a ove a out Thus the identificat ion o f ,  

and select ion for , heri table charac teris tics which confer upon the 

lamb a high res is tance to body cooling may help to reduce current 

lamb losses . Evidence o f  breed and s train differences in body 

cooling support  the view that res i s t ance to hypo thermia is to some 

extent heritab le ( Sykes et  al . ,  19 76 ; Slee , 19 78 ; Slee , Gri f f i ths 

and Samson , 19 80) , but the charac teris t ics which contribute to these 

di fferences remain largely uniden t i f ie d . 

An ab ility to at tain high levels o f  summi t me tabolism during 

the first  few days o f  life would clearly be o f  benefit  to the newbo rn 

lamb . However ,  while there is considerable variation be tween lambs 

in the level o f  summi t metabol ism attained at birth (Alexander ,  196 2b)  

no evidence exis ts that this variatio n  is genetically b ased . Thus 

Alexander and Bell ( 19 75a) were unable  to detect signi f icant 

differences be tween 5 b reeds and crosses of lamb (Merino , Border 

Leicester , B . L .  - Merino cross , Corriedale , Dorset Horn) in the level 

o f  summi t  met abolism. A study of lamb s  f rom breeds whi ch evolved in 

more extreme climates might , however , identify such dif ferences . The 
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rapid at tainment o f  high levels o f  summit metabolism immediately 

a f ter birth is also des i rab le but again there is no evidence that 

this trait is  gene tically controlled . 

An effect  on lamb survival o f  haemo globin typ e , whi ch is s imply 

inherited ( Evans , King , Cohen,  Harris and Warren , 1956 ) , has been 

described by Obs t  and Evans ( 19 70)  and Hall and Purser ( 19 79 ) . 

The mechanism o f  this e f fect  is unknown but i t  may be partially 

explained by the greater twinning rate o f  haemoglobin Type B ewes 

(Hall and Purs e r ,  1 9 79)  whose lambs also have the highes t mortality 

rate . I f  there i s  an e ffect  of  haemoglobin type independent o f  the 

d i fferential twinning rates it is likely to be mediated through poorer 

cold-res is tance of the Type B lamb s , espec ially those with fine b ir th­

coats (Obs t and Evans , 1 9 70 ) . 

Suscep t ib ility to s tarvation and exposure is clearly dependent 

on the birthwe ight of the newborn lamb . However ,  while the mortal i ty 

rate of  very small lambs may be  high ,  their incidence in the flock is 

generally low and they may make only a l imited contribution to  overall 

mortality rates . For example , Duff ( 19 8 1 )  found that 83% o f  lambs 

dying of s tarvation and exposure were in the 3 to 5 kg birthwei gh t  

range , the range o f  b irthweights  at  whi ch lambs are normally con­

s idered to have minimum mortality rates per  100 lambs born (�igh t  and 

Jury , 1 9 70 ; Dalton e t  al . ,  1980) . I t  is  there fore ques tionable  

whether s t arvat ion-exposure mortal i t ies could be  subs tantially 

reduced even i f  p regnant ewes were managed so that they all p roduced 

lambs in the "op timum b i rthweight  range " . 

The role  o f  CNS inj ury in the s tarvation-exposure syndrome 

requires further s tudy . Although a p roport ion of dead lambs may 
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exhib i t  CNS les ions , the lesions show varying degrees o f  severity 

and the extent to which this de termines their effects on the lamb ' s 

suckling drive is unknown . The mechanism by whi ch the e f fects o f  

CNS inj ury on the sucking reflex apparently interact with the e f fects 

of  cold-exposure also requires further s t udy . 

Selection for  specific birthcoat types has p romise as a means 

o f  improving the res is tance o f  the newborn lamb to cold-s t res s . 

Birthcoat " type "  appears to be s t rongly inherited (Dry , 1955 ; 

Schinkel , 1955) , but to date the grading sys tems used in b ir thcoat 

s tudies have been based on halo hair distribution rather than on the 

insulative value of the coat . Further research is required to 

identify those charac teris t ics of the birthcoat which confer an 

insulat ive advantage and to examine the manner in which they are 

inherited . 

The insula t ion provided by the vasocons tricted tissues o f  the 

newborn lamb is of the same magnitude as the exte rnal insulation in 

lambs with f ine b irthcoats (Alexander , 196 1 ) . I t  is , there fore , 

an important source of  resis tance to co ld-s t ress . S ince sub-

cutaneous fat is  of lit tle importance , variation between lambs in 

t issue insulat ion will primarily be a func t ion o f  varia tion in peri-

pheral b lood flow .  A t  present lit tle is  known about the extent 

to which such variat ion exists , or whether it  is  gene t ically con-

t rolled . S tudies with older sheep have s ugges ted the poss ibility 

o f  heritable variation in peripheral vasomo tor control (Joyce and 

Blaxte r , 1964 ; Slee , 1964 , 1968)  which may be re flected in facial 

woo l  growth (Cockrem, 196 7 ) , but results are inconclusive . 
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• 
While the select ion o f  lambs wi th a good res is tance to body 

cool ing may be a des i rable me thod o f  reduc ing mor tali t ies due to 

s t arvation and exposure , further study of many aspects of  this p roblem 

will be required before f i rm recommendations for select ion p rocedures 

can be made . As a firs t  s tep , i t  will be necessary to ident i fy 

those trai ts which contribute to variat ion in the ab ility o f  lambs 

to regulate body temperature in a cold environment . Although the 

desirability of certain t raits , such as the rapid  attainment of a high 

level of heat p ro duction , is sel f-evident , those characters whi ch 

a f fect the rate o f  heat loss f rom the lamb ' s body are ye t to be  

examined in detai l . I t  will then be necessary to establish that 

these trai ts are heritab le , and that they can be eas ily measured 

with a good degree of repeatability . F inally , cons iderat ion mus t 

be given to the economic impl icat ions o f  select ing for these t raits  

with respec t  to the l ikely returns f rom this  selection and i t s  e f fects 

on subsequent p roduc tion in  the ewe flock . 
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Purpose and S cope of  the Inves tigat ion 

The main purpose of this s tudy was to identify charac ters which 

might be u t ilized in a selec tion programme to imp rove the res is tance 

of  the newborn lamb to body cooling . Charac ters associa ted with 

res is tance to b ody heat loss were o f  p art icular interes t .  Inves ti-

ga tions centred on lambs of the Romney breed , s ince this breed is 

numerically the mos t impor tant in New Zealand , but Drysdale-Romney 

cross and Mer ino lambs were also examined for comparat ive purposes . 

Two poss ible ind ices of  cold-s tress were cons idered for use in 

the s tudy . The f irs t ,  "rate o f  decl ine in rec tal temperature" , has 

been used in s tud ies in the Uni ted Kingdom ( S lee , 1 9 7 8 ; Slee � al . ,  

1 9 8 0 )  and relates mos t  closely to the problem being cons idered . 

However ,  i t  has the maj or disadvantage that i t  depends no t only on 

the rate at  which heat is los t from the lamb ' s  body , but also on the 

maximum level of heat produc t ion a t tained by the individual ( i . e .  the 

summi t me tabolic rate) . I t  may b e  fur ther influenced by the rate at 

which summit me tabolism declines with rec tal temperature when the 

lamb is severely hypo thermic . The al ternative index , " leve l of heat 

product ion required to maintain a cons tant deep body temp erature" 

was therefore preferred . S ince the lamb ' s body heat s torage capaci ty 

is low (Alexander , 1 9 6 1 ) , this index more accurately es t imates the 

rate of body heat loss when rec tal temperature is cons tant . The use 

of this index d id ,  however ,  place cons traints on the environments in 

which the lambs could be  tes ted . Wh ile it  was des irable that  the 

lambs be tes ted in cold conditions , i t  was also necess ary to ensure , 

as far as poss ible , that they d id no t at tain summit me tabolism . 

Accordingly , the preliminary experiments involved the measurement , in 
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Romney lambs , of summit  me tabolic rate  and o f  the environmental 

conditions which were likely to elicit  a summi t response in me tabol ism.  

Charac ters concerned with b ir thcoat insulation were examined in 

some detail in this s tudy because the insulation provided by the 

b irthcoat is an impor tant comp onent of  to tal body insulation , and 

because b ir thcoat typ e  is related to the survival of lambs in the 

f ield . The Romney lambs were compared with Drysdale-Romney cross 

lambs which , al though gene tically s imilar to the Romneys ,  have birth-

coats containing a h igh proportion of  long coarse fibres (Dry , 1955 ) . 

In lambs o f  these two "breeds " ,  the relationship between coat 

insulat ion and var ious charac teris tics of the coat was examined , as 

were the effects o f  we t ting and air movement on the insulative value 

o f  the b ir thcoat . Sources o f  var iation in b ir thcoat depth (between-

and with in- coat types)  were s tudied and the repeatab ility of  

measured coat dep th was es t imated in  each "breed" of lamb . Some 

consideration was also given to the relationship between charac teris-

tics of the birthcoat and those of the hogget  fleece . 

The lamb ' s b ir thwe igh t  is cons idered to be  an important de ter-

minant of its me tabolic respons e to cold-s tress (Alexander , 1964 , 

1 9 7 3 ;  S lee , 1 9 7 7 )  due to surface area-volume relationships which 

have been d iscussed . Alexander ( 19 6 2b )  predic ted the environmental 

conditions in whi ch small and large lambs were likely to become 

hypothermic and s o  demons trated a s trong e f fe c t  of b ir thwe igh t . 

However ,  these pred i c t ions were based on the assump tion that  the 

1 b d . h 
0 . 5 9 

lamb s body surface area is proportional to o ywe1g t 

exponent was derived by Lines and Pe irce ( 19 3 1 )  us ing data from 

slaughtered sheep whose bodyweights were in the range 3 . 8  to 

This 
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50 . 4  kg . -r t  is therefore ques t ionable whether such an exponent is 

sui ted to the, prediction of  the thermoregula tory limits l ikely to be 

experienced by lambs of different birthweights . Accord ingly , a 

second aim o f  this s tudy was to examine the relationship be tween 

heat produc tion and bodyweigh t in newborn lambs , and to derive 

experimentally an appropriate exponent relat ing bodyweight t o  

"effective" body surface area ( Brody , 1945) . 

The degree o f  face cover exh ib i ted by hoggets may be a useful 

indicator of the ir ab ility to control body temperature ( Co ckrem , 

1967 ) . An hypo thes is that face cover "effects "  may also be  expressed 

at birth was therefore examined by compar ing the the rmoregulatory 

ab ility o f  lambs from two flocks , one of wh ich has been s e lec ted 

only for a reduced degree of face cover and the other maintained as 

a random-bred control group . 

Finally , some sources o f  variation in skin temperature were 

examined in this s tudy . The lamb ' s tissue insulation p rovides an 

important component o f  its res is tance to body heat los s ,  and is l ikely 

to be mainly a function of per ipheral blood flow . In some circum-

stances peripheral blood flow may be  es timated by the measurement 

of  skin temperature on the extremi ties ( Fe tcher , Hall and Shaub , 

1949) . A number  o f  o ther factors may also contribute to variation 

in skin temperature (Molnar and Rosenbaum, 1963 )  and so introduce 

errors into the es timation of b lood flow . Consequently , the f inal 

component o f  this s tudy invo lved an examination of the extent to 

which these effects were likely to mask d i fferences between lambs 

in the r ate of  blood flow to peripheral tissues . 
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Mos t of  the lambs used i n  the trials were  the progeny of  New 

Zealand Romney ewes mated to Romney , Drys dale or Drysdale-Romney cross 

( single-N) rams . The ewes , wh ich were 2 to 6 years old at lamb ing , 

were individually identif ied by numbered bras s  and plas tic ear tags . 

App roximately 80% of  them were bred on the University farms and the 

balance purchased from commercial farms in the Manawatu region . 

Mat ing commenced in the second week of  March each year and con-

tinued for 8 weeks . In order to extend the lamb ing period , and to 

control the dis tribution of  lambing , the ewes were ini tially held 

in a non-mating mob and a proportion of  them trans ferred to their  

respective mating groups at weekly intervals . By the seventh week 

of mat ing , all ewes were running with the ram .  The rams we re f i t ted 

with ma ting harnesses and crayon colours were changed at four teen-day 

intervals . Tupp ing marks we re recorded daily or  weekly and expec ted 

lambing dates calculated on the bas is of these records . The e�s 

were wintered on grass pas ture on the University farms with some hay 

b eing fed dur ing the las t  month of  ges tation . 

The remaining lambs were born to N . Z .  Merino ewes and were s ired 

by Booroola Merino-N . Z .  Merino cross rams . The ewes , which were 3 

to 7 years old ,  were on loan from the Wairakei Experimental S ta t ion 

o f  the Minis try of Agriculture and Fisheries . They were mated at 

Wairakei and transpor ted to Massey Univers i ty when about 3 months 
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pregnan t . Individual tupping records were no t availab le for these 

ewes . 

The ewes were transpor ted to the Animal Physiology Unit 3 to 7 

days be fore the ir expected lamb ing dates . Mos t  of  them were penned on 

wooden s lats in air temperatures of approximately 15°C .  Some ewes 

remained in these pens for up to 20 days before they lambed but  the 

maj o r i ty had lambed within a week of  arriving at the Uni t . 

One group o f  ewes , members o f  the "Progeny Tes t"  flock ( Chap ter 

VI) , appeared to be highly suscep tible to viral pneumonia and so were 

separated from the main flock . They were held outs ide the Uni t  in an 

open-s ided haybarn protec ted by 1 . 5 me tre-high walls cons truc ted of  

hay b ales . 

1 5°C .  

Air temperatures in the barn fluctuated b e tween 2°C and 

I n  all experiments the ewes were of fered average daily rat ions of  

approximately 0 . 5  kg dry mat ter ( DM) o f  good quality pas ture hay and 

1 . 0 kg DM of f reshly cut ryegrass /white  clover pasture . About 20% 

(by weight) of this ration , mainly dead and s talky p as t ure ma terial , 

was re fused by the ewes . Ave rage intakes were therefore 1 . 2  kg DM 

per day and were close to curre nt feeding recommendations for pen-fed 

pregnant ewes as summarized by Jagusch and Coop ( 19 7 1 ) . However ,  

because only l imi ted pen space was available ,  i t  was of ten necessary 

to pen the ewes in groups o f  2 to 3 and precise control o f  individual 

intakes was no t possible . The same s i tuation applied to ewes held in 

the haybarn . All ewes had continuous access to fresh water . 

On  entering the Unit some ewes did not eat for 24 to 48 hours 

and a few appeared to suffer f rom p regnancy toxaemia . They were 
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successfully treated by drenching with "Ke tol" (Ve terinary Ethicals 

L td . , Auckland) . Lambs born to ewes showing symp toms o f  pregnancy 

toxaemia or viral pneumonia were excluded from subsequent analyses . 

From the time they arrived at the Uni t ,  the ewes were inspec ted 

hourly be tween 7 a . m.  and midnight  for s igns of  impending parturition 

and , when cons idered necessary , lamb ing as s is tance was given . After 

lambing , all ewes ( including those wh ich lambed in the haybarn) were 

individually penned with their lambs in the Unit and their ration was 

changed to f reshly cut pas ture available ad libitum. Once tes ting 

of  the lambs had been completed , the ewes and the ir lambs were re turned 

to the Univers i ty farms . 

2 .  Management of lambs before tes ting 

As soon as possible af ter birth each lamb was tagged with a 

serially numbered brass eartag and its  sex,  b ir thrank , date and t ime o f  

b irth , eartag number and dam number were recorded . I f  lamb ing had 

occurred be tween midnight  and 7 a . m . , and had therefore no t been 

observed , the lamb ' s  t ime of birth was e s timated to the neares t hour 

from the degree of we tness of  its b i rthcoat and from its progress 

towards s tanding and suckling . 

In mos t  trials the me tabolic rate o f  each lamb was measured in 

order to es t imate its rate of body heat loss and to s t udy the extent 

to which variation in heat loss was determined by such fac tors as 

breed , sex , bodywe igh t and b irthcoat typ e . Because o f  the need to 

tes t a large number of  lambs in a short period of t ime , some lambs 

did not rece ive their f irst tes t unt i l  they were 25 to 30 hours old . 

I t  was therefore cons idered des i rable that any poss ible e f fe c ts o f  
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s tarvation on the lamb ' s ability to p roduce body heat , as have been 

demons trated by Alexander ( 19 6 2b) , should be avoided by allowing them 

to suckle be fore they were tes ted . This also avo ided a confounding 

o f  the ef fects  o f  age and s tarvation which would have arisen had 

suckling been prevented . As a general rule , therefore , the lamb was 

allowed unres tricted access to the dam ' s udder from the time o f  b irth 

until about 20 minutes before i ts tes t b egan . The excep tion was an 

experiment in which hal f the lambs were tes ted wi thin an hour o f  

birth and be fore they had suckled (Chap ter  VI) . 

Cont rol o f  Environmental Condit ions for Tes ting Lambs 

1 .  Cons truc tion o f  cl imate chambers 

The lambs were tes ted in 2 cl imate chambers , the dimens ions o f  

which are shown in Figure 1 and Figure 2 .  Each chamber  was con-

s t ructed of 4 mm hardboard on a s teel f rame and its floor and ceiling 

were lined with 25 mm expanded polys tyrene . 

Oxygen consump tion was measured in a ventilated hood in an open-

circuit sys tem s imilar to that des cribed by Holmes ( 1 9 7 1 ) . The hoo d ,  

o f  sealed hardboard cons truc tion , was mounted in the front o f  the 

climate chamber and was fitted with a clear perspex window which 

allowed the lamb ' s  head to be observed from outs ide the chamber . A 

plas t ic collar fitted into the hood was fas tened around the lamb ' s 

neck to seal the hood during the tes t period . 

Air was drawn into the hood through a 25 mm diame ter polyvinyl-

chloride ( PVC) pipe in the lower f ront co rner of the hood . The p ipe 

was connected to a two-li tre "Air  Intake Chamber" which buffered the 

sys tem agains t movement of exp ired a i r  out of the hood and which drew 
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air from with in the climate chamber . Air was drawn out of  the hood 

through a 25 mm diame ter 1 1Air Exhaus t Pipe1 1  to the gas me ters and 

oxygen analyser (see  11Measurements : Heat p roduc t ion1 1 ) . 

The lamb was held wi thin the c limate chamber in a cage con-

structed o f  30 mm s teel mesh with a 20 mm mesh floo r .  Bo th the cage 

and hood were raised 6 cm f rom the chamber  f loor to al low air to 

circulate beneath the lamb . Two s teel bars placed longtitudinally 

in the cage supported the lamb in a normal s i t t ing pos it ion ; i t  was 

then p revented from standing or turning by 2 addi tional bars passing 

through the mesh and across its  back . 

Two s liding perspex doo rs , each measuring 30 cm wide by 35 cm 

high , were built into the s ide o f  e ach chamber . These allowed 

observat ion of the lamb , adj us tment o f  equipment , and recording o f  

readings on the Mason ' s we t/dry b u l b  hygrome ter ( fixed to the ins ide 

wal l  of the chamber)  with minimum inte r ference to temperature contro l . 

2 .  Control o f  chamber air temperatures 

The cl ima te chambers were  located in an insulated room, the air 

temperature of wh ich was maintained at 2°C by mechanical refr igeration . 

Air temp eratures within each chamber  were controlled over the range 

5°C to 30°C by a two-kilowat t  commercial f an heater ( 1 1Tang-ray 1 1 ,  

H . E .  Shacklock Ltd . ,  Dunedin) mounted a t  the rear o f  the chamber and 

connec ted to an electronic thermo s tat (Model DE-79 7 3 , Des ign 

Elec tronics Ltd . ,  Palmers ton Nor th ) . The thermostat sensor  was 

located d irec tly over the lamb , 25 cm behind the oxygen hood and 

25 cm above the f loor of the cage . 

Nominal air temperatures us ed in the experiments ranged f rom 



The re lationship b e tween 

nominal and ac tual air temp eratures is d is cussed in a subsequent 

section (see "Precis ion o f  environmental control" ) .  

3 .  Control of  chamber airspeeds 

Variable airspeeds were provided by a 3 15 mm diame ter electric  

fan (General Electric Company ( N . Z . )  L td . , Welling ton) located to-

wards the r�ar of each cl imate chamber and connected to a variable 

fan-speed controller (Mode l  DE-500 1 ,  Des ign Elec tronics L td . ,  

Palmers ton Nor th) . Each fan was mounted o n  a s teel frame at an 

0 
angle of 75 to the chamber  floor ( Figure 2 )  . Nominal airs peeds 
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- 1  
used in the exper iments were 0 . 0 ,  1 . 0 ,  1 . 5 and 2 . 0 m sec . Ac tual 

airspeeds are d is cussed in the later sec tion "Precision of env iron-

mental control" . 

4 .  We tting o f  the lambs 

Lambs which were to b e  tes ted whi le we t were immersed in a bath 

o f  warm water ( approximately 20°C) and water was rubbed well into the 

coat . They were then allowed to s tand in a warm room for 5 minutes 

(unt il  excess water had drained from the coat) be fore being placed 

in the climate chambers . 

During the tes t procedure , we tness was maintained by an overhead 

sprinkler line placed d irec tly above the lamb . A series of  20 G 

(0 . 9  mm external d iame ter)  hypodermic need les inserted into this 

l ine at 6 cm spacing allowed water to drip continuous ly on to the 

- 1  
lamb at a rate o f  approximately 5 � hr • This was sub j ec t ively 

j udged to be suf f ic ient to keep the lamb ' s coat saturated with water . 

Excess water drained through holes in the chamber floor . 
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Water flowed to the overhead line from a heading tank (mounted 

2 m above the floor of the cl imate chamber) through 6 m of  6 mm 

( internal diame ter) p las tic  tubing coi led in a water bath . The 

temperature of the water bath was thermos tatically controlled so that 

water dripp ing on to the lamb was at  app roximate ly the s ame temper-

ature as air in the c limate chamber . Water temperature could no t 

be adj us ted as rap idly as could air temperature but was generally 

with in 2 to 3°C o f  nominal air temperature when the lamb ' s  heat 

production was measured . 

No attemp t was made to control the degree of we tness of  the lamb , 

ind ividuals being tes ted e i ther "we t" (s aturated) or "dry" ( to the 

touch) . When necessary , young lambs , whose coats were s t ill  we t 

with amnio t i c  fluids , were d ried in a s tream of warm air prior to 

be ing tes ted . 

5 .  Precis ion o f  environmental contro l 

The p recis ion with wh ich the climate chamber environment could 

be controlled was examined by measuring chamber air temperature , 

relative humid ity and airspeed for various comb inations o f  nominal 

temperature and nominal airspeed sett ings of the respective control 

equipment .  The effect  o f  chamber  "we tness" ( i . e .  whe ther or no t 

the equipment for we t ting the lambs was in use) was also included as 

a factor in this s tudy , the purpose of which was to de termine ; 

( i) the " true" or  measured values of  temperature and airspeed 

at each of the respec tive nominal s e t tings of  the control 

equipment . 

( ii )  the exis tence o f  any interac tions be tween the control 

mechanisms . 



( ii i )  the extent t o  wh ich the relat ive humidity of  a i r  in the 

chambers was inf luenced by airspeed , temperature and we t-

ness . Th is informat ion was required because relative 
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humid i ty o f  the a i r  could no t be control led but  was l ikely 

to be related to evaporat ive heat loss from the lamb ' s  

body . 

( iv) any be tween-chamber dif ferences in air temperature , 

relat ive humidity or  airspeed . 

(a )  Control o f  air  temperature 

The control of  air temperature was s tudied in an exper iment of 

four-way c ross-clas s i f ied des ign with interac tion (see "He thods of 

Analys is " ) . The 4 main ef fec ts s tudied , and their respec tive levels , 

are shown in Tab le 1 .  All main e f fec ts were treated as f ixed ( s ince 

all the levels of these main effects wh ich would be of interes t in 

subsequent experiments were included in the model) . 

rep licates per cell , a total o f  384 observations . 

There were 4 

Air temperature was measured to 0 . 5°C with a mercury thermome ter 

(G . H .  Zeal Ltd . , London, England ) placed alongs ide the thermos tat 

sensor and suppor ted so that the mercury bulb was 6 cm above the 

floor o f  the lamb cage . The accuracy o f  the thermome ter was 

checked agains t 2 o ther thermome ters o f  the same type by s imultaneous 

immers ion in water of various temp eratures . 

The analys is o f  variance presented in Tab le 1 shows that the 

e f fec ts o f  temperature se t t ing and airspeed setting were both h ighly 

s ignificant , while the interac tion be tween them was also s ignificant 

(P < . OS ) . Dif ferences between the chambers and be tween the levels 
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TABLE 1 :  EFFECT OF T EHPERATURE SETT ING , AIRSPEED SETT ING, ��ETNESS 
AND CHAHBERS ON MEASURED CHA't-1BER AIR TEMPERATURE 

C las s i f ica t ion Heasured A i r  Temperat ure ( °C)  Hean ± S . E . 

Nominal 
temperature (°C )  

5 . 0  

1 0 . 0 

1 5 . 0  

20 . 0  

2 5 . 0  

30 . 0  

C lass i f icat ion 

0 . 0  

5 . 3 4 ± 0 . 1 9  
( 1 6 )  

1 0 . 0 6  ± 0 . 2 7 
( 1 6 )  

1 4 . 44 ± 0 . 2 3 
( 1 6 )  

1 9 . 5 9  ± 0 . 3 5 
( 1 6 ) 

2 4 . 3 8  ± 0 . 3 6 
( 1 6 ) 

30 . 6 6 ± 0 . 3 1  
( 1 6 )  

Nominal tem2erature ( °C )  

5 . 0  
1 0 . 0 
1 5 . 0  
2 0 . 0 
2 5 . 0  
30 . 0  

- 1  
Nominal airs2eed (m sec ) 

0 . 0  
1 . 0  
1 . 5  
2 . 0  

Wetness  

Dry  
Wet 

C l ima te chamber 

Left  
Right 

- 1  
Nomina l airspeed (m sec ) 

1 . 0  1 . 5  

5 . 59 ± 0 . 1 6  4 . 9 4 ± 0 . 1 8  
( 1 6 )  ( 1 6 )  

9 . 3 8 ± 0 . 2 3  1 0 . 0 0 ± 0 . 2 3 
( 1 6 )  ( 1 6 )  

1 4 . 6 6 ± 0 . 2 3  1 4 . 0 6 ± 0 . 1 7  
( 1 6 )  ( 1 6 )  

1 9 . 7 5  ± 0 . 2 8  1 8 . 9 1  ± 0 . 2 2 
( 1 6 )  ( 1 6 )  

2 4 . 6 9  ± 0 . 2 2 2 4 . 4 7 ± 0 . 2 6  
( 1 6 ) ( 1 6 ) 

30 . 4 7 ± 0 . 2 6  2 9 . 2 5 ± 0 . 1 9  
( 1 6 )  ( 1 6 ) 

Measured Air Tem2erature (OC )  

5 . 2 9  
9 . 80 

1 4 . 34  
1 9 . 3 6  
24 . 5 6 
2 9 . 9 2 

1 7 . 4 1  
1 7 . 42 
1 6 . 9 4 
1 7 . 08 

± 
± 
± 
± 
± 
± 

± 
± 
± 
± 

0 . 09 
0 .  1 2  
0 . 1 1  
0 . 1 4 
0 . 1 4 
0 . 1 4 

0 . 88 
0 . 88 
0 . 86 
0 . 86 

( 64 )  
( 64 )  
( 64 )  
( 64 )  
( 64 )  
( 64 )  

( 9 6 )  
( 9 6 )  
( 9 6 )  
( 9 6 )  

1 7 . 1 2  ± 0 . 6 2 ( 1 9 2 )  
1 7 . 30 ± 0 . 6 1  ( 1 9 2 )  

1 7 . 2 7 ± 0 . 6 1  ( 1 9 2 )  
1 7 . 1 6  ± 0 . 6 1  ( 1 9 2 )  

2 . 0  

5 . 2 8 ± 0 . 1 2 
( 1 6 ) 

9 .  7 8  ± 0 . 2 2 
( 1 6 )  

1 4 . 1 9  ± 0 . 2 6 
( 1 6 )  

1 9 . 1 9  ± 0 . 2 2 
( 1 6 ) 

2 4 . 7 2  ± 0 . 2 9 
( 1 6 )  

2 9 . 3 1 ± 0 . 2 5  
( 1 6 )  

Hean ± S . E . 

. . . . .  /con t inued 



38 

TABLE 1 ,  cont inued 

Analys is of Var iance 

Source of  Varia t ion d . £ .  Mean Sguare F 

Temperature s e t t ing (Temp . )  5 5 4 4 6 . 1 2  5 5 5 7 . 2 7 *** 

Airspeed s e t t ing (Asp . )  3 5 . 6 7 5 . 7 9 *** 

Wetnes s 1 3 . 2 8 3 . 3 5 t 

Chambers 1 1 .  20 1 .  2 2  NS  

Temp . X Asp .  1 5  1 .  9 7  2 . 0 1  * 

Temp . x Wetness 5 0 . 8 6 0 . 88 NS 

Temp . x Chamb ers 5 0 . 87  0 . 89 NS 

Asp .  x Wetness 3 0 . 5 2  0 . 5 3  NS 

Asp . x Chambers 3 0 . 5 3  0 . 5 4 NS 

Wetness x Chambers 1 0 . 5 5  0 . 5 6  NS 

Temp . x Asp . x Wetness 1 5  0 . 9 3  0 . 9 5 NS 

Temp . x Asp . x Chamb ers 1 5  0 . 7 4  0 . 7 6  NS 

Temp . x Wetness  x Chamb ers 5 0 . 2 3  0 . 2 3  NS 

Asp . x Wetness x Chambers 3 1 .  24  1 .  2 7  NS 

Error 3 0 3  0 . 9 8  

Quadratic Components 

Source of  Contro l  

Temperature s e t t in g  (Temp . ) 

Airspeed se t t ing (Asp . )  

Wetness 

Chambers 

Temp . x Asp . Interac t ion 

Error 

% Control of  Variat ion in Measured 
Air Temp era ture 

9 8 . 7 6 

0 . 06 

0 . 0 1  

0 . 00 

0 . 0 7 

1 . 1 0 

1 0 0 . 00 



3 9  

o f  we tness were no t s ignif icant . 

The s ignificant e f fect o f  airspeed was associated with a tendency 

for measured air temperature to decrease as nominal airspeed increased , 

par t icularly at the h ighest  nominal temperature . I t  seems l ikely 

that this was due to grea ter amounts of  cold air being drawn into 

the c l imate chambers at the higher airspeeds , which may have limited 

the abi l i ty of the temperature control equipment to maintain the 

higher  air temperatures . However , this e f fect was no t cons is tent 

across the airspeeds and par t  of  the temperature x airs peed inter­

act ion may have been due to different pat terns of air movement within  

the chambers at  each airspeed . 

Al though the airspeed e f fect  and its interac tion wi th tempe rature 

set ting were s ignif i cant , an analys is of quadratic components ( Tab l e  1 )  

shows that they contr ibuted l i t tle to the to tal variation in measured 

air temperature . Nevertheless , within each temperature s e t t ing the 

mean measured air temperature varied with airspeed se t t ing by up to 

As a cons equence , any comparison of airspeeds includes no t 

only a direc t e f fe c t  of air movement on heat loss f rom the lamb ' s  

body but  also a smal l ef fec t on the rectal temperature - air temper­

ature gradient exper ienced by the lamb . This effect was no t ,  however , 

cons idered to be o f  maj or  impor tance . I n  mos t  of the experiments 

comparisons were made only at the 2 lowes t nominal air temperatures 

whe re the mean measured air temperature varied with airspeed by only 

0 . 4 to 0 . 7°C ( o r  1 to 2% of the expec ted rec tal temperature - air 

temperature grad ient) . 

(b ) Control o f  airspeed 

The contro l of  airspeed was examined in an experiment of two-way 
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c ross-clas s i f ied des ign with airspeed set ting and chambers as main 

effects  (both treated as f ixed e f fects ) . There were 5 repl icates 

per cell , a total of  40 observations . 

- 1 Airspeeds were measured to 0 . 1 m sec with a low-to rque cup 

anemome ter ( "Rimco" , Rauchfuss I ns truments and S taff  P ty .  Ltd . , 

Victo r i a ,  Aus t ralia) . This was placed 20 cm behind the oxygen hoods 

with the centre of the anemome ter  cups 6 cm above the floor  of the 

cage . Measurements were made over success ive f ive-minute intervals . 

The analysis o f  variance ( Table 2 )  shows a h ighly s ignif icant 

e f fe c t  of airspeed s e t t ing . This main effect  controlled more than 

9 8 %  o f  the var iation in measured airspeed (see "Quadratic Components " , 

Tabl e  2 )  but measured airspeeds were lower than the co rres ponding 

nomi nal values . All other e f fects were non-significant . 

The cup anemome ter has a poor sens i t ivity to very low airspeeds 

and so an addi tional me thod o f  es timating the rate of air  movement 

0 0 - 1 . 1 . d i d at  • m sec nom1na a1rspee was requ re . Us ing a s tandard 

uns i lve red Kata thermome ter ( C . F .  Casella and Co . Ltd . , London) the 

mean rate of air movement in " s t ill air" conditions was es t imated to 

- 1 b e  0 . 0 10 ± 0 . 00 1 m sec from 10 observat ions in each chamber . 

The degree to which air movement in climate chambers o f  this 

type approximates the corresponding s ituation in the f ield is , o f  

cours e ,  ques t ionable . I n  the field s ituat ion air movement could be 

exp ec ted to mo re closely approach a laminar flow , al though turbulence 

would b e  induced by such fac tors as the roughness o f  the pas t ure 

cove r . For the purposes of  the present s tudy , however ,  it  was 

necessary to tes t the lambs in relatively small climate chambers in 



TABLE 2 :  EFFECT O F  AIRSPEED SETTING AND CHAMBERS ON MEASURED 
CHAMBER AIRSPEED 

Classif ication 

- 1  
Nominal airspeed (m sec ) 

0 . 0 

1 . 0 

1 . 5 

2 . 0  

Climate chambe r  

Left 

Right 

- 1  
Measured Airspeed (m sec ) Mean ± S . E .  

0 . 00 ± o . oo 
0 . 9 3  ± 0 . 0 2  

1 . 4 1  ± 0 . 0 2  

1 . 9 1  ± 0 . 0 2  

1 . 0 8  ± 0 . 16 

1 . 04 ± 0 . 16 

( 10 )  

( 10 )  

( 10 )  

( 10 )  

( 20)  

( 20 )  

Analys is o f  Variance 

Source of Variation d .  f .  Mean Square F 

4 1  

Airspeed s e t t ing (Asp . )  

Chambers 

3 

1 

6 . 60 

0 . 0 1  

1 100 . 3 3 *** 

2 . 00 NS 

Asp . x Chambers 

E rror 

Source of Control 

Airspeed s e t t ing 

Chambers 

Error 

3 o . oo 0 .  50 NS 

32 0 . 0 1  

Quadratic Components 

% Control of Variation in 
Measured Airspeed 

98 . 66 

0 . 45 

0 . 89 

100 . oo 
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which ambient temperature could b e  altered rap idly . The turbulent 

air f low pat terns wh ich would have been produced in the chambers were  

there fore an unavo idab le consequence of this requirement , and results 

from the s tudies o f  the effects o f  air movement are l ikely to have 

only l imited applicat ion in the field . 

( c )  Fac tors affecting the relative humid i ty o f  air in the 

chambers 

Control of the relative humid ity (RH)  o f  air in the clima te 

chambers was no t poss ible with the available  equipment . It  was 

therefore impor tant to determine the extent to wh ich RH was af fec ted 

by o ther components of the chamber env ironment . 

The s tudy invo lved a four-way cross-clas s if ied des ign model  with 

the s ame main effects (and levels of  these e ffects)  as in the "Control 

o f  air temperature" experiment .  Again all main effects were treated 

as f ixed and there were  4 replicates per cell , a total of 384 

observations . 

Relative humidi ty was calculated to 1 %  f rom temperature read ings 

0 
( to 0 . 5  C )  on the Mason ' s we t/dry bulb hygrome ters (G . H . Zeal Ltd . ,  

London, England) us ing hygrome tric tables p rovided by the manufacturer . 

Before the experiment commenced , the hygrome ters were mounted toge ther 

in one chamber and exposed to air of  vary ing RH to ensure that the ir 

read ings were in agreement with one ano the r . 

The data were f i t ted in all models as decimals and were no t trans-

formed to normali ty . Trans formation was cons idered unnecessary 

because the data , al though in percentage form , appeared to app roximate 

a normal distribu tion . This assump tion was confirmed by comp ar ing 
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the F-ratios from analyses of variance on the non- trans formed and 

trans formed (by Arcs in trans format ion) data (see "Methods o f  

Analys is") . 

The analys is o f  var iance (Table 3 )  shows that al l the main 

effects were s ignif icant , al though 2 of these ( temperature s e t t ing 

and we tness ) controlled over 75%  of the variation in measured RH . 

Three of the f irs t-order interact ions were also s ignif icant . 

The analys is o f  variance mus t be interpre ted wi th care because 

o f  the pos s ib ility that some of the main e f fects influenced no t only 

the true RH of air in the chambers but also the estimates provided by 

the hygrome ters of the humidity . Th is is par t icularly impor tant when 

s tudy ing the e f fects o f  airspeed . Penman ( 1 9 5 8 )  stated " I t  is a fac t 

of  experience that we t-bulb tempera ture does depend on ventilation 

rate , the ' we t-bulb depres s ion ' . . . . .  being leas t in calm air and 

increas ing to a s teady upper l imit as vent ilation rate increases" . 

In order to overcome this prob lem , s tandard tables provided for the 

conversion of wet- and dry-bulb thermome ter readings to RH are based 

on the assump t ion that  the rate of  air movement over the hygrome ter 

- 1  
will be in the range 1 . 0 to 1 . 5 m sec The tables used in the 

present s tudy were of this type (Honnor , pers . comm . ) . S ince these 

tables overes t imate RH if  used for temperatures measured in s ti l l  air , 

and underes timate RH i f  the hygrome ters are s trongly ventilated , the 

tendency for measured RH to decline as airspeed increased (Tab le 3 )  

may have been a consequence o f  measurement errors rather than o f  a 

true change in humidi ty o f  the air . This would sugges t that the 

bes t estimates of RH at each nominal temperature are likely to have 

been those ob tained at the intermediate a irspeeds . I f  an effect  o f  
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TABLE 3 :  EFFECT O F  TEMPERATURE SETTING2 AIRSPEED SETT ING2 WETNESS 
AND CHAMBERS ON MEASURED RELATIVE HUMIDITY OF AIR IN THE 
CHAMBERS (Relat ive humidity means and their s tandard e rrors 
are expressed as decimals) 

Clas s ification Measured Relat ive Humidity - Mean ± S . E .  

- 1  
Nominal airs_eeed (m sec ) We tness  

0 . 0  1 . 0 1 . 5 2 . 0  Dry We t 
Nominal 
tem_eerature (

o
C) 

5 . 0 0 . 768±  0 .  6 7 1± 0 .  7 10 ±  0 .  7 4 2 ±  0 . 6 28±  0 . 8 1 8 ±  
0 . 050  0 . 0 34 0 . 028  0 . 0 36 0 . 0 24 0 . o  1 8  

( 16 )  ( 16 )  ( 16 )  ( 16 )  ( 32)  ( 3 2 )  

10 . o  0 . 683±  0 . 60 1 ±  0 . 5 60± 0 . 5 3 3±  0 . 5 14±  0 . 6 74 ±  
0 . 0 34 0 . 025 0 . 029  0 . 025  0 . 0 16 0 . 0 1 8 

( 16 )  ( 16)  ( 16 )  ( 16 )  ( 32)  ( 3 2 )  

15 . 0  0 . 59 2 ±  0 . 4 4 7 ±  0 . 4 2 9 ±  0 . 4 2 2 ±  0 . 39 2 ±  0 . 5 5 3± 
0 . 0 2 7  0 . 028 0 . 026  0 . 0 2 3  0 . 0 16 0 . 0 1 7  

( 16 )  ( 16 )  ( 16 )  ( 16 )  ( 32)  ( 3 2 )  

20 . 0  0 . 506±  0 . 370 ±  0 . 34 1± 0 .  330 ±  0 . 3 2 1 ±  0 . 45 3± 
0 . 0 2 2  0 . 0 2 3  0 . 0 24 0 . 0 2 1  0 . 0 15 0 . 0 1 7  

( 16 )  ( 16 )  ( 16 )  ( 16 )  ( 3 2)  ( 3 2) 

25 . 0  0 . 4 23±  0 . 3 13 ±  0 . 29 6 ±  0 . 29 1 ±  0 . 269±  0 . 39 2 ±  
0 . 0 19 0 . 0 2 1 0 . 0 2 3  0 . 024 0 . 0 14 0 . o  14  

( 16) ( 16 )  ( 16 )  ( 16 )  ( 32 )  ( 32 )  

30 . 0  0 . 334±  0 . 2 7 3 ±  0 . 2 7 3± 0 . 2 38± 0 . 244±  0 . 3 15 ±  
0 . 0 1 7 0 . 0 20 0 . 026  0 . 0 1 7  0 . 0 16 0 . 0 1 2 

( 16)  ( 16)  ( 16 )  ( 16 )  ( 32 )  ( 3 2)  

Cl imate chambers 

Lef t  0 . 550±  0 . 480 ± 0 . 4 70 ±  0 . 45 3 ±  
0 . 0 30 0 . 026 0 . 0 2 7  0 . 0 28 

( 48)  (48)  (48)  (48 )  

Right 0 . 55 2 ±  0 . 4 1 1 ± 0 .  399 ±  0 . 39 9 ±  
0 . 0 25 0 . 025  0 . 0 2 7  0 . 0 29 

(48 )  (48 )  (48)  (48 )  

• • • • .  /continued 



TABLE 3 ,  continued 

C lassification Measured 

Nominal temEerature (OC )  

5 . 0 

1 0 . 0  

1 5 . 0  

20 . 0  

25 . 0  

30 . 0  

Nominal airsEeed 

o . o 
1 . 0 

1 . 5 

2 . 0 

Wetness 

Dry 

Wet 

Climate chamber 

Left  

Righ t  

- 1  
(m sec  ) 

4 5  

Relative Humidity - Mean ± S . E .  

0 . 7 23 ± 0 . 0 1 9  ( 6 4 )  

0 . 5 94 ± 0 . 0 1 6  (64 )  

0 . 4 7 2  ± 0 .0 1 6 ( 6 4 )  

0 . 38 7  ± 0 . 0 14 ( 6 4 )  

0 . 33 1  ± 0 . 0 1 3  ( 6 4 )  

0 . 279  ± 0 . 0 1 1  ( 64 )  

0 . 5 5 1  ± 0 . 0 19 ( 96 )  

0 . 446 ± 0 . 0 1 8  ( 9 6 )  

0 . 4 35 ± 0 . 0 19 ( 9 6 )  

0 . 426  ± 0 . 0 20 ( 96 )  

0 . 395 ± 0 . 0 1 2  ( 19 2 )  

0 . 534 ± 0 . 0 14 ( 19 2 )  

0 . 488 ± 0 . 0 14 ( 19 2 )  

0 . 440 ± 0 . 0 14 ( 19 2) 

• • • • •  /continued 
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TABLE 3 ,  con tinued 

Analys is of  Variance 

Source of Variation d. f .  Mean Square F 

Temperature sett ing (Temp . ) 5 1 .  8 1 4 342 . 1 7  * * *  

Airspeed setting (As p . ) 3 0 . 3 2 7  6 1 . 7 0 * * *  

We tne ss 1 1 . 86 9  3 5 2 . 6 4 * * *  

Chambers 1 0 . 2 2 6  42 . 5 8 * * *  

Temp . x Asp . 1 5  0 . 0 1 3  2 . 5 1 * *  

Temp . x Wetness 5 0 . 02 7  5 . 1 5  * * *  

Temp . x Chambers 5 0 . 00 2  0 . 3 8  N S  

Asp .  x Wetness 3 0 . 0 1 0  1 .  9 4  NS 

Asp . x Chambers 3 0 . 02 8  5 . 38 ** 

We tne ss x Chambers 1 0 . 02 0  3 . 8 3 t 

Temp . x Asp .  x We tness 1 5  0 . 004 0 . 8 3 NS 

Temp . x Asp . x Chambers 1 5  0 . 00 5  0 . 9 1  NS 

Temp . x We tness x Chambers 5 0 . 002 0 . 38 NS 

Asp . x Wetness x Chambers 3 0 . 00 1  0 . 2 3 NS 

Error 303  0 . 00 5  

Quadratic Componen ts 

Source of Control % Control  o f  Variat ion in Measured R . H . 

Temperature set t in g  (Temp . ) 

Airspeed setting (Asp . )  

We tness 

Chambers 

Temp . x Asp . Interact ion 

Temp . x Wetness Interact ion 

Asp . x Chambers Interact ion 

Error 

5 7 . 3 

6 . 8  

1 9 . 7 

2 . 3  

1 . 0  

1 . 4  

1 . 0  

1 0 . 6 

1 00 . 1 



airspeed on true RH did exis t ,  i t  would presumably have occurred 

through a tendency for the fans to draw increas ing amounts of  com­

p aratively dry air into the chambers as airspeed increased . 

The significant be tween-chamber differences in measured RH may 
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also be related to the airspeed effec t .  As is shown in Table 3 the 

hygrome ters produced essentially the same es timate of mean relative 

humidity (pooled over temperature and we tness)  when in s till air . 

However , when the fans were in operation the right chamber hygrome ter 

produced cons istently low es timates of mean RH which sugges ts that i ts 

we t bulb was more exposed to air movement than that  o f  the lef t  

chamber hygrome ter . A pos s ible explanation for this difference may 

be found in the cl imate  chamber cons truction . The hygrome ters were 

provided with the wet bulb fixed to the righ t  of the dry bulb . Thus 

when they were mounted on the chamber walls (Figure 1 ) , the wet bulb 

o f  the right chamber hygrometer may have been more exposed to air 

movement ( from the fans ) than that  o f  the left  chamber hygrometer 

(which may have been p artially sheltered by the dry bulb ) . Al ter-

natively the difference could have been due to differing patterns o f  

air movement within the chambers . However this effect  was no t 

important in subsequent experiments s ince lambs were randomly 

ass igned to chambers across all treatments . 

The temperature and we tness e ffects are cons idered to have been 

true e ffects on relative humidi ty . Use o f  the sprinkler system 

resul ted in the formation o f  a pool o f  water on the floor of  the 

chambers , evaporation from whi ch would have increased the mois ture 

content of the air . Conversely the temperature effect  would have 

occurred primarily as a result o f  the decreased water-holding 
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capaci ty o f  cold air . 

An examination of the temperature x wetness cell means in Table 

3 shows that this interac t io n  occurred because , as air temp erature 

fell , RH in we t conditions increased at a fas ter rate than in dry 

cond i t ions . Thus although the to tal rate of  evaporation f rom the 

free water pool was expec ted to be reduced at low air temp eratures , i t  

cons ti tuted a greater RH d i f ference ( "we t" less "dry")  because the 

amount of water required to s aturate the air declines exponentially 

with air temperature . 

The temperature x airspeed cell means ( Table 3) sugges t that  at 

zero airspeed , RH was cons is tently overes timated by the hygrome ters 

and that this effect was mos t  pronounced at  the intermediate nominal 

tempe ratures .  One of the effects o f  poor ventilation is that the 

cool damp air immediately surrounding the wet bulb is incompletely 

replaced by the relatively warm dry air in the environment at  large 

so that  the wet bulb depress ion is reduced and RH is overes timated 

(Penman, 1 9 5 8) . It  is  there fore reasonable to expec t  that  at low 

ambient temperatures , when air in the chambers was near saturation 

level , the e ffect of incomp l e te replacement would have been minimized 

compared wi th that at higher temperatures when the "replacement air" 

had a relatively lower humidi ty .  However this does no t explain why 

the difference be tween the es timates o f  RH in s till and moving air 

was also relatively small at the highes t ambient temperature . 

Clearly some o ther mechanism was operating at this end o f  the 

temp erature s cale . 
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Although a comp lete explanation o f  these interactions i s  no t 

poss ible , i t  should be  no ted that they contributed , in total , to less 

than 5 %  o f  the variation in measured RH .  As such they are relatively 

unimportant e f fe c ts compared with the control of variation in RH exe r ted 

by temperature s e t t ing and we tness . Moreover ,  s ince mos t o f  the 

interact ions , and probably also the airspeed effect , appear to have 

involved an e f fec t on the measurement of  RH rather than on the true 

rela tive humid i ty of air in the chambers , they would no t be reflec ted 

in the environmen t  ac tually exper ienced by the lamb . Consequently 

the main effects "nominal air temperatur e "  and "we tness "  would 

probably have controlled much more than 75%  of the variation in 

true ( as opposed to measured) relative humidity of the air in the 

climate chambers . 

Measurements I n  Newborn Lambs 

1 .  Heat produc t ion 

The lamb ' s heat produc t ion was calculated f rom measurements o f  

i t s  oxygen consump tion made i n  a ventilated hood in an open-circuit 

sys tem .  Air was drawn into the hood f rom within the climate 

- 1  
chambers a t  a rate o f  1 5  t o  20 1 min which ensured that the o xygen 

content of the exhaus t air did no t fall below 19% .  The exhaus t air 

was cooled to 5°C and then rewarmed to 2 3°C before pass ing through 

dry gas meters . Total gas f low rates were calculated separately 

for each lamb tes t  and volumes were correc ted to S tandard Tempera ture 

and Pressure ( STP) of dry gas . The oxygen concentration o f  small 

d ried samples o f  the ingoing and exhaus t air was measured by a para-

magne tic analyser (Model OA 1 37 , Servomex and Company , England) with 

a range of 1 9  to  2 1% oxygen concentratio n .  The output  of  the 
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analyser was connected to a p otentiome tric chart recorder ( Electronik 

194 , Honeywell , England) and the oxygen concentration in the exhaus t 

gases was read from the recorde r chart when the lamb ' s  oxygen con­

sump t ion was cons idered to have been s table for  a period o f  a t  leas t 

5 minutes . S tability o f  oxygen consump tion was determined by con-

tinuous observation of  the recorder char t . Upon exposure o f  the 

lamb to cold , its oxygen consump tion showed an initially rap id 

increas e but eventually reached a p lateau and did no t change by more 

than ±5% (a deviation o f  2 to 6 mm on the recorder chart)  over long 

period:; of t ime . Once this s teady-s tate si tuation had been reached , 

the lamb ' s oxygen consump t ion was cons idered to have s tabili zed . 

The s table rate o f  oxygen cons ump t ion was then calculated as the 

product  of the ventilation rate ( correc ted to STP) and the diffe rence 

in percentage oxygen concentration be tween the ingoing and exhaus t 

air samples . The oxygen analyser and char t recorder were calibrated 

daily agains t gases of known oxygen concentration . 

A varie ty of  formulae are availab le for the calculation of  heat 

p roduc tion from oxygen consump tion and o ther me tabolic chemical 

exchanges . The mos t  commonly used is that  of  Brouwer ( 1965 ) , here 

expressed in kiloj oules by Webs ter ( 19 74 ) ; 

• 

H = 1 6 . 1 70 (0 2) + 5 . 0 2 1  ( C0 2) - 2 . 16 7  (CH4 ) - 5 . 9 8 7  ( N) 

where H heat produc t ion ( in kiloj oules ) 

(02) litres o f  oxy gen cons umed 

(C02) li tres o f  carbon dioxide produced 

(CH
4

) = litres of me thane p roduced 

(N) grams of urinary nitro gen excre ted . 

Webs ter s tates that  the methane term is applicable only to 
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ruminants and that the nitrogen correc tio n  can be  applied only when 

measurements are continued for at leas t 24 hours . Thus in shor t-term 

tests (up to 3 hours)  on newborn lambs (wh ich are me tabolically non­

ruminant) , Brouwer ' s equation may be reduced to the terms in oxygen 

and carbon dioxide . The error from neglecting the me thane and 

urinary nitrogen correc tions is repor tedly less than ± 2% (Webs ter , 

1 9 74 ) . 

A simple equation for calculating heat production from oxygen 

consump tion alone has been given by McLean ( 1 9 7 2 ) . 

kiloj oules by Webs ter this equation is o f  the form:  

H = 20 . 4 6  (0 2) 

As expressed in 

McLean calculated that the es timates o f  heat p roduc tion p rovided by 

this equation are unlikely to differ f rom those provided by the full 

Brouwer equation by more than ± 2% when heat production is measured in 

an open-circuit calorimeter , "excep t under severely abnormal feeding 

conditions" . 

In order to determine wh ich of  the formulae should be used in 

subsequent trial work , and hence whe ther measurements o f  carbon 

dioxide produc t io n  would be required , a preliminary trial was under­

taken to compare the es timates o f  heat p roduct ion provided by the 

formula of McLean and that  of Brouwer ( reduced to terms in o 2 and 

Five newborn lambs were each exposed to 4 se ts o f  environ-

mental cond i t ions , a total o f  20 observations . Gas flow rates and 

oxygen concentrations were measured over a ten-minute period as 

previously descr ibed . The carbon d ioxide concentration o f  the in-

going and exhaus t air was measured by an infra-red gas analyser 



TABLE 4 :  

Formula 

TEST OF D IFFERENCES BETWEEN THE ESTIMATES OF HEAT 
PRODUCTION PROVIDED BY THE FORMULA OF McLEAN ( 19 7 2)  
AND THE REDUCED FORMULA OF BROUWER ( 19 65)  

5 2  

Number of 
es timates 

Es timated Heat P roduction 
(kJ) Mean ± S . E .  

McLean ( 1 9 7 2 )  20 26 . 5 5  ± 1 . 6 1  

H = 20 . 4 6  (02) 

( Reduced) Brouwer ( 19 6 5 )  20 

H = 1 6 . 1 70 (02) + 5 . 0 2 1  ( C02
) 

Paired t-tes t :  0 . 40 , NS 

s- 0 . 1 1  
d 

26 . 50 ± 1 . 6 1  
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(Model SB2 , Grubb Parsons , England) calibrated daily agains t gases o f  

known carbon dioxide concentratio n .  

An analysis , b y  the p aired t- tes t ,  o f  the es timates of  heat pro-

duction provided by each formula showed that  they were no t s ignif i-

cantly d i fferent (Table  4 ) . In no case did the difference b e tween 

the es t imates exceed 4% o f  the Brouwer es t imate and the decis ion was 

made to use McLean ' s  formula in all subsequent calculations of heat 

p roduction . Routine measurement of  carbon d ioxide produc tion was 

therefore no t required since resp iratory quo t ients were no t of  

interes t in  this s tudy . The rate o f  heat produc tion,  calculated by 

McLean ' s formula , was expressed in Watts per kilogram of  bodywe igh t 

- 1  
(W kg ) .  

2 .  Rec tal and skin temperatures 

( a) Rectal temperature 

In the initial exper iments rec tal temperatures were measured to 

0 . 5°C with copper-cons tantan thermocoup les (wire diame ter 0 . 3 mm) 

encased in 4 mm (external diame ter) plas tic  tub ing . These were 

inserted 5 cm into the rectum o f  the lamb and held in p lace by 

f lexible s traps at tached to the cage . 

One thermoj unct io n  o f  each thermocouple  was fixed in a cons tant 

reference j unction (As sociated E lec trical I ndus tries L td . , England) , 

the temp erature of  which was maintained at  40
°C .  The thermocouples 

were connec ted through a mo tori zed Rotary Selector Switch ( Type SP2 ,  

Croydon P recision Ins t rument Company , England) to a potentiometric  

chart recorder (Model SP-G3 , Riken Denshi Co . L td . ,  Jap an) giving 

readings on each thermocouple for 20 seconds a t  two-minute intervals . 



The thermocoup les were calibrated at  regular intervals by 

0 
immers ion in  water o f  varying temperatures in the range 1 0  to 40 C .  

Water temperatures were measured to 0 . 5
°C with mercury thermome ters 

(G . H .  Zeal L td . ,  England) . 

5 4  

In later experiments , where greater accuracy was required , rectal 

temperatures were measured to 0 . 1°C wi th prismatic-type clinical 

thermome ters ( "Phoenix" ,  Japan) inserted 6 cm into the rectum for a 

period o f  1 minute . When no t in use the thermome ters were s tored 

in a dilute antisep tic  solution . Before the trials , all thermo-

meters to b e  used were s imultaneously immers ed in water o f  varying 

temperatures to ensure that  they gave cons is tent readings . 

(b)  Skin temperature 

Hind-lamb skin temperature was measured to 0 . 5°C with copper-

cons tantan thermocouples (wire diame ter 0 . 3  mm) encased in  a s ingle 

layer of thin plas t ic adhes ive tap e . An area on the outs ide o f  the 

hind leg , 4 cm long by 2 cm wide and 3 cm above the hoo f , was clipped 

free of  woo l .  The thermocouple was f ixed in place wi th a 3 cm-wide ,  

1 . 3  mm- thi ck ,  vinyl s t rap fas tened around the leg . One thermo-

j unction o f  each thermocouple was f ixed in the same reference j unc t ion 

as for the rec tal temperature thermocoup les and they were connec ted in 

the same manner to the potentiome tric char t recorder . Calib ration o f  

the thermocouples was s imilarly b y  immers ion i n  water o f  various 

temperatures . 

An impor tant cons traint in the skin temp erature s tudies was tha t ,  

because a large numbe r  of  lambs was t o  b e  tes ted , i t  was not poss ible 

to allow s u f f icient t ime in each tes t for skin temperature to 

equilibrate wi th env ironmental temperature . Preliminary s tudies 



showed that  when lambs were  exposed to a cold environment , skin 

temperature declined rap idly at firs t but then more s lowly as i t  

approached environmental temp erature . This presumab ly occurred 

5 5  

because heat was los t from the limb across the skin temperature­

ambient temperature gradient , which declined with skin temperature . 

Cons iderable periods of  time were therefore required for skin 

temperature to equilibrate comple tely with environmental temperature . 

As a compromise , skin temperature was measured once heat p roduc t ion 

had s tabilized , at a time when it was approaching , but had no t quite 

at tained , equilibrium with the environment . 

A danger inherent in this approach was that  if treatments 

af fected the period of time required for lambs to at tain s table heat 

p roduct ion , they might exe r t  a confounding effect  on skin temperature 

( through an e ffect on the period available for skin temperature to 

equilibrate) . For this reason skin temperature was measured , no t as 

soon as heat production s tabilized , but  rather a t  ( as far as possible) 

a f ixed time interval af ter the lamb was exposed to the cold environ-

ment . As a safeguard this t ime interval was recorded for each lamb 

and preliminary analyses were  conduc ted to de termine whe ther this was 

influenced to any degree by treatments which s ignifi cantly affected 

s kin temperature . 

experiments . 

No such relationships were  found in any o f  the 

Some of the sources o f  e rror associated with the measurement o f  

skin te�perature have been d iscuss ed b y  Molnar and Rosenb aum ( 1963) . 

I n  particular , they no ted that the tendency for  the rmo couples to 

under-es timate true skin temperature increas es with air velocity 

and with the temperature gradient b e tween the s kin and the external 



5 6  

air . This e f fect  is due to an increas ing transfer  o f  heat away f rom 

the thermocouple as bo th airspeed and the temperature gradient increase . 

I t  seems l ikely that we t ting the lamb would have a s imilar e f fe c t , due 

to heat loss ( from the thermocouple area) associated with the 

evaporation o f  water lying on the vinyl s trap ,  although this e ffect  

would probably be small . While some evidence exis ts that the use of  

a vinyl s trap to  secure the thermocouple in  p lace would have reduced 

the magnitude of thes e errors compared with those associated wi th an 

exposed thermocouple (Molnar and Rosenbaum, 1 9 6 3) , i t  was no t possib le 

to actually measure the s ize of  these errors experimentally . Thus , 

when comp aring the skin temperatures o f  lambs exposed to d i f ferent 

environments , i t  mus t be  remembered that  environmental condi t ions , 

and the me thod of measurement , may have produced errors in measured 

skin temperature . 

3 .  Characteris tics o f  the b irthcoat 

(a) Dep th of  b ir th coat  

The dep th o f  the b ir thcoat (defined as  the distance f rom the 

skin surface to the outer margin of the coat) was cons idered likely 

to be a maj or  de terminant of  its insulat ive value . A preliminary 

s tudy of  the variation in birthcoat dep th be tween- and wi thin-coat 

types was therefore made to de termine the posi tions at  whi ch the 

dep th should be measured in subsequent experiments . 

Six tanned Romney lamb skins , 2 each o f  hairiness  grades I l l , 

V and VII  ( Dry , 1955) , were used in the s tudy . These grades are 

based primarily on the distribut ion and dens i ty of  long medullated 

"halo hairs " across the back of the lamb ; the lower the dens i ty of  

halo 4airs , the lower is the  hairiness grade . Unfor tunately the 
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age o f  the lambs a t  the time o f  death was no t known precisely but  i t  

was reasonable to assume tha t  they were less than 2 weeks old , b ased 

on the s ize and appearance of  the skins , and the informat ion that  

Dry , who had originally graded these skins , generally did s o  when 

the lambs were only a few days old (Dry , 1955) . However ,  the 

pos s ib il i ty of some error due to changes in birthcoat s tructure wi th 

age could no t b e  entirely dis counted . 

Birthcoat dep th was measured to 1 mm with a pair o f  modi f ied d ial 

calipers (Mitutoyo Co . ,  Jap an) at 10 s t andard pos i tions on each skin . 

The pos i tions were initially chos en a t  random on one ski n ,  identif ied 

relative to their  site  in the whole lamb , and the correspond ing 

pos i tions marked on the o ther skins thus : 

Pos i t ion code 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

S i te  ( Figure 3 )  

Base o f  the tail over the spine 

Over the spine , in line wi th the h ipbones 

( tuber coxae) 

Over the spine , pos terior to  the shoulder blades 

(scapulae )  

Over hipbone 

On the neck , below and beh ind the ear 

On the rump , in line with mids ide pos i t ions ( G ,  H) 

Mids ide , over the las t rib 

Mids ide , over the s ix th r ib 

Hind leg , immediately above the "kne e "  j oint 

Above and beh ind the axilla of the f ront leg . 

Dep th measurements were  made b o th when the coa t  was d ry and 

after i t  had been thoroughly we t ted with tap water . There were 
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FIGURE 3 :  POSITIONS OF MEASUREMENT IN PRELIMINARY ANALYS I S  OF 
BIRTHCOAT DEPTH 
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4 rep l icates per cel l ,  a total o f  480 observations . 

The analys is o f  variance is presented in Table 5 .  Main e f fe c ts 

"grade" and "we tness"  were treated as being f ixed while "pos ition" and 

"skin within grade" were cons idered to be random e ffects . 

The s ignif icant e f fe c t  o f  birthcoat grade was to be expected 

since the classificat ion o f  lambs into grades is based pr imarily on 

the distribution and dens i ty o f  long halo hairs in the b ir thcoat . 

Thus as the b ir thcoat grade ( and therefore the densi ty of  halo hairs )  

increased , there was a corresponding increas e i n  the dep th o f  the coat . 

However the grades are broad class ifications o nly and there was con­

siderab le variation in bir thcoat dep th between lambs (skins ) wi thin 

each grade . 

The grade x pos i tion cell means (Table 5 )  show that , as b i r thcoat 

grade increased , there was a sequential increase in dep th which , in 

general terms , occurred f irs t at  the pos i tions along the b ack ( pos i t ions 

A to F) and then at those on the s ide (G to J)  . This relationship . 

which corresponds with the pat tern of  halo hair development des cribed 

by D ry ( 1955) , accounts for  the s ignif icant grade x pos i t ion inter-

ac t ion . Across all grades the tendency for the "back" positions to 

have a greater dep th than thos e on the side persis ted , although 

differences between the pos i tions were no t s ignificant . I t  should 

be no ted , however , tha t  d if ferences b e tween the pos i t ions would h ave 

been s ignificant ( a t  the 5 %  level) had "pos i t ion" been treated as  a 

f ixed e ffect . 

We t ting o f  the skins resul ted in a s ignificant reduc t ion in their 

mean b ir thcoat dep th but  there was cons iderable variation in the 



TABLE 5 :  

60 

EFFECT OF B I RTHCOAT GRADE, SKINS W ITHIN GRADE, POS I T ION AND WETN ESS ON B IRTHCOAT DEPTH 

(Four observat i ons contr ibute to each we tness x pos i t ion x skin w i t h i n  grade c e l l  mean . 
For o t her means t h e  numbe r of observations is shown in parenthe s e s )  

C lass i f i c a t ion B i rthcoat Dept h  (mm) Mean :!: S . E . 

Grade : Grade I l l  

a 
S k i n  : 

We tne s s : 

Pos i t io n :  

A 

B 

c 

D 

E 

F 

G 

H 

J 

1 2 . 3 1 1 . 5  

! 0 . 3 ! 0 . 9 

1 2 . 0  1 1 . 0  

!0 . 4  !0 . 4  

10 . 3  1 2 . 3 

! 0 . 3  !0 . 9  

1 2 . 5 1 1 . 3  

! 0 . 5 :!: 0 . 5 

1 4 . 0  1 2 . 3 

:!:0 . 4  :!:0 . 8  

1 1 . 0  9 .  3 

! 0 . 7 !0 . 8  

1 1 . 5  1 0 . 0  

tO. 3 t O .  4 

1 2 . 8  1 0 . 3 

! 0 . 6 :!: 0 . 5 

1 3 . 8  9 . 8  

:t0. 5 !0 . 9  

1 2 . 5 10 . 0  

:!:0. 5 :!:0 . 7  

a Skin w i t h i n  grade 

1 1 . 5  9 . 0  

! 0 . 3 ! 0 . 6 

1 1 . 5  1 0 . 0  

:tO . 3 !0 . 0  

1 1 .  5 8 . 8  

! 0 . 3 !0 . 5  

1 2 . 0  8 . 8  

!0 . 0  ! 0 . 3 

1 1 .  5 8 . 0  

! 0 . 3 :!:0 . 4  

1 2 . 0  8. 5 

! 0 . 4  :!:0. 3 

1 1 . 5  7 .  5 

:!:0 . 3  :!:0. 3 

1 1 . 0  7 .  3 

! 0 . 0  :!:0. 5 

1 1 . 3  7 . 3  

! 0 . 5 :!:0 . 3  

1 2 . 3 6 . 5 

! 0 . 3 :!: 0 . 3 

We t QEy We t 

20 . 5  1 5 . 8  

! 0 . 7 :!: 0 . 6 

1 8 . 5 1 5 . 0  

:t l .  2 :!:0. 4 

1 3 . 3  1 4 . 8  

! 0 . 6 !0 . 3  

1 5 . 3 1 4 . 3 

! 0 . 3 :!: 0 . 3 

1 5 . 8  1 3 . 8  

:tO . 5 :!: l .  1 

1 6 . 0  1 6 . 0  

:!:0 . 0  ! 0 . 4 

1 4 . 0  1 3 . 0  

:!: 1 . 1  ! 0 . 4 

1 0 . 3 1 1 . 8  

:!:0 . 8  ! 0 . 5 

1 1 . 5  9 . 0  

:t l . O  ! 1 . 1  

9 . 5  9 . 0  

:!: 0 . 3 :!: 1 . 4  

1 6 . 0  1 4 . 5 

! 0 . 7 ! 0 . 3 

1 8 . 0 1 5 . 0  

:!: 0 . 4 !0 . 0  

1 5 . 3  1 2 . 8  

:t0 . 6  :t 0 . 6 

1 3 . 0  1 2 . 0  

! 0 . 9  ! 0 . 4 

1 4 . 3 1 4 . 3 

:tO . 3 :t O .  9 

1 6 . 0  1 4 . 8 

:t l . 1  !0 . 6  

1 2 . 8  1 2 . 0 

:tO . b  :t0 . 4  

1 1 . 8  1 0 . 8 

! 0 . 6 ! 0 . 3 

1 2 . 8 1 0 . 8 

:tO . 5 :t O .  3 

1 3 . 0  1 0 . 3 

! 1 . 2  :!:0 . 9  

Grade V I I  

2 9 . 5  2 1 . 0  

! 0 . 7  :t2 . 0  

2 8 . 0  2 2 . 3  

!0 . 7  ! 0 . 9 

30 . 0  2 4 . 3 

!0 . 6  ! 0 . 8  

2 7 . 0  2 3 . 8  

:!: 0 .  7 !0 . 3  

34 . 5  20 . 0  

:t l .  2 :tO . 4 

30 . 0  1 9 . 0  

:!:0 . 4  :!:0 . 4  

2 8 . 0  2 5 . 0  

:!: 1 . 1 :t l . 5  

3 6 . 0 2 1 . 3  

2 3 . 3  1 6 . 0  

:tO . 8 :t l .  5 

1 9 . 3  1 7 . 0  

:!:0 . 5 ! l .  5 

1 9 . 3  1 8 . 3 

:tO . 3 ! 1 .  4 

2 1 . 5  1 7 . 0  

tO . 3 t l .  4 

2 1 . 8  1 6 . 8 

:t O .  3 :!:1 .  2 

2 1 . 5  1 7 . 5  

:tO . 7 :t 1 .  3 

2 1 . 0  1 5 . 8  

! 0 . 7 :!:0 . 6  

2 4 . 0  1 8 . 3 

:t 1 .  7 :t 1 .  8 :tO.  7 :t 1 .  3 

3 0 . 8  2 4 . 0  22 . 8  1 5 . 5 

! 0 . 9 :t l . 3  ! 1 . 2  :tO . 7 

2 4 . 5  1 9 . 3  

:t O .  7 ! l .  1 

2 2 . 3  1 8 . 8  

tO . S  :t 0 . 8 

. . . . .  I cant inued 
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Class ification 

Grade Skin wi thin grade 

Skin 1 
Grade I l l  

Skin 2 

Skin 1 
Grade V 

Skin 2 

Skin 1 
Grade V I I  

Skin 2 

All Grades and Skins 

Pos ition 
A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

All 
pos i t ions 

Grade I l l  

1 1 . 1  ± 0 . 4 
( 16 )  

1 1 . 1  ± 0 . 2  
( 1 6 )  

10 . 8  ± 0 . 4  
( 1 6 )  

1 1 . 1  ± 0 . 4  
( 1 6 )  

1 1 . 4  ± 0 . 6  
( 16 )  

10 . 2  ± 0 . 4 
( 1 6 )  

10 . 1  ± 0 . 4  
( 1 6 )  

10 . 3  ± 0 . 6  
( 16 )  

10 . 5 ± 0 . 7  
( 16 )  

10 . 3  ± 0 . 7  
( 16 )  

10 . 7  ± 0 .  2 
( 160)  

6 1  

Bir thcoat Depth (mm) Mean ± S . E .  

We tness 

D ry 

1 2 . 3  ± 0 . 2  
( 40 )  

1 1 . 6  ± 0 . 1  
( 40 )  

1 4 . 5  ± 0 . 6  
( 40 )  

1 4 . 3  ± 0 . 4 
(40)  

29 . 8  ± 0 . 6  
(40)  

2 1 . 7  ± 0 . 3  
(40)  

1 7 . 4  ± 0 . 4 
( 240)  

We t 

10 . 8  ± 0 .  2 
(40)  

8 . 2  ± 0 . 2  
(40)  

1 3 . 2  ± 0 . 4  
(40)  

1 2 . 7  ± 0 . 3  
(40) 

22 . 0  ± 0 . 5  
(40)  

1 7 . 1  ± 0 . 4 
(40)  

1 4 . 0  ± 0 . 3 
( 240) 

Birthcoat grade 
Grade V Grade VII  

1 6 . 7  ± 0 . 6  
( 1 6 )  

1 6 . 6  ± 0 . 5 
( 1 6 )  

1 4 . 0  ± 0 . 4 
( 1 6 )  

1 3 . 6  ± 0 . 4 
( 16 )  

1 4 . 5  ± 0 . 4 
( 16 )  

1 5 . 7  ± 0 . 3  
( 1 6 )  

1 2 . 9  ± 0 . 4  
( 16 )  

1 1 . 1 ± 0 . 3 
( 16 )  

1 1 . 0 ± 0 . 5  
( 16 )  

10 . 4  ± 0 . 6 
( 16 )  

1 3 . 7  ± 0 . 2  
( 160)  

2 2 . 4  ± 1 . 4 
( 1 6 )  

2 1 . 6  ± 1 . 1  
( 16 )  

2 2 . 9  ± 1 . 3  
( 1 6 )  

2 2 . 3  ± 1 . 0 
( 16 )  

2 3 . 3  ± 1 . 8  
( 16 )  

2 2 . 0  ± 1 . 3  
( 1 6 )  

2 2 . 4  ± 1 . 3  
( 16 )  

24 . 9  ± 1 .  9 
( 1 6 )  

2 3 . 3  ± 1 . 5  
( 16 )  

2 1 . 2  ± 0 . 7  
( 1 6 )  

2 2 . 6  ± 0 . 4 
( 1 60)  

• • . • .  / continued 

D ry and We t 

1 1 . 5  ± 0 . 2  
( 80 )  

9 . 9 ± 0 . 2  
( 80)  

1 3 . 8  ± 0 . 4 
( 80 )  

1 3 . 5  ± 0 . 3  
( 80 )  

25 . 9  ± 0 . 6 
( 80 )  

1 9 . 4  ± 0 . 3  
( 80 )  

All Grades 

1 6 . 7  ± 0 . 9 
(48)  

1 6 . 5  ± 0 . 8 
( 48)  

1 5 . 9  ± 0 . 9 
(48)  

1 5 . 7  ± 0 . 8 
(48)  

1 6 . 4  ± 1 . 0 
(48 )  

· 1 6 . 0  ± 0 . 8 
(48 )  

1 5 . 2  ± 0 . 9  
(48 )  

1 5 . 4  ± 1 . 2  
(48 )  

1 4 . 9  ± 1 . 0 
(48 )  

1 4 . 0  ± 0 . 8 
(48)  



TABLE 5 ,  continued 

Analys is of Variance 

Source of Variation d . f .  Mean Square F 

Grade 
Pos i t io n  
We tne s s  

2 6 1 75 . 19 9 . 6 1
a * 

0 . 9 3b 9 32 . 79 NS 
1 1 36 3 . 50 c ** 2 2 . 5 7

d 
3 607 . 79 10 . 4 5  * Skin within Grade ( Skin : Grade) 

Grade x Pos ition 
Grade x We tness 
Pos i t ion x We tness 

18  35 . 9 1  1 . 9 1e * 
4 . 34

f 

Grade x Pos ition x We tness 
Pos i t ion x Skin : Grade 
Wetness  x Skin : Grade 
Pos i t ion x We tness x Ski n :  

Grade 

Error 

2 
9 

18  
27  

3 

2 7  

360 

254 . 35 
1 2 . 5 8  
1 2 . 20 
10 . 76 
48 . 19 

8 . 00 

2 . 3 1 

t 
1 . 0 3  NS 
1 . 5 3  NS 
1 .  35 NS 
6 . 0 3  * *  

3 . 4 7  * * *  

No te : F - ratios and degrees o f  freedom by me thod of S a t te r thwaite 
( 1946 ) ; 

a .  F = 6 185 . 95 /643 . 70 = 9 . 6 1 ;  d . f .  = 2 . 0 ,  3 . 4 

b .  

c .  

d .  

F 

F 

F 

44 . 9 9 /48 . 49 = 0 . 9 3 ; d . f .  = 1 5 . 8 ,  26 . 4  

1 3 7 1 . 50 /60 . 7 7  = 22 . 5 7 ;  d . f .  = 1 . 0 ,  4 . 7  

6 15 . 78/5 8 . 96 = 1 0 . 4 5 ; d . f .  = 3 . 1 ,  4 . 5  

e .  F 

f .  F 

4 3 . 9 1 / 22 . 96 = 1 . 9 1 ;  

262 . 35 / 60 . 39 = 4 . 34 ;  

d . f .  = 26 . 1 ,  4 2 . 0 

d . f .  = 2 . 1 ,  4 . 7  

Quadratic Components 

Source of  Control 

Bir thcoat Grade 
Pos i t ion 
We tness 
Skins within Grade (Skin : Grade) 
Grade x Pos i tion Interact ion 
Grade x We tness Interac tion 
We tness x Skin : Grade I nterac t ion 
We tness x Pos i tion x Skin : Grade 

Interac tion 
Error 

% Control o f  Variation in 
Bir thcoat Depth 

60 . 68 
0 . 00 (-0 . 1 1 % )  
9 . 6 1  

1 2 . 27 
3 . 05 
4 . 52  
1 .  75  

1 . 96  
6 . 15 

99 . 99 

6 2  
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response to wetting among the various grades , skins and pos i t ions . 

However , these interactions contributed lit tle to the total variation 

in coat depth ( "Quadratic Components " ,  Tab le 5 ) , over 80% o f  the 

variation being associa ted with the effec ts o f  coat grade , we tness 

and skins within grades . Moreover a good degree of  repeatability 

in measurements at  a p ar ticular s ite is indicated by the high 

( r  = 0 . 94 )  intra-class  correlation of  the repeated es timates . 

The criteria for  choos ing the s i tes at  which b irthcoat dep th 

would be measured in s ubsequent experiments were that ; 

( i )  over all b i r thcoats (lamb skins ) , measured dep th (we t 

and dry)  at the chosen position in e ach coat should b e  

highly correlated with the correspond ing mean b ir thcoat 

dep th , and 

( ii) the pos i t ion should be eas ily located in the l ive lamb . 

The correlations b e tween measured dep th and mean dep th o f  the 

coat at  each pos i t ion are presented in Table 6 .  For only 3 pos i tions 

(C , D ,  G) was the correlation greater than 0 . 90 although all corre­

lations were highly s ignif icant (P  < . 00 1 ) . Pos ition C was d is ­

carded because i t  was cons idered like ly that location o f  this s i te ,  

and measurement o f  b ir thcoat  dep th at i t ,  would present s ome 

d i f ficulties to an operator working alone wi th a res trained lamb . 

Thus , in subsequent experiments , birthco a t  depth was measured to 

1 mm over the hipbone and on the mids ide over the las t r ib . However , 

in view of  the non-s igni ficance of  the d i f f erences between pos i t ions , 

and the negligible contribution of  "pos i t ion" to variation in  b i r th­

coat dep th (Table 5 ) , it is likely that  li t tle accuracy would have 

b een los t had any o f  the o ther pos it ions been chosen .  
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TABLE 6 :  CORRELATIONS BETWEEN MEASURED BIRTHCOAT DEPTH AND MEAN SKIN 
BIRTHCOAT DEPTH AT EACH OF TEN POSITIONS ON THE SKIN 

Position Code and Site  
Correlation Be tween Measured Depth 

and Mean Birthcoat Depth a 

A .  

B .  

c .  

D .  

E .  

F .  

G .  

H .  

I .  

J .  

a 

b 

(Base o f  the tail over the 
spine) 

(Over spine , in l ine with 
hipbones)  

(Over sp ine , posterior to  
shoulder blade s )  

(Over hipbone )  b 

(On the neck , below and behind 
ear) 

(On the rump , in line with 
pos itions G ,  H) 

(Mids ide , over the las t rib)  b 

(Mids ide , over the s ixth rib)  

(Hind leg , immediately above 
"knee" j oint) 

(Above and beh ind axilla o f  
f ront leg) 

0 . 8 2  *** 

0 . 88 *** 

0 . 9 5 *** 

0 . 94 *** 

0 . 84 *** 

0 .  85 *** 

0 . 94 *** 

0 . 87 *** 

0 . 90 *** 

0 . 85 *** 

Correlation o f  measured b i r thcoat dep th at a given pos i t ion wi th 
over all mean dep th o f  the birthcoat (skin) ; calculated over all 
grades , skins within grades , levels of we tness and rep licates ; 
48 observations per correlation . 

Pos i t ions whi ch were finally chosen . 
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I n  the l ive lamb i t  was found tha t the meas urement o f  b ir th coat 

dep th was compl icated by movement o f  the lamb , p articularly by 

respiratory movements at  the mids ide pos i t ion . To compensate for 

this a small area of  skin was close-clipped alongs ide each measuring 

pos i t ion to help ensure that  the calipers were placed f i rmly on the 

skin surface but did no t press into the skin . 

(b)  Wool  we igh t  per  uni t area o f  skin 

The we ight of  wool  per unit area of skin was measured by clipping 

the wool  from a measured area of skin on the mids ide , immediately 

anterior to the las t rib . Because insufficient lamb skins were 

availab le for a detailed analy s is of variation in this trai t ( as was 

performed for b irthcoat dep th) , the s i te of measurement was chosen on 

the bas is that  i t  was easy to locate and was adj acent to one s ite at 

which coat  dep th was to b e  measured . I t  is  also a s i te commonly 

used for fleece-sampling in mature sheep . 

The area o f  skin clipped was a s tandard 4 cm wide and its  length 

( generally 4 to 5 cm) was measured to 0 . 1  cm wi th the modi fied dial 

calipers after the skin had been s t re tched j us t  sufficiently to 

remove any wrinkles . The wool was clipped to 1 mm o f  the skin 

sur f ace . 

The mids ide wool s amples were s tored in numbered s crew-capped 

bottles and , at the completion of the trial , were allowed to come to 

equilibrium with a controlled environment of 6 8 %  relative humidi ty 

( i . e . regained) over a per iod o f  3 days . They were then weighed to 

10 mg and the weights expressed as mg ( greasy) wool  per cm
2 

skin 

surface . 



(c) To tal we ight o f  the b i r thcoat 

The to t al weight o f  the birthcoat was measured in a few lambs 

by clipping the coat to 1 mm of the skin surface . The wool was 

s tored in numbered nylon gauze bags and regained at 68% relative 
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humidity f o r  3 days b efore be ing weighed to 0 . 1  g .  Birthcoa t  weight 

was then expressed as g ( greasy) b i r th coat wool  per kg p re-clipping 

bodyweigh t .  

(d )  We ight o f  bir thcoat on the limbs 

The weigh t o f  the birthcoat on the limbs was meas ured by clipping 

the woo l ,  again to 1 mm o f  the skin , from one each of the fore- and 

hind-limb s . On the fore-limb s , the wool  was clipped below the 

level o f  the olecranon process wh ile on the hind-limbs it was clipped 

to the level of the femuro-tibial j unct ion . After clipping , the 

wool was s tored in numbered nylon gauze bags and regained at 68% RH 

for 3 days b efore being weighed to 0 . 1  g .  The weight o f  regained 

wool was then doubled before b eing expressed as g limb wool per  kg 

pre-clipping bodyweight . 

4 .  Lamb age and we ight 

A brief  discussion of  the measurement of  the lamb ' s weigh t and 

the calculation o f  its age is warranted because of the po tential 

errors involved . For lambs born be tween 7 a .m .  and midnigh t , age 

at tes t could be calculated with conf idence to within 1 5  minutes . 

However ,  if  the lamb had b een born during the night ( and this applied 

to about 40% of  the lambs ) its t ime of b ir th could be  e s t imated only 

to the neares t  hour , and an error of the same magnitude was inherent 

in the calculation of  age at  tes t .  
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Because maximum accuracy in the es timation o f  age was des irab le ,  

particularly for lambs tes t ed in the f irs t few hours of lif e ,  the age 

calculation was performed as if the time of birth was known exac tly 

( i . e .  age was "calculated" to the neares t 0 . 25 hours ) for all lambs . 

I t  should therefore b e  no ted that  the true error was somewhat larger 

for a propor t ion of  the lambs and that the s ize of this error was con­

founded with the time o f  b i r th .  

Prior to each tes t the lamb was weighed to 0 . 0 2  kg on a set  o f  

pan scales ( Salter,  Model 2 36) . No allowance was made for e rrors in 

the measurement of  weigh t d ue to gut-fill or mois t ure content of  the 

birthcoat . In lambs which wer e  permit ted to suckle be fore be ing 

tes ted every effort was made to ensure that succes sful suckling was 

es tablished ,  so that e rrors in we igh t  were due only to the amount o f  

milk inge s ted . 

dependent . 

I t  is the refore likely tha t  these errors were age-

Alexander ( 19 5 6 )  es t imated tha t ,  in Merino lambs whose to tal (we t) 

b irthweights were 3 to 4 kg , dry ing o f  the b ir thcoat resulted in an 

average weight reduc t ion of 260 g (or  6 to 9 %  o f  to tal bir thweigh t) . 

In the p resent s tudy no account was taken o f  this error , al though 

lambs which were to b e  t es ted when we t were generally weighed before 

they were we tted wi th t ap water . Thus , while the b ir thcoats o f  the 

Romney and Drysdale-cros s  lambs used in this s tudy may have had a 

greater water-holding c apaci ty than thos e  o f  Alexander ' s  Merinos , 

measured bodyweights were unlikely to have overes timated dry body­

weights by more than 10% . 
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Measurements In Older Lambs and Hogge ts 

1 .  Face cover grade 

In some experiments lambs surviving to 3 months of age were 

face-graded at this age with a view to re trospec tively s tudying the 

relationship between face grade and resis tance to cold-s tress . The 

grading sys tem was based on the dis t r ibution o f  vis ible wool  growth 

on the face and around the eyes , and was s imilar to the sys tem des­

cribed by Cockrem and Rae ( 19 6 6 ) . 

Init i ally each lamb was ass igned to one o f  4 grades ( 1 ,  1+,  2 ,  

2+) where lower grades deno te an increas ing area o f  wool growth on 

the face . However it  was no t poss ib le to f i t  all these grades in the 

s tatis t ical models being used to describe the experiments and so the 

grades were subsequently comb ined into two groups thus ; 

Group 

Woolly faced 

Open f aced 

Grades 

1 ,  1+ 

2 ,  2+ 

2 .  Charac teris t ics o f  the hogge t fleece 

In an attemp t to relate charac teris tics of  the birthcoat to 

those of the hogge t fleece , lambs from one experiment whi ch survived 

to 1 2  months of age were shorn and a number  of their fleece charac ter-

is t ics were measured . The charac teris tics o f  interes t and their 

me thod of  measurement  were as  follows : 

(a )  Greasy fleeceweigh t  

Greasy f leeceweight  was measured b y  weighing the f leece to 

0 . 0 1  kg immediately o ff the shears and p r ior to skir t ing of the 

fleece . 



(b)  S taple length and c rimp f requency 

The length o f  a staple drawn f rom the midside wool sample was 

measured to 0 . 5  cm . The number of  c rimps in this s taple was then 
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counted and the crimp frequency expressed as number of  crimps per  cm 

of staple length . 

( c) Mean f ibre diame ter  

The mean f ib re diame ter o f  the wool  was es t imated us ing the air­

flow technique (Ross , 1958 )  on rep licated s amp les of 2g of clean s coured 

wool from the midside sample . 

microns . 

Fib r e  d iame ter was measured to 0 . 1  

(d) S tandard deviation o f  f ibre diame ter and propo r tion o f  

medullated f ibres 

The diame ter of  1 5 0  fib res from the s co ured and regained mids ide 

wool  sample  was measured by the proj e c t ion micros cope technique . 

Snippets f rom the f ib res were mounted on a glass slide in p araf f in 

oil and the number o f  medullated f ib re s  was counted at the s ame 

time . The s t andard deviation o f  f ibre  diame ter in the s ampl e  was 

calculated f rom the 150  measured diame ters , and the number  o f  

medullated f ib res expressed as a p roportion o f  the to tal counted . 

(e )  Colour 

The colour o f  the scoured mids ide sample was assessed by ass ign­

ing to i t  a s ubj ective colour grade ( range 1 to 9 )  where a h igh grade 

deno tes good colour . 

3 .  Pos t-shearing hogge t  bodyweight 

Immediately af ter hogget shearing the ewe and ram hogge ts were 

weighed to 0 . 5 kg . 
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General Experimental P rocedure 

Each lamb was separated from its dam 10 to 20 minutes before i t  

was t o  be  tes ted , and i ts age and we ight were recorded . The lamb 

was then p laced on its s ide in a specially des igned res training crate 

which held i t  firmly but allowed the operator free access to the 

mids ide and hip areas . The mids ide wool s ample was removed , the 

lower hind l imb clipped ( in preparation for f ixing the skin thermo­

couple) and birthcoat dep th measured over the mids ide and hipbone 

areas . Where lambs were to be tes t ed we t ,  they were immersed in 

warm water and then allowed to s tand for 5 minutes before b i r thcoat 

dep ths were measured . 

Measurements o f  hind-limb skin temperature , mids ide wool weight 

and coat dep th were always made on the s ide of the lamb which would 

be presented to an observer s tanding outs ide the climate chamber 

( i . e .  on the righ t  s ide of the lamb if i t  was to be tes ted in the 

lef t  chamber) . The res training c rate was therefore revers ib le s o  

that  e i ther side o f  the lamb could be presented t o  the operator . 

Once clipping and birthcoat measurements had been completed , the 

lamb was given a subcu taneous inj ec tion ( neck region) of 10 mg per 

kg bodywe ight oxytetracycline (Terramycin Q- 100 , Pf izer Labora tories 

L td . ,  Auckland) and i ts umb ilical s tump was sprayed with iodine wound 

disinfectant ( Salsbury Laborator ies , Christchurch) . These were 

precau tionary measures agains t respiratory diseases and navel-ill 

respe c t ively . The lamb was then carried to the re frigerated room 

where it was placed in the climate chamber , the temperature of which 

had p revious ly been set  at the required level . The p las tic  collar 
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o f  the oxygen hood was fas tened around the lamb ' s neck , the s kin and 

(where required) rec tal thermo couples fixed in place , and the lamb 

res trained by the 2 s teel bars . The fans and water line were 

swi tched on where appropr iate and tes ting began . 

Once tes t ing had been comple ted the lamb was removed f rom the 

chamber . If  its  rec tal temp erature had decl ined , i t  was re-warmed 

under an infra-red lamp or f an heater before being re turned to i ts 

dam . 

Me thods o f  Analys is 

1 .  Computer packages 

Analys is o f  the data was carried out on the Massey Univers i ty 

Burrough ' s B6 700 computer using 2 s ta tis tical packages . Mos t  o f  the 

analys is , includ ing the analy s is of variance , covariance , deviance 

(discrete data) and regress ion analys is was performed us ing the 

"GLIM" ( General Linear Interac tive Modelling) package ( Nelder , 1 9 7 5 )  

which utilizes the linear model approach described b y  Nelder and 

Wedderburn ( 19 7 2 ) . A second package ( S tatis tical Package for the 

Social Sciences or "SPSS" )  was used for s imple correlat ion analysis 

and for  the calculation of treatment means and s tandard errors in 

balanced models . 

2 .  Analys is of continuous data 

(a)  Calculation of  sums of  s quares 

The sums of squares attributable to each effect  were calculated 

as the reduc t ion in the GLIM s ums of s quares ( deviance) associated 

with removing the effect f rom the fully f i t ted model , sub j ec t  to 
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the requirements o f  marginali ty in the GLIM package (Nelder , 1 9 7 5 ) . 

If  any main e ffect  or interact ion in a model is a subset o f  ano ther 

term, it is said to be  marginal to that term ( i . e .  main e f fects A, B 

are marginal to the A x B interaction) . In GL IM , terms may no t b e  

deleted from a model containing effects to which they are marginal . 

Thus in the analys is o f  variance for a three-way cross-clas s if ied 

model with interac tion , the appropriate reductions are as follows : 

Main e ffect AEEroEriate reduction for e ffect  sums 
o f  sguares 

A R (A/� , B ,  C )  

B R ( B/ � , A ,  C )  

c R ( C/� , A ,  B )  

Interaction 

A x B ( A . B) R ( A . B /� , A ,  B ,  C ,  A . C ,  B . C) 

A X c ( A . C )  R ( A . C/ � , A ,  B ,  C ,  A . B ,  B . C )  

B X C ( B . C) R ( B . C/ � , A ,  B ,  C ,  A . B ,  A . C )  

A x B x C (A . B . C) R (A . B . C/� , A ,  B ,  C ,  A . B ,  A . C ,  B . C )  

where R ( W/� . X ,  Y ,  Z)  deno tes the reduction from eliminat ing the 

W e ffect from a model containing terms in W, X, Y and Z ,  toge ther 

with the general mean (�) . 

(b)  Analysis o f  variance 

( i) Models fit ted 

Mos t  of the models f i t ted _ were for cross-clas s i f ied 

( factorial) designs with interac tion . These models may be  

general ly described as follows : 
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the general mean 

= the e f fe c t  o f  the i
th 

level o f  trea tment a (and 

s imilarly for b
j

, c
k

) 

the e f fe c t  of  the interact ion between the i
th 

level o f  treatment a and the j
th 

level o f  treat-

ment b ( s imilarly for ac
ik

' b c
jk

) 

the e f fe c t  of  the interac tYon between the i
th 

1 1 f h .
th 1 1 f b eve o treatment a ,  t e J eve o treatment 

th 
and the k level of treatment c 

random error term peculiar to the y
ijkl 

obs e rvation . 

The second type o f  model f i tted in the analysis o f  variance was 

the nes ted model whi ch may be des cribed thus : 

where , � and e
ij kl 

are as des cribed above 

th 
a .  the e ff e ct o f  the i level of treatment a 1 

( s imilarly for b . ) 
J 

th 
the e f fect o f  the k level of  treatment c nes ted 

within the j
th 

level of treatment b 

the e f fect o f  the interaction be tween the i
th 

level o f  treatment a and the j
th 

level of treat-

ment b 

the e f fect o f  the interact ion be tween the i
th 

level of  treatment a and the k
th 

level o f  t reat­

ment c nes ted with in the j
th 

level o f  treatmen t  b .  

These  equations describe , in general , all models which were f i t ted 
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in the analysis of  variance . The part icular main e f fects  

f itted in each model are described in  the  table presenting the 

analys is of variance pertinent to that model .  

( ii) Models i n  which all main effects and interactions are f ixed 

For the models containing only f ixed ef fects , tes t ing 

p rocedures were as des cr ibed by Snedecor and Cochran ( 19 6 7 )  with 

all treatment and interac tion mean squares being tes ted agains t 

the error term . 

( iii )  Mixed models 

A numbe r  of the models which were used included fixed and 

random effects , and s imple tes ting p rocedures did no t exis t for  

some of  the terms in these models . In the case o f  mixed models 

which were b alanced , the method of Satterthwaite ( 1946)  was 

employed for tes ting those terms for  which no denominator mean 

square was directly available . In thi s  method , linear comb in-

ations of two o r  more mean squares are used to p roduce an approx­

imate denominator mean s quare which has the correct expec tation 

for the e ffect  being tes ted . The expectation o f  each mean 

square was derived by the method o f  Henderson ( 19 6 9 ) . 

In unbalanced des igns , the problem was fur ther complicated by the 

fact that the sums of s quares , and hence the mean s quares , 

attrib utab le to the e f fects were no t unique . The tes t ing p ro-

cedure for  these des igns was there fore as follows . All second 

order interactions ( the highes t order interactions f i t ted)  were 

tes ted agains t the error term as for  the balanced case . Firs t-

order interactions were tes ted agai ns t the mean squares of 

s ignificant second-order interac t ions to which they were 

marginal , o r  agains t the error term i f  no such second-order 



interactions exis ted . S imilarly , main e f fects were tes ted 

agains t s ignif icant interactions to which they were marginal , 

o r  agains t the e rror mean square . 

( iv) Single degree of freedom comp ar isons 

In mos t  o f  the experiments described in this s tudy only 
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two-level main e ffects were employed . An important excep t ion 

was the experiment involving 4 levels of  airspeed ( s t ill air and 

3 rates of air movement) des cribed in Chap ter IV . In the analy-

s is of this experiment i t  became apparent that much of the 

difference between the airspeeds was due to differences b e tween 

"still air" and "moving air" rather than between the 3 higher air-

speeds . This hypo thes is was tes ted by s ingle degree o f  freedom 

comparisons as described by S teel and Torrie ( 1960) . 

(v) Presentation o f  the data 

For balanced models , treatment and interact ion cell means 

(and the ir standard errors) were  calculated using the SPSS  

computer p ackage . In the case o f  unb alanced designs , the 

corresponding means and their s tandard errors were  calculated 

by the me thod of f i t t ing cons tants (Yates , 1 9 34 ) . Cell means 

are presented only for those interactions which were s igni f icant 

(P< . O S )  and , unles s  o therwise s tated , the number  of obse rvations 

contributing to e ach mean is indicated ( in parentheses) i n  the 

body of the table . 

In mos t  o f  the analyses , tes ts for  the s ignif icance o f  d i f ferences 

between the componen t  means o f  s ignif icant interactions were made 

us ing the Leas t S ignificant Difference or "LSD" ( Snedecor  and 

Cochran , 1 9 6  7 ) . This tes t was not ,  however , app lied to all 

pos s ib l e  comparisons of cell means , the comp ar isons b eing made 



7 6  

as follows . For the component means o f  an interact ion deno ted 

by A
i 

B
j 

(where i = l . . •  m ,  j = l . . .  n) , comparisons tes ted by the 

LSD were : 

A 1
BJ. vs A

2
B .  vs A

3
B . • . .  A B .  - J - J m ]  

A
i

B l vs A
i

BZ vs A
i

B
3 

. . .  Ai
B

n 

for  all i within each j 

for  all j within each i 

S ince in mos t  experiments only two-level main e f fects were em-

played ( i . e .  m = n = 2)  the usual comp ar isons were A
1

B
1 

vs A
1
B

2
, 

A
2

B
1 

vs A
2

B
2

, A
1
B

1 
vs A

2
B

1 
and A

1
B

2 vs A
2

B
2 (but no t Al B l vs 

A s imilar procedure was adop ted for 

second-order interact ions . Within thes e  cons traints , cell 

means which are presented in the following tables and whi ch do 

no t have common superscrip ts are s igni f icantly dif ferent ( P < . OS )  

by the LSD tes t .  

The leas t s ignif icant d i fference was no t applied to the s ignif i-

cant interactions in the p reliminary experiments concerned with 

the sources o f  variation in climate  chamber environmental 

conditions and in birthcoat dep th ( this  chap ter) . In these 

experiments , all of which were balanced des igns , the control o f  

variation i n  the independent variable b y  the main e ffects  and 

interac t ion terms was o f  pr imary importance . Hence quadratic 

components were calculated to indicate the contribution of  these • 

e f fects to to tal variation in coat  dep th o r  components o f  the 

chamber environment . The calculations involved equating the 

mean squares for these e f fects to  the i r  expectations as derived 

by the me thod of Henderson ( 19 6 9 ) . I t  was assumed that the 

model was based on all the main e f f e c ts in the analys is o f  

variance , b u t  only those interactions which were s ignificant 
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(P< . OS ) . Non-s ignif icant interac t ions were included in the 

error term . 

( c) Regress ion analys is 

Where app ropriate , overall regres s ion coef f icients ( calculated 

across all main e f fects)  were derived us ing the GL IM package and have 

been presented as the regress ion coe ff ic ient toge ther with i ts 

s tandard error ( i . e .  b ± s
b

) .  The hypo thes is tha t the regress ion 

coef ficient had zero s lope was tes ted us ing the two- tailed t- tes t 

( t
n-Z = b /s

b
, where n observations cont r ibute to the regress ion) . 

The absolute value o f  t is presented in each case , together with the 

level of s ignif i cance . 

A spec ial case in the analys is o f  regress ion involved the relation-

ship between the lamb ' s heat produc tion and i ts bodyweigh t .  S ince 

heat production was expressed on a per  unit bodyweight bas is , s imple 

regress ion was no t appropriate becaus e the errors in the dependent and 

independent variables would haye been correlated . In this case , 

there fore , the regres s ion was calculated on a double-logarithm b as is 

relating the lamb ' s to tal heat p rodu c t ion (a variable measured direc tly 

and from which heat p roduction per uni t  bodyweight was calculated) to 

an exponent o f  bodyweight . Thus : 

log 
e 

where 

THP a WT
B 

THP = log a + S log WT 
e e 

THP to tal heat production ( in Watts )  

WT bodyweigh t  ( in kilograms ) 

e = the base o f  natural logari thms 

a ,B the regress ion i ntercep t and coef fi c ient respec-

t ively. 

The doub le-logarithm regress io n  then p roceeds as previously 



described wi th the null hypothes is being H 0 

( d) Analysis o f  covariance 

( i )  Model f i t ted 

7 8  

o .  

The model for the analysis o f  covariance may be  generally 

described as follows : t bCj� 
Yij kl = � + ai 

+ b
j 

+ � + ab
ij  

+ ac
ik

�+ abcijk 
+ S (X

i j kl-X) +  e
ijkl 

where , S the regress ion coef f i c ient o f  Y on X 

the observed value o f  the covariate 

the p opulation mean value of the covariate 

and where all o ther te rms in the model are as des cribed previous ly 

for the analys is o f  variance . 

( ii) Hypo theses tes ted 

The analysis o f  covariance was f i t ted according to the 

method o f  Searle ( 19 7 1 )  with two hypotheses being tes ted ( fo r  

an example of the presentation o f  the analys is o f  covariance , 

refer to Table 1 1 ) . The F-ratio for the term "Pooled wi thin-

clas s "  regress ion tes ts the hyp o thesis that this regress ion eo-

e f ficient has zero slope , while the F-ratio for the "Di f ference" 

term tes ts whe ther the par t icular intra-class regress ion eo-

e f f ic ients have equal slope . I n  both respects the terminology 

used is identical to that o f  Searle ( 19 7 1 ) . 

For each analys is of  covariance model s t udied , all p os s ib le intra-

clas s  regress ions were f i t ted and the hypo thes is of equali ty o f  

the regress ion coef ficients was tes ted in each cas e . However 

these analyses have generally been presented only where he tero-

gene i ty of  the intra-clas s regression coefficients was detected . 

In certain o ther cases , where all the intra-class  regres s ion 
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coe f f icients were homogeneous , b u t  where it was des irab le t o  

ind icate the s ignif icance o f  the pooled within-class regress ion 

coef ficient , the analyses p resented incorporate the intra- class  

regress ions for which the "Di fference "  mean square was greates t .  

When heterogenei ty o f  the intra-class regress ion coe f f icients 

was apparent , the hypo thesis o f  zero s lope in each regress ion 

coe f ficient was examined us ing the t- tes t as des cribed previous ly . 

(e )  Correlation analys is 

S imple correlation coef f ic ients were calculated us ing the SPSS  

computer programme and are presented as  the value of  the correlation 

(r) toge ther with the tes t of zero correlation in the population . 

Where approp riate , intra-class correlations were calculated as 

described by Snedecor and Cochran ( 1 967 ) . 

3 .  Analys is of  discre te data 

The analys is of discre te data (which p r imarily involved the p ro­

portion o f  lambs attaining summi t metabolism) was accomp l ished using 

the GLIM legit trans format ion ( Nelder , 1 9 7 5 ) . Th is trans format ion 

has the advantage that it  p rovides valid tes ts of s i gnif icance where 

the data are dis tributed in a b inomial manner , including s ituations 

in whi ch the treatment propo r tions app roach the limits o f  the b inomial 

range ( i . e . 0% or  100% succes s ) . Chi square-dis t r ibuted deviances 

were calculated f rom the reductions in the GLIM deviances as 

des cribed for the analysis o f  variance . 

appropriate analysis of  deviance tables . 

These are presented in the 

Legi t-trans formed means and their s tandard errors were again 

calculated by the method of f i t t ing cons tants (Yates , 1 9 34 )  sub j ec t  
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to the assump t ion of unitary variance in the logit trans forma t ion . 

From these means the re-trans formed percentage "successes " were cal-

culated by the formula :  

p 
y 

e 
(Ne lder , 1 9 7 5 )  

where , P = probab ility o f  "success "  (expressed as % )  

Y = logit-trans formed class mean 

e base o f  natural logarithms 

The relationship be tween the proportion o f  lambs at taining summit 

me tabolism and other char acter i s t ics o f  the lamb was examined by 

regress ion analys is on the logit  s cale . Only the overall regress ions 

were f i t ted and the results are presented in terms of  the regress ion 

coe f fi c ient and intercep t on the trans formed scale . S ince the 

regress ion equation is of the form Y = a + bX it follows f rom the 

above that the propor t ion o f  lambs expec ted to at tain s ummit metabol ism 

at  a given value (X) of  the independent variate may be calculated as : 

p 
a +  bX 

e 

1 + e
a + bX 

4 .  Mis cellaneous variab les 

( a )  Relative humid i ty 

bX 
e 

e
-a + e

bX 

Relative humidity data were calculated as decimals f rom the 

temperature readings on the Mason ' s  we t/dry bulb hygrome ters . The 

data were no t ,  however ,  sub j e c ted to any trans forma t ion prior to 

analys is s ince an examination o f  the data sugges ted that they were 

app roximately normally dis t ributed . This was confirmed by comparing 

the F-ratios f rom analys is on the non-trans formed and Arcs in- trans-
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formed ( Snedecor and Cochran , 1 9 6 7 )  data . Trans formation exerted 

little e f fe c t  on the F-ratios and no e f fect  on the conclus ions drawn 

from the analyses o f  variance . 

(b)  Thermal circulation index 

The the rmal circulation index was calculated as : 

TCI = ( Burton and Edholm , 1 9 5 5 )  

where T
A 

ambient temperature 

rectal temperature 

hind-limb skin temperature 

Since the thermal c irculation index was used only as a guide to 

the interpretation of skin temperature changes , no analysis  was per-

formed on these data and the TCI values are presented as arithme t ic 

means and s tandard errors for the appropriate t reatment groups . 

( c )  S tandard deviation of  f ib re d iameter 

The s tandard deviation of  f ibre diame ter in the hogge t wool  

samples was treated as  being a normally-distributed random variable . 

(d)  Proportion o f  medullated f ibres 

The proportion (%) of  medullated f ib res in the hogge t woo l  was 

analysed in the same manner as re lative humidi ty .  Trans forma tion o f  

the data (by Arcs in) did no t influence the conclusions drawn f rom the 

analyses . Consequently the analyses presented are based on the 

un-trans formed data . 

( e )  Hogget wool  colour 

The colour o f  the s coured midside wool s amples was s ub j e c t ively 

assessed on a s cale o f  1 to 9 .  This grading sys tem was devised in 



such a way tha t  the colour grades f rom a population o f  sheep are 

exp e c ted to be approximately normally dis tr ibuted (Wickham , pe rs . 

8 2  

comm . ) . The colour grade was there fore treated as a random normal 

vari able  and was no t trans formed p rior to analys is . 

5 .  Levels of  s tatis tical s ignificance 

Throughou t  the text , the following symbols have been used to 

indicate various levels o f  s ignificance : 

Level of  s ignif icance Symbol  

p < . 00 1  * * *  

. 00 1  < p < . 0 1  * *  

. 0 1  < p < .os  * 

. 05 < p < . 10 t 

. 10 < p NS . 
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CHAPTER I l l  

SUMMIT METABOLISM IN  YOUNG ROMNEY LAMBS 

Introduc tion 

For reasons which have previously been dis cussed , the me tabolic 

rate of the lamb was cons idered to be the mos t appropriate index of 

cold-s tress for use in this s tudy . However , the use o f  this index 

imposes cons traints on the environments in which lambs may be tes ted , 

and i n  particular requires that the lambs should not attain summi t  

me tabolism ( s o  that heat p roduct ion remains a useful indicator of  

heat loss ) . Al though summi t metabolic  rates have been measured in 

lambs of a numbe r  of breeds in Aus t ral ia (Alexander , 1 9 6 2b ;  Alexander 

and Bell , 1 9 75a)  no such measurements have been undertaken with New 

Zealand Romney lambs . 

This chap ter describes an introductory s tudy in whi ch the summit 

metabolism o f  y oung Romney lambs was es t imated , both for  the purpose 

o f  comparison with estimates obtained from o ther breeds and as an 

aid to the selec t ion o f  app ropriate environmental cond i tions for 

tes t ing lambs in subsequent experiments . The e ffects o f  bodyweight 

and age on summit me tabolism were also examined . 

Exper imental Des ign and Me thods 

S ixteen s traigh tb red Romney lambs (8 of each sex) were selected 

at random from a larger group for the determination o f  summit 

me t abolism . All had suckled prior to being tes ted and in mos t  cases 

their b irthcoats  had been partially or completely removed by clipping 

to facilitate heat loss . Many had been exposed to mildly cold 
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cond i tions during the previous three-hour period but , when the 

de termina t ion of summit metabol ism commenced , all had rec tal temper­

atures in excess of 38 . 5°C .  

0 The lambs were tes ted while we t at an air temperature o f  2 C 

( the lowes t air temperature that could be  achieved wi th the temper-

ature control equipment) . Measurement of hea t production and o f  

rec tal temperature (by thermocouple) commenced as soon as the lamb 

was s e t t led in the climate chamber . The airspeed was then gradually 

increased unt il the lamb ' s rec tal temperature began to fall by 

0 . 5  to 1 . 5°C over intervals of approximately 20 minutes . Heat  

production initially increased wi th airspeed but  eventually s tabilized 

prior to the onset  of  hypo thermia and showed little change thereaf ter . 

Summit me tabolism was measured as the mean rate of  heat p roduct ion 

(per kg bodyweight)  during the 1 5  to 20 minute period immed iately 

a f te r  s tability of  me tabolic rate was achieved . 

Results and Dis cus s ion 

1 .  Level o f  summit  me tabol ism 

The mean (± S . E . ) summit me tabolism of the 16 Romney lambs was 

1 8 . 0 3  ± 0 . 6 3 Wat ts per kilogram of bodyweigh t . This es timate  is 

- 1  
1 . 5 to 4 . 0 W kg lower than those derived in a s imilar manner from 

lambs of a number of breeds in Aus tralia (Alexander ,  1 9 6 2b ; 

Alexander and Bell , 19 75a) . Within all the breeds , however , there 

exis ts a cons iderable variation in ab ility to produce body heat . 

Among the Romney lambs , summi t me tabolism ranged f rom 1 1 . 95 to 

- 1 
2 1 . 85 W kg , a degree o f  variation whi ch might  be  expected to have 

a cons iderable impact upon s urvival in the f ield . I t  may also 
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vindicate the use of metabolic rate , rathe r  than rate of decline in 

deep body temperature , as the index of  cold-s tress when s tudy ing 

individual lambs . Among the 5 b reeds and crosses examined by 

Alexande r  and Bell ( 19 75a) , summi t me tabo lism ranged f rom 1 4 . 0  to 

- 1  30 . 2  w kg 

Al though summit me tabol ism was no t measured in any unfe d  newborn 

Romney lamb s , Alexander ( 19 6 2b )  has repor ted that the e s t imates o f  

summit me tabol ism obtained f rom unfed lambs less than 6 hours old 

differed l i ttle f rom estimates obtained when the same lambs were 

18 to 28 hours old and had suckled . I t  therefore s eems likely tha t  

the summi t metabolic rates o f  unfed newborn Romney lambs would b e  

similar t o  thos e  o f  the older fed lambs s tudied here . 

2 .  E f f e c t  o f  age 

The overall regress ion coe f f icient o f  summi t metabol ism on age 

at tes t was b = 0 . 0 1  ± 0 . 0 9  W kg
- 1  

hr
- l 

which was no t s igni f icantly 

diff e rent from zero ( t
14  

= 0 . 1 2 ,  NS . ) . Thus over the range o f  ages 

s tudied ( 6  to 36 hours) summit me tabolism was independent of age , a 

result which is cons is tent with Alexander ' s  ( 19 6 2b)  data f rom lambs 

less than 2 days old . However ,  in the longer term , summit metabol ism 

may t end to decline with advancing age (Alexander ,  Bell and Williams , 

1 9 7 0 )  • 

3 .  E f fect  o f  bodyweight 

The relationship be tween summit metabolism and bodyweigh t  was 

examined by regress ion analys is on a double logari thm s cale as 

des c r ibed in Chap ter II ( see "Me thods o f  Analysis " ) . Thus : 



log THP 
e 

whe re TRP 

log a + 8 log WT 
e e 

8 6  

total heat p roduc tion ( in Watts ) 

- 1  
= summit me tabolic  rate ( W  kg ) x bodywe ight ( kg) 

and where all other terms are as p reviously def ined . 

The overall regress ion coef f i c ient o f  log THP on log WT was 
e e 

b = 0 . 9 1  ± 0 . 2 1 whi ch was highly s ignif icant ( t 14  = 4 . 4 2 ,  P < . 00 1 ) . 

Thus "To tal Heat P roduction" was p roport ional to bodyweight raised 

to the power 0 . 9 1  which sugges ts that summi t metabolism ( per kg body-

we igh t )  declined s lightly with increas ing we ight . Howeve r ,  the 

exponent was not s ignificantly different f rom a value o f  uni ty so 

tha� over the range o f  bodyweights  s tudied o . 3  to 7 . 2  kg) , these 

resul ts are generally compatible with the hypo thes is of Alexander 

( 19 6 2b )  that summit metabol ism (per unit bodyweight) is independent 

of the lamb ' s weigh t . 

Chapter Summary 

S ummit metabolic  rate was measured in 1 6  suckled New Zealand 

Romney lambs which were 6 to 36  hours old . Mean summi t  me tabol ism 

was 1 8 . 0 3  ± 0 . 6 3  Watts per kilogram o f  bodyweight whi ch is 1 . 5 to 

- 1  
4 . 0 W kg lower than the es timates derived f rom a number o f  b reeds 

in Aus tral ia .  Even within a small s ample o f  Romney lambs there was 

a cons iderable variation in capaci ty for body heat p roduct ion . The 

results are generally in agreement with Alexander ' s  ( 19 6 2b )  assertion 

that s ummit metabolism per unit bodyweight  is independent o f  the age 

o r  weight o f  the lamb over the range o f  ages and weigh ts s tudied . 
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RESPONSES OF  ROMNEY AND DRY SDALE-ROMNEY CROSS 

LAMBS TO COMPONENTS OF THE THERMAL ENVIRONMENT 

Introduction 

8 7  

When the newborn lamb i s  sub j ec ted t o  a cold environment i t  

responds b y  increas ing its me tabol ic rate t o  compensate for the loss 

of  body heat to that environment . The rate of  heat loss , and hence the 

metabolic  response , is a func tion o f  the lamb ' s body insulation and of  

the cooling power o f  the env ironment . Al though some informat ion is 

available  about the degree to which comp onents of the thermal environ­

ment (such as rainfal l ,  wind speed and ambient temperature) affect  its 

cooling power (Alexander,  1 9 6 1 ,  1 9 6 2a) , those s tud ies were based 

mainly on lambs o f  the Merino breed . The results may therefore no t 

be app li cable to Romney lambs which have different birthcoat 

characteris tics . As a consequenc e ,  the environmental cond i t ions in 

which Romney lambs will become hypo thermic are no t well def ined . 

In this experiment lambs were exposed to a range of  environmental 

cond i t io ns in o rder to measure their responses ( in terms of heat 

product ion, rec tal temperature and hind-limb skin temperature) to 

d i fferent components of · the thermal environment . "Cooling curves" 

wer e  produced to es timate the combined e f fects of  air movement , 

we t ting and ambient temperature on the lamb ' s  metabolic response . A 

comparison of  these curves wi th the es t imates o f  summi t metabolism 

derived in the previous chap ter then identif ied the environmental 

cond i t ions in which the lambs were l ikely to attain summi t me tabolic 

rates and become hypothermic .  F inally , relat ionships b e tween the 
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metabol ic response and o ther charac ter istics of  the lamb were examined 

at the lowe s t  ambient temperature .  

Experimental Des ign and Me thods 

The experiment involved 66 newborn lambs , 30 of  whi ch were 

exposed to  a cold environment on 2 occas ions . The interval b e tween 

exposures was 1 . 5 to 22 . 0  hours and l ambs were randomly ass igned to 

environmental treatment groups at each test to avoid any poss ible 

bias associated wi th t he order of tes t .  ( see  addendum ,  page 334a)  

The lambs were all born to Romney ewes and were s ired by Romney 

and Drysdale rams , these breeds being used to produce a range o f  

b ir thcoa t types s imilar t o  that described i n  Chap ter I I . There 

were 2 s ires per breed but s ingle-sire mating was no t practised . 

The ewe s ' mating dates were recorded daily and ges tation leng th was 

calculated for e ach of the lambs . 

Approximately 90%  of  the lambs were s ingle-bor n ,  the ewes having 

been mated in a very dry autumn when feed was s carce and ryegrass 

s taggers prevalent . No account was taken o f  the lamb ' s  b ir thrank 

in the experimental des ign . 

The experiment was o f  an unbalanced four-way factorial des ign 

(wi th s ire breed , sex , airspeed and wetness as main e ffects )  and was 

repea ted over 6 ambient tempera tures . The levels o f  the main 

e f f ec ts are p resented in Table  7 .  

effects . 

All were treated as b eing f ixed 

Having been ass igned to i ts treatment group , e ach lamb was sub­

j ec ted to a f ixed s equence of  declining ambient temperatures ( f rom 
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0 0 
30 C to 5 C )  as shown in Table 7 .  This sequence was util i zed because 

i t  allowed the phys iological changes assoc iated with an increas ingly 

cold environment to be  monitored . The fixed sequence was also con-

s idered preferable to a random order of  ambient temperatures s ince 

preliminary observations had shown that ,  under the latter sys tem ,  the 

lamb ' s heat product ion was slow to s tab ilize at each new amb ient 

temperatur e . This was particularly evident when the amb ient temper-

ature was increas ing as , in these circums tances , the lamb ' s heat 

product ion o f ten remained elevated for some time af ter the amb ient 

temperature had b een increased . Thus the time required to tes t each 

lamb was prolonged . The main d isadvantage of  the f ixed s equence 

approach was that the effects o f  each amb ient temperature were con-

founded wi th time and with the effects o f  exposure to the previous 

temp er a tures . S imple comparisons between the amb ient temperatures 

are therefore not poss ible . 

The experimental procedure was generally as des cribed in Chap ter 

I I . The lamb ' s age was recorded and i ts weigh t and b i r thcoat 

characteris tics measured prior to each tes t ,  the excep t ion being mid-

s ide wool weigh t per unit area of skin which was measured only once 

on e ach lamb (before the f irs t tes t ) . The lamb was then p laced in 

0 
the climate chamber at an amb ient ( nominal air) temperature o f  30 C .  

Once i ts heat production had s tab ilized , rectal temperature and h ind­

l imb skin temperature were measured ( to 0 . 5°C)  as was the RH o f  the 

chamber air . These measurements were usually made w i thin a period of  

3 to  5 minutes . The temperature control equipment was then adj us ted 

to maintain the next amb ient temperature in the s equence and the 

process was repeated for each of the 5 remaining ambient temperatures . 
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The climate  chamber air temperature generally s tab ilized at the new 

setting in 10  to 1 5  minutes , al though the period required for adj us t-

ment increased as the temperature s e t t ing decl ined . The lamb ' s heat 

production s t ab ilized af ter a fur ther 10 to 15 minutes , so that  the 

maximum interval between temperature s e t t ings was about 30 minu tes . 

Consequently , the to tal time required to tes t each lamb was about 3 

hours . 

The effects o f  s ire breed , sex , airspeed and we tness on heat 

production and o ther components of the lamb ' s response to cold were 

s tud ied by analys is o f  variance at  each amb ient temperature . These 

results were used to es tima te the propor tion of  lambs attaining summit 

me tabolism at the lowest  amb ient temperature . Relationships 

between heat production and a var i e ty of  o ther parameters were 

then s tudied at this ambient temperature by analysis of covariance . 

Resul ts and Discussion 

Part I : Responses to Cold-Stress at Each Amb ient Temperature 

1 .  Heat produc tion 

The analys es of variance for heat produc tion at each amb ient 

temperature are presented in Table  7 .  We t lambs had a s ignif icantly 

h ighe r  me tabol ic  rate than dry lambs at all amb ient tempera tures , the 

increase in metabolic rate associated with we tness ranging f rom 70% 

at  30°C amb ient temperature to almo s t  100% at  5°C .  The mean me tabolic 

rate o f  the we t lambs at  5°C ( 14 . 68 ± - 1  
0 . 29 W kg ) was with in the 

range o f  summit me tabolic rates for Romney lambs measured in 

Chap ter Ill  ( 1 2 to 22 W kg- 1 ) . However ,  the relatively low metabolic 

rates of  the dry lambs , even at  the lowes t amb ient temperature , 
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TABLE 7 :  EFFECT OF S IRE BREEDz WETNESS , AIRSPEED AND SEX ON THE 
HEAT PRODUCT ION OF LAMBS AT S IX AMBIENT TEMPERATURES 

Class ificat ion Heat P roduc t ion (W kg 
- 1

) Mean ± S . E .  

Nominal air  temEerature (OC )  

30 . 0  25 . 0  2 0 . 0  1 5 . 0 1 0 . 0  5 . 0  

S ire breed 

Romney ( 53 )  7 . 99±  8 . 1 3± 8 . 93 ±  1 0 .  1 3± 1 1 .  24±  1 2 . 1 4± 
0 . 2 3  0 . 24 0 .  2 4  0 . 2 5 0 . 24 0 . 2 7 

Drysdale (43 )  6 . 4 2 ±  6 . 43 ±  6 . 8 1 ±  8 . 1 3± 9 . 20±  1 0 . 1 7 ± 
0 . 2 6 0 . 2 7 0 . 2 7 0 . 2 7 0 . 2 7 0 . 30 

Wetness 

Dry (48)  5 . 33 ±  5 . 5 1 ±  5 . 9 3± 6 . 60± 7 . 1 8± 7 . 63 ±  
0 . 24 0 . 2 5 0 . 2 5 0 . 26 0 . 2 5 0 . 2 8 

Wet (48 )  9 . 09±  9 . 05 ±  9 . 8 1 ±  1 1 .  66±  1 3 . 2 6 ±  1 4 . 68± 
0 . 2 4 0 .  2 5  0 . 2 5 0 . 26 0 . 2 6 0 . 29 

Nominal airsEeed 
- 1  

(m sec ) 

0 . 0  (24)  6 . 36±  6 . 43± 6 . 80± 8 . 35 ±  9 . 52±  1 1 .  7 2 ±  
0 . 34 0 . 3 6 0 . 36 0 . 36 0 . 3 6 0 . 40 

1 . 0  (24)  7 . 1 0 ±  . 6 .  9 4 ±  7 . 7 9±  9 . 06 ±  1 0 . 25±  1 2 . 5 2 ±  
0 . 34 0 . 36 0 . 36 0 . 36 0 . 36 0 . 40 

1 . 5  ( 24) 7 . 50 ±  7 . 6 8± 8 . 45±  9 . 63±  1 0 . 64±  1 2 . 7 9 ±  
0 . 34 0 . 36 0 . 3 6 0 . 36 0 . 36 0 . 40 

2 . 0  (24)  7 . 87 ±  8 . 07 ±  8 . 45± 9 . 47 ±  1 0 . 32±  1 2 . 3 1 ±  
0 . 34 0 . 3 6 0 . 36 0 . 3 7 0 . 36 0 . 40 

Sex 

Male (48)  6 . 9 3 ±  6 . 94±  7 . 6 7 ±  8 . 98± 1 0 . 1 6± 1 1 .  38± 
0 . 24 0 . 2 5 0 . 2 5 0 . 26 0 . 25 0 . 2 8 

Female (48) 7 . 49±  7 . 6 2 ±  8 . 0 7 ±  9 . 2 7 ±  1 0 . 28± 1 1 .  52± 
0 . 2 5 0 .  26 0 . 26 0 . 26 0 . 26 0 . 29 

. . .  /cont inued 
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TABLE 7 ,  cont inued 

Analls is of Var iance 

(No t e  that for c la r i t y  o f  presentat ion only 
s ince the mod e l  i s  fully f ixed i n  each case 

Source of V a r i a t ion 

S i re Breed (Breed) 

Wetness (Wet . )  

Airs peed (As p . )  

Moving �· s t i l l  

lol i thin moving a i r  

Sex 

Breed 

Breed 

Breed 

lole t .  

We t .  

As p .  

Breed 

Breed 

Breed 

We t .  

Error 

x lole t .  

X As p .  

x Sex 

X A s p .  

x Sex 

x Sex 

x lolet .  

x We t .  

x As p .  

X As p .  

x Asp .  

x Sex 

x Sex 

x Sex 

d. f .  

30 . 0  

5 6 . 36*** 

340 . 1 2*** 

3 1 0 .  05* 

a i r  2 2 .  98** 

2 3 . 59 NS 

7 . 24 NS 

0 . 00 NS 

3 l .  l 7 NS 

0 . 8 2  NS 

3 7 . 09t 

1 . 3 4  N S  

3 1 . 00 NS 

3 7 . 83 t  

0 . 20 NS 

3 0 . 90 NS 

3 0 . 3 9  NS 

67 2 . 89 

t he mean squares and s i gni f icance a r e  given . Howeve r ,  
a l l  mean squares are t e s t ed agains t the error t e rm . )  

Mean Sguare and Sign i f icance 

Nominal air temeerat ure (OC) 
2 5 . 0  20 . 0  1 5 . 0  1 0 . 0  5 . 0  

6 6 . 2 2 *** 1 0 2 . 9 7 * * *  9 1 . 60*** 9 5 .  7 2* * *  8 7 . 9 7 *** 

299 . 48*** 359 . 50*** 6 1 4 . 75*** 886 . 8 7 * * *  1 1 9 1 .  9 5 * * *  

1 2 . 9 2* 1 4 .  64* * 7 . 7 6t 5 . 39 NS 4 . 9 8 NS 

2 3 .  1 1 * 3 6 . 8 1 * *  1 9 . 14* l 4 . 04 t  1 2 .  l O t  

7 . 82 t  3 . 5 6 N S  l .  9 7 N S  l .  06 NS l .  4 2  NS 

1 0 . 9 1 t 3 . 8 3 NS 2 . 02 NS 0 . 3 3 NS 0 . 46 NS 

0 . 1 1  NS 2 . l J NS l .  1 5  N S  0 . 4 6 N S  0 . 04 NS 

0 . 4 6 NS l .  62 N S  1 . 9 2 N S  1 . 7 2 N S  3 . 2 5  NS 

0 . 08 NS 0 . 70 NS 0 . 39 N S  3 . 5 8 NS 7 . 89 NS 

7 . 56 t  3 . 7 1  NS 0 . 03 NS 0 . 85 N S  3 .  1 7  NS 

0 . 88 N S  0 . 1 2  NS 0 . 1 3  N S  0 . 0 3 NS 0 . 0 2 NS 

0 . 2 6 NS l .  66 N S  1 . 82 N S  2 . 04 N S  4 . 1 7  N S  

7 . 8 7 t  6 . 7 9 N S  4 . 99 NS 2 . 39 NS 0 . 60 N S  

0 . 59 N S  0 . 7 6  NS 0. 7 4  N S  2 . 9 5  N S  5 . 54 N S  

0 . 50 N S  0 . 1 8  N S  0 . 9 9 N S  l .  1 2  NS 3 . 1 0 NS 

0 . 9 2 NS l .  2 1  NS 2 . 44 N S  l .  2 8  NS 3 .  19 NS 

3 . 30 3 . 30 3 . 63 3 . 60 4 .  1 7  
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sugges t tha t these lambs are unlikely to a ttain their summi t me tabolic 

rate and become hypo the rmic in the f ield unless air temperatures are 

much lower than 5°C .  A s imilar conclus ion may b e  drawn from the 

results of  Alexander ( 19 6 2b) . 

The me tabolic rate o f  the Drysdale-cross lambs was 20% lower 

than that of  the Romney lambs at all amb ient temperatures , the 

d i fference being highly s ignif icant (P< . 00 1 )  in each case . At the 

lower amb ient temperatures th is effect  can presumably be at tribu ted 

to d i fferences between the "breeds" in b ir thcoat charac terist ics 

and is in general agreement with observations on the ef fects of 

b i r thcoat type in other b reeds (Alexander , 1 96 1 ,  1 962a ; Slee , 1 9 78) . 

However ,  the "breed" difference also persis ted at  the higher amb ient 

temperatures . At 30°C amb ient temperature the mean me tabolic rate 

of the dry Drysdale-cross lambs in s till air ( i . e .  the leas t cold­

- 1 
s tressed group) was 3 . 6 3 ± 0 . 44 W kg which is s imil ar to Alexander ' s 

- 1  
( 19 6 1 )  es timate o f  basal me t abolic rate ( 3 . 9 6  W kg ) i n  unfed 

Mer ino lambs . By contras t ,  the mean me tabolic  rate o f  the Romney 

- 1  l ambs under the same environmental conditions was 5 . 3 2 ± 0 . 43 W kg • 

0 
I t  therefore appears tha t , a t  30 C amb ient temperature ,  the Romney 

l ambs were already in the cold zone whereas the Drysdale-crosses 

were at thermoneu trali ty . Th is difference b e tween the "breeds"  

was probably also a consequence of the Romney lambs ' poorer coat 

insulation but  the pos s ib il i ty that the Romneys inges ted more milk 

p r ior to the tes t ,  and so had elevated me tabolic  rates even a t  the 

h ighes t amb ient temperatures (Alexander , 1 9 6 1 ) , canno t be entirely 

d iscounted . 

It  will be no ted from Table 7 that the mean met abolic rates o f  
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the Romney lambs varied l i t tle when the amb ient temperature was 

reduced f rom 30°C to 25°C .  However , this should no t be interpre ted 

as ind icating that these lambs , like the Drysdale-crosses , were a t  

thermoneutrali ty because the "breed" means i n  Table 7 are pooled over 

both levels of we tness . As is  demons trated in F igure 4 i t  was the 

we t Romney lambs whose me tabolic  rates varied lit tle over the f irs t 

2 amb ient temperatures . The me tabolic  rates of the dry Romney 

lambs in fact showed a generally linear increase as the amb i ent 

temperature was reduced , and are cons is tent wi th these lambs being 

in the cold zone . Pos s ible reasons for this difference be tween the 

we t and dry lambs will be d is cussed later . 

The effect  of  airspeed on me tabolic  rate was mos t  pronounced at  

the h igher ambient temperatures and was a function of dif ferences 

be tween s till and moving air rather than be tween the 3 h ighes t air-

speeds . In Chap ter I I ,  the RH of  air in the chambers was shown to 

increase as amb ient temperature decl ined . Accordingly , i t  might be  

sugges ted that the reduced airspeed effect  at  low amb ient temperatures 

was due to the high RH inhib i ting the effects of air movement on 

evaporative heat loss . However ,  in a subsequent exper iment ( Chap ter 

V) , in w�ich lambs of  s imilar b ir thcoat types were exposed to a s ingle 

low amb ient tempera ture ( 10°C ) , an e f f e c t  of airspeed was app arent 

des p i te the chamber air again having a very high relative humidity . 

Indeed the only maj or dif ference b e tween these experiments ( in this 

respec t)  was that in the lat ter cas e  a much shor ter time elapsed 

before heat p roduct ion was measured a t  the low amb ient temperature . 

The non-signif icance o f  the airspeed ef fec t at  low amb ient temperatures 

in the present s tudy (Table 7 )  may therefore have been related in some 
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way t o  the time spent i n  the climate chambers by the lambs ( this 

being obvious ly confounded with amb ient temperature) . One pos s ib il i ty 

migh t be tha t ,  had the overhead we t ting line failed to maintain the 

level of coat we tness achieved by the initial immers ion procedure 

(Chap ter II) , the po tential for evaporation from the coat by air move-

ment would have declined as the tes t  proceeded . In the dry lambs a 

s imilar redu c tion in the mois ture content of  the coat could have 

occurred over t ime . Although these lambs were subj ec t ively assessed 

as being dry , many were tes ted when only a few hours old and i t  is 

quite likely that  their coats s till contained a cons iderab le amount of  

f luid . The we tness x airspeed interac t ion,  wh ich approached 

s ignif icance only at the h igher amb ient temperatures ( Table  7 ) , 

lends some support to this hypothes is s ince i t  reflects a greater 

e f fect of  airspeed on the heat produc tion of the wet lambs than on 

those tes ted when dry . Alterna t ively , the lambs exposed to moving 

a ir may have made pos tural adj us tments which minimi�ed the e f f e c ts o f  

a ir movement a t  low amb ient temperatures . However , i t  seems l ikely 

that any such adj us tments would have depended on the amb ient tempera­

ture to which the lambs were exposed , rather than on the time spent 

in the climate  chambers . Hence the e f fe c ts o f  these adj us tments 

would have been expressed in the experiment described in Chap ter V 

as well as in this s tudy . 

Increas ing airspeeds exerted a s imilar e f fect on each b ir thcoat 

type as is indicated by the non-s ignificant s ire breed x airspeed 

interac tion . While a s ignif icant interac t ion migh t have been 

expec ted ( th rough a tendency for the h igh airspeeds to more readily 

open up the f ine shallow Romney coat) , it mus t be remembered tha t  the 

airspeeds available in this study were rela t ively low ( a  maximum o f  
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- 1  - 1  
1 . 9  m sec compared with 5 . 5  m sec  used by Alexander) . They may 

therefore have been too low to penetrate the b ir thcoat s truc ture . 

In addition,  the turbulence  of air movement within the chambers would 

presumably have reduced the degree to which the coat s t ruc ture was 

pene trated . Thus i t  seems likely that  the maj o r  effect  o f  air 

movement on "coat p lus air" ins ulat ion was the removal of the boundary 

layer of s till  air over the coat , this e ffect  being s imilar in the 

2 b ir thcoat types . 

The comb ined effects  of air movement ,  we t ting and amb ient tempera-

ture on the cool ing power of the environment are demons trated in 

Figure 4 .  In the calculation o f  the mean me tabolic rates , data were 

pooled across the sexes s ince sex of the l amb did no t s ignif icantly 

a ffect  its heat produc t ion at any amb ient temperature . S imilarly , 

s i nce dif ferences between the 3 levels of  moving air were no t s igni f i-

can t ,  the mean me tabolic rates are plotted for lambs grouped according 

- 1  
t o  whe ther they were exposed to "s t ill air" (0 . 0  m sec  ) o r  "moving 

- 1  
air"  ( 1 . 0 ,  1 . 5  and 2 . 0  m sec ) • 

As has already been ment ioned , the we t lambs of each "breed" 

exhib i ted l i t t le change in me tabolic rate when the ambient temperature 

0 0 
was reduced from 30 C to 25 C ( Figure 4 ) . Th is sugges ts that ,  at  

30°C amb ient temperature , these lambs were producing more body heat 

than was required to maintain body temperature . The increased rec tal 

temperatures o f  these lambs , compared with those tes ted when dry , 

s upport the hypothesis that this occurred in response to s tresses 

associated wi th the initial we tting treatment ( see Table 8 ) . 

Figure 4 also illus t rates the maj or e f fe c t  of  we t ting on the level 
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KEY TO FIGURE 4 

S ire breed 

Wetnes s 

Airspeed 

R Romney 

N Drysdale 

D D ry 

w Wet 

s S till  air 

M Moving air  

Mean summit me tabo lism o f  Romney lambs 
(Chapter Ill ) 

Lower limit of  summi t  metabolism of Romney 
lambs (Chap ter I l l ) 

The numb er o f  observations contr ibut ing to each series o f  
means i s  ind icated in pa ren theses 

The ver t ical bars represent the standard error of the mean 
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of cold-s tress experienced by the lamb . This e f fec t was s o  large 

that attemp ts to  es t imate "effec tive amb ient temperatures " ( Sykes 

et al . ,  1 9 76 )  for we t lambs involve an unaccep tab le degree o f  

extrapolation f rom the curves f o r  dry lamb s . Nevertheless , the 

relative cooling powers of a r ange of environments can be es t imated 

f rom these curves . For example , i t  can be  es timated that cond i tions 

o f  we tness , air movement , and an amb ient temperature o f  5°C cons t i tute 

an environment which is approximately twice as cold ( as indicated by 

the response in me tabolic rate) as conditions of dryness and s till air 

at  the s ame amb ient temperature . These es timates may , however ,  be 

sub j ect to some error when deal ing with environmental condit ions in 

which a propor tion of the lambs might be  expec ted to at tain summi t 

me tabolism . In this context , Figure 4 also illus trates the advantage 

o f  a h igh summit me tabolic rate . 

2 .  Rec tal temperature 

The only treatments which exerted s igni f icant ef fects on the 

rectal temperatures of the lambs were we tness and breed of s ire 

(Tab le 8 ) . We t lambs had s ignificant ly higher rectal temperatures 

than dry lambs at all excep t the lowes t ambient temperature , while 

the Romneys exh ib i ted generally higher rec tal temperatures than the 

Drysdale-cross lamb s . However , the lat ter differences were no t 

always s igni f icant . 

The s ignif icant effect  of  wetness on rectal temperature is un-

usual because the we t lamb s ,  which were apparently experiencing a 

greater degree o f  cold-s tress than the dry lambs (as i ndicated by 

their higher me tabolic rates ) , also had the greater rectal temperatures . 

Furthermo re , this difference was es tablished at the highes t ambient 

MASS!iY UNIVERSITY 
LIBRA-RY 
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TABLE 8 :  EFFECT OF S IRE BREED, WETNESS , AIRSPEED AND SEX ON THE 
RECTAL TEMPERATURES OF LAMBS AT SIX &�BIENT TEMPERATURES 

C las s if ication Rec tal TemEerature (°C )  Mean ± S . E .  

Nominal air temEerature (OC)  

30 . 0  2 5 . 0  20 . 0  1 5 . 0  1 0 . 0  5 . 0  

Sire breed 

Romney ( 5 3 )  39 . 53±  39 . 44± 39 . 53±  39 . 65± 39 . 5 6± 39 . 29±  
0 . 09 0 . 1 0  0 . 1 0 0 . 1 0  0 .  1 3  0 . 1 6  

Drysdale ( 43 )  39 . 24± 39 . 28± 39 . 23±  39 . 30± 39 . 09± 38 . 98± 
0 . 09 0 . 1 1  0 . 1 1  0 . 1 3  0 . 1 4  0 . 1 8 

Wetness 

Dry ( 48 )  3 9 .  1 1 ±  39 . 1 2± 39 . 07 ±  39 . 1 4± 38 . 9 2 ±  38 . 9 7 ±  
0 . 09 0 . 1 0 0 . 1 0 0 . 1 2  0 . 1 3  0 .  1 7  

Wet ( 48 )  39 . 65±  39 . 60± 3 9 . 69±  39 . 80± 39 . 7 3 ±  39 . 30± 
0 . 09 0 . 1 0 0 .  1 1  0 . 1 2  0 . 1 3  0 . 1 7  

Nominal a irsEeed (m sec- 1 ) 

0 . 0 ( 24 )  39 . 54± 39 . 43±  39 . 34± 39 . 5 1 ±  39 . 44±  39 . 26± 
0 . 1 3  0 . 1 4 0 . 1 5  0 . 1 7  0 . 1 8  0 . 24 

1 . 0  ( 2 4 )  3 9 . 33±  3 9 . 4 1 ±  39 . 43±  39 . 42±  39 . 2 2 ±  39 . 28±  
0 . 1 3  0 . 1 4  0 . 1 5  0 . 1 7  0 . 1 9  0 . 24 

1 . 5  ( 24 )  39 . 3 1 ±  39 . 35±  3 9 . 43±  39 . 53±  39 . 3 3 ±  39 . 1 1 ± 
0 . 1 3  0 .  1 4  0 . 1 5  0 . 1 7  0 . 1 9  0 . 2 4 

2 . 0  ( 2 4 )  39 . 33± 3 9 . 2 6 ±  3 9 . 33± 39 . 43±  39 . 3 2 ±  38 . 89±  
0 . 1 3  0 . 1 4  0 . 1 5  0 . 1 7  0 .  1 9  0 . 24 

Sex 

Male ( 4 8 )  39 . 39±  39 . 3 7 ±  3 9 . 4 1 ±  39 . 4 7 ±  39 . 46±  3 9 . 29±  
0 . 1 2  0 . 1 0 0 . 1 0 0 . 1 2 0 . 1 3  0 . 1 7  

Female (48 )  39 . 38± 3 9 . 35±  39 . 35±  39 . 47 ±  39 . 2 1 ±  3 8 . 9 7 ±  
0 . 1 2  0 . 1 0 0 . 1 1  0 . 1 2  0 . 1 4 0 . 1 7  

. . .  /cont inued 
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C lass if icat ion 

At Nominal Air Temperature 30°C :  

Wetness 

Dry 

Wet 

At Nominal Air Temperature 1 00C :  

Sex 

Male 

Female 

10 1  

Rectal Temperature (°C )  Mean + S . E .  

Sire b r eed 

Romney 

3 9 . 1 3  ± 0 . 13a 

( 2 6 )  

39 . 9 3 ± 0 . 14b 

( 2 7 )  

39 . 4 8 ± 0 . 17a 

( 2 2 )  

. a 
39 . 65 ± 0 . 13 

( 3 1 )  

Drysdale 

39 . 09 ± 0 . 1 4a 

( 2 2 )  

39 . 3 7 ± 0 . 1 4a 

( 2 1 )  

39 . 4 1 ± 0 . 1 5a 

( 2 6 )  

38 . 7 6 ± 0 . 20b 

( 1 7 )  

. . .  / continued 
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TABLE 8 ,  concinued 

Analys i s  of Var iance 

(Note that only mean squares are present ed . 
squa r e s  are tested aga ins t the error t e rm . ) 

Source of Variat ion �-

S i r e  Breed ( Breed) 

Wetness (Wet . )  

A i r s peed (Asp . )  

Mov ing vs . s t i l l  a i r  

Within moving a i r  2 

Sex 

Breed 

Breed 

Breed 

We t .  

We t .  

Asp . 

Breed 

Breed 

Breed 

We t .  

Er ror 

x Wet . 

X As p .  

x Sex 

X Asp .  

x Sex 

x Sex 

x Wet . 

x We t .  

x Asp . 

X Asp . 

3 

3 

3 

X Asp . 3 

x Sex 

x Sex 3 

x Sex 3 

67 

30 . 0  

2 . 06* 

7 . 70** 

0 . 2 9  NS 

0 . 8 5  N S  

0 . 0 1  N S  

0 . 0 1 NS 

1 . 6 6* 

0 . 98t 

0 . 4 5  N S  

0 . 6 1  NS 

0 . 2 3  NS 

0 . 0 5 NS 

0. 7 2  NS 

0 . 2 2 N S  

0 . 5 1  NS 

0 . 49 NS 

0 . 38 

The model is fully f ixed in each case so a l l  mean 

Mean Square and S ign i f icance 

Nominal air temEerature (OC) 

2 5 . 0  20 . 0  1 5 . 0  1 0 . 0  5 . 0  

0 . 60 NS 1 .  99t 2 .  78* 4 .  70* 2 . 29 N S  

5 . 6 7 *"'* 9 . 1 9*** 1 0 . 4 3 *** 1 4 . 29"'** 2 . 7 3 NS 

0. 15 N S  0 . 06 NS 0 . 0 7 N S  0 . 1 4  N S  0 .  7 7  NS 

0 . 1 5  NS 0 . 06 N S  0 . 0 5 N S  0 . 4 0 NS 0 . 50 

0 .  1 5  NS 0 . 06 NS 0 . 08 NS 0 . 0 1  NS 0 . 9 1  

0 . 0 1  NS 0 . 07 NS 0 . 00 NS 0 . 9 3 NS 2 . 37 NS 

0 . 59 NS 0 .  1 1  NS 0 . 4 8 NS 0 .  59 NS 0 . 8 7 NS 
0 . 89 NS 0 . 4 1  NS 0 . 9 2 N S  1 . 42 NS 1 . 0 1  N S  

0 . 5 5  N S  0 . 2 3 NS l .  38 N S  3 .  6 3 *  1 . 39 N S  

1 . 1 6 t  0 . 7 5  NS 0 . 65 N S  0 . 1 5  NS 1 . 00 NS 

0 . 0 3 NS 0 . 00 NS 0 . 04 N S  0 . 0 2 NS 0 . 06 N S  

0 . 09 NS 0 . 0 3 N S  0 . 1 8  N S  0 .  1 7  NS 0 . 3 7  N S  

0 . 84 N S  0 . 58 NS 0 . 09 N S  0 . 0 5 N S  0 . 32 NS 

0 . 7 4  N S  I .  64t l . 92t l .  68 N S  1 . 0 1  N S  

0 . 34 NS 0 .  7 2  NS o .  7 8  N S  1 . 96t 2 . 9 9 NS 

0 . 3 5 NS 0 . 44 NS 0 . 1 1  N S  0 . 1 4  NS 0 . 88 NS 

0 . 4 7 0 . 55 0 . 69 0 . 85 1 . 48 

NS 

NS 
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temperature when the degree o f  cold-s tress experienced b y  all lambs 

was relatively low and when the me tabolic  rates o f  the we t lambs 

appeared to b e  unusually high (Figure 4 ) . Accordingly , these results 

canno t be cons idered to indicate a superior ab ility of the wet lambs 

to control deep body temperature , despite  the fact that their  rectal 

0 
temperatures were close to an accep ted "normal" mean o f  39 . 5  C ( Alex-

ander and McCance , 1958 ; Slee , 1 9 68 ; Cockrem and McDonald , 1969 ; 

Sykes et  al . ,  1 9 7 6 ) . 

A more likely explanation is that the we t lambs increased the ir 

me tabolic rates above the level required to maintain body temperature 

(as a response to  the ini t ial we t ting treatment) and cons equently 

increased the i r  deep body temperatures . This hypothes is would 

require tha t  all the lambs be mildly hypothermic prior to half o f  

them being wet ted which i s  quite feas ible in view of the rectal 

temperature changes which have previous ly b een observed in lambs 

immediately after  birth (Alexander  and McCance ,  1958 ; Smith , 1 9 6 1 ) . 

S imilar increases in rec tal temperature upon initial exposure to 

cold have been demons t rated in mature sheep ( Slee , 1 9 6 6 )  and in Merino 

lambs (Alexander ,  196 1 ) . However , i t  is no t clear whe ther this 

apparent "over-compens a tion" in rec tal temperature o ccurs in respons e  

t o  the increased rate o f  body heat loss which accomp anies the initial 

exposure to cold , or to non-environmental s tresses associated with the 

sudden change in the environment . 

The p resence of this effect  may further complicate the inter-

pretation of changes in metabolic rate and rec tal temperature . I t  

i s  apparent tha t ,  a t  30°C amb ient temperature , the relatively high 

metabolic rates of  the we t lambs cannot be  interpre ted as s imply 
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indicating the leve l o f  heat  p roduc t ion required to maintain body 

temperature ( s ince a component of this heat production was probably 

devo ted to increas ing deep body temperature) . However the difference 

in mean rectal temperature be tween the wet and dry lambs was establish-

ed by the time rectal temperature was first  measured and remained 

relatively cons tant until the lowes t amb ient temperature . Conse-

quently , the lambs ' me tabolic rates should s t ill be reasonable 

es t imates o f  thei r  rates o f  body heat loss at  amb ient temperatures 

of  2 5°C and be low . At the lowes t amb ient temperature , the non-

s ignificant effect  of we tness appears to have been due to the 

declining rec tal temperatures of the we t lambs wh ich were associated 

with the attainment o f  summi t me tabolism in s ome members o f  this 

group . 

The effect  o f  s ire b reed on rec tal temp erature was s imilar to 

the wetness e f f e c t  in that  the group of lambs which apparently 

experienced the greater degree o f  cold-s tress ( Romneys)  also had 

higher rectal temperatures . In the init ial s tages of  the experiment 

this was due to the wet Romney lambs exh ibiting a much greater in-

creas e  in rec tal temperature ( compared wi th those tes ted dry)  than 

did the Drysdale-crosses ( Table 8) . At  the lower amb ient tempera-

tures the we t Drysdale-cross l ambs had apparently increased thei r  

rectal temperatures , a s  i s  ind icated b y  the non-s igni f i cant s ire 

b reed x wetness interac tion, but the "b reed" difference in rectal 

0 temp erature ( o f  about 0 . 3  C) pers is ted . However ,  i t  would be 

d i f ficu l t  to asc r ibe any survival advantage to the Romney lambs on 

the b as is of  the ir  slight ly higher rectal temperatures s ince the 

"b reeds " exhibited an equal ne t decline in mean rectal temperature 
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during the course o f  the experiment . 

In view o f  the s ignif ican t  effects  of  airspeed on heat p roduction 

at the higher amb ient temperatures ( Table 7) it might have been 

expec ted tha t  the lambs exposed to moving air , which were clearly more 

cold-s tressed than those in s till a i r ,  would also have exhibi ted in-

creased rec tal temperatures . As Tab le 8 shows , this did no t occur . 

Alexander ( 19 6 1 )  found tha t ,  as the degree of cold-s tress to whi ch 

the lamb is exposed increases , so too does the initial rise in rectal 

temperature . S ince the be tween-airspeed differences in heat  pro-

duc t ion were  much smaller than between the leve ls of we tness ,  a greater 

d i fference in cold-s tress than that  which exis ted between the air­

speeds may have been required to induce an "over-compensation" 

e f fe c t  in rec tal temperature . 

The poss ib ility that the we t lambs altered the ir me tabolism, and 

consequently increased thei r  rectal temperatures , in response to non­

env ironmental s t ress associated wi th the ini tial we t ting procedure 

has already been no ted . It  should be  po inted out that o ther non-

e nvironmental s tresses ( such as handl ing and separation from the dam) 

could also h ave affected the me tabolism of the lambs . Many o f  them 

showed s igns of distress when separated f rom their dams and mos t  

s truggled when f irs t p laced i n  the climate chambers , al though they 

generally b ecame settled after  5 to 10 minutes in the chambers and 

remained so for the duration of the tes t .  However , while s t ress 

assoc iated with the we t ting treatment could have contributed to the 

e levated rec tal temperatures of the wet lambs in this s tudy , non­

environmental s tresses were unl ikely to have been respons ible for the 

o ther treatment effects on rectal temperature . 
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Comparisons of rec tal temperatures across the amb ient temperatures 

do not h ighl ight maj o r  trends although there was a tendency for rectal 

temperatures to fall a t  the lowest  amb ient temperatures , par ticularly 

among the we t lambs . S ince the mean me tabolic  rate of  these lambs 

was within the range o f  summi t me tabolism for Romney lambs ( F igure 4 )  

i t  appears that this change was associated with the ons e t  o f  hypo­

thermia in some ind ividuals (see "Me tabolism of lambs in relation 

to summit conditions " ) . 

3 .  Hind-l imb skin temperature 

The analyses o f  variance for  hind-limb skin temperature at each 

amb ient temperature are presented in Tab le 9 .  When interp re ting 

these analyses it should be no ted that  hind- limb skin temperatures 

( hence for th referred to s imply as "skin temperatures ")  were measured 

shortly after  the lamb ' s metabolic  rate had s tabilized . S ince h ind­

limb skin temperature is s low to equil ibrate with each change in 

ambient temperature (Alexander ,  1 9 6 1 )  some of the treatment differences 

may reflec t varying rates of equil ib ration in limb temperature rather 

than variat ion in the degree to which peripheral blood f low was 

altered . In addition,  the meas urement of  skin temperature by 

surface thermocouple may be sub j ec t  to certain errors as was dis cus sed 

in Chap ter I I . 

As a further aid to the interpre tation of treatment effects on 

skin temperature , thermal circulation indices were calculated for each 

o f  the lamb s , thus : 

TCI = T
S 

T
A 

(Burton and Edholm, 1 9 5 5 )  



TABLE 9 :  EFFECT OF S IRE BREED , WETNES S ,  AIRSPEED AND SEX ON THE 
HIND-L IMB S KIN TEMPERATURES OF LAMBS AT SIX AMBIENT 
TEMPERATURES 

Clas s i fication Hind-Limb Skin TemEerature (OC )  Mean ± 

Nominal air  temEerature ( OC) 

3 0 . 0 25 . 0  2 0 . 0 1 5 . 0  1 0 . 0  

Sire breed 

Romney ( 5 3 )  3 1 . 59±  30 . 3 6± 2 7 . 48± 24 . 78±  2 1 . 37 ±  
0 . 62 0 . 6 7 0 . 76 0 . 83 0 . 89 

D rysdale ( 4 3 )  3 1 . 69±  30 . 44±  2 8 . 35±  2 5 . 6 7± 2 2 . 85 ±  
0 . 69 0 . 7 5  0 . 85 0 . 92 1 . 00 

Wetness 

Dry ( 4 8 )  3 3 . 05± 32 . 1 9± 3 0 . 7 5± 2 9 . 35±  2 7 . 1 4 ±  
0 . 64 0 . 7 0 0 . 7 9 0 . 85 0 . 93 

Wet ( 48 )  30 . 23±  2 8 . 6 1 ±  2 5 . 08± 2 1 . 1 1 ± 1 4 .  1 3 ±  
0 . 65 0 . 70 0 .  79  0 . 8 5 1 . 1 4 

Nominal airsEeed (m sec- 1 ) 

0 . 0  ( 2 4 )  3 1 . 1 2± 3 1 .  0 7 ±  2 9 . 33± 2 7 . 7 2± 2 6 . 46±  
0 . 9 1  0 . 99 1 . 1 2 1 . 20 1 . 30 

1 . 0  ( 2 4 )  3 2 . 1 7 ±  30 . 67 ±  2 7 . 1 6 ±  24 . 4 7 ±  2 1 .  6 2 ±  
0 . 9 1  0 . 99 1 . 1 2 1 .  20  1 .  3 2  

1 . 5  ( 2 4 )  3 2 . 44± 3 1 . 29±  2 9 . 10±  2 5 . 50± 2 0 . 4 2 ±  
0 . 9 1  0 . 99 1 . 1 2 1 .  20  1 . 30 

2 . 0  ( 2 4 )  30 . 82±  2 8 . 57±  2 6 . 07±  23 . 2 2 ±  1 9 . 94±  
0 . 9 1  0 . 99  1 . 1 2 1 .  2 0  1 .  2 9  

Sex 

Male ( 4 8 )  30 . 68± 29 . 6 7 ±  2 6 . 84±  2 4 . 2 0± 2 1 . 08±  
0 . 64 0 . 7 0 0 . 7 9 0 . 8 8 0 . 9 3 

F emale ( 4 8 )  32 . 59±  3 1 . 1 3 ±  2 8 . 99 ±  2 6 . 2 5± 20 . 1 9 ±  
0 . 66 0 . 7 1  0 . 8 1 0 . 87 0 . 9 5 

1 0 7  

S . E .  

5 . 0  

1 8 . 0 1 ±  
0 . 9 3 

2 0 . 55±  
1 .  04  

2 5 . 49± 
0 . 9 7 

1 3 . 06 ±  
1 .  1 9  

2 1 . 1 7 ±  
1 .  3 6  

1 7 . 5 1 ±  
1 .  38  

1 6 . 6 1 ±  
1 .  3 6  

1 4 . 7 6 ±  
1 .  3 5  

1 8 . 7 6± 
0 . 97 

1 9 . 80± 
1 . 00 

. . .  /cont inued 
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TABLE 9 ,  cont inued 

Classif icat ion Hind-Limb Skin TemEerature (°C )  Mean ± S . E .  

Wetness 

Q!x Wet 

At Nominal Air TemEerature 1 5°C :  

Nominal airsEeed (m sec- 1 ) 

0 . 0  2 9 . 03 ± 1 .  69b 2 6 . 42 ± 1 . 69b 

( 1 2 )  ( 1 2 )  

1 . 0 2 8 . 88 ± 1 .  6 7b 20 . 07 ± 1 .  7 4
a 

( 1 2 )  ( 1 2 )  

1 . 5  2 9 . 7 5 ± 1 . 69b 2 1 . 24 ± 1 .  7 4a 

( 1 2 )  ( 1 2 )  

2 . 0  2 9 . 7 4  ± 1 .  6 7b 1 6 . 70 ± 1 . 69a 

( 1 2 )  ( 1 2 )  

A t  Nominal Air Temperature 1 0°C :  

Sex 

Male 2 4 . 6 5  ± 0 . 67
b 1 7 . 52 ± 1 .  3 1a 

( 2 4 )  ( 2 4 )  

Female 2 9 . 64 ± 1 .  3 4
c 

1 6 . 62 ± 1 . 3 3
a 

( 2 4 )  ( 2 4 )  

A t  Nominal Air Temperature  5°C :  

Sex 

Male 2 3 . 2 1  ± 0 .  7 0
b 

1 4 . 3 1 ± 1 . 38a 

( 2 4 )  ( 2 4 )  

Female 2 7 . 78 ± 1 .  40
c 1 1 . 82 ± 1 . 39

a 

( 2 4 )  ( 2 4 )  

• . .  / cont inued 
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TABLE 9 ,  cont inued 

Ana l;ts is o f  Var iance 

(No t e  that only mean squares are presen t ed .  The model is f u l ly f ixed in each case so all mean 
squares are t e s t ed aga inst the error term . ) 

Source of V a r i a t ion d . f .  Mean Sguare and S ig,n i f  i c ance 

Nominal a i r  t emEerature (OC) 

30 . 0  2 5 . 0  2 0 . 0  1 5 . 0  1 0 . 0  5 . 0  

S ire Breed ( Breed) 0 . 2 3 NS 0 . 1 5  NS 1 7 . 2 1  NS 2 4 .  1 2  N S  37 . 70 NS 1 2 1 . 4 6 N S  

Wetness (Wet . )  19 1 .  45** 307 . 74*** 7 7 3 .  90*** 1 6 2 8 . 4 1 ** *  2 4 3 6 . 1 9* * *  3 7 0 7  . 1 1 * * *  

Airspeed (Asp . )  3 1 4 . 9 5  N S  3 7 . 3 1  NS 58 . 84 N S  86 . 99t 2 1 4 . 09** 1 7 4 .  72* 

Moving �· s t i l l  a i r  8 . 5 7 N S  1 4 . 36 NS 64 . 07 N S  1 9 8 . 80* 605 . 52*** 4 2 8 . 0 7 *  

W i t h i n  moving a ir 2 1 8 . 1 4  N S  4 8 . 78 NS 5 6 . 2 2  NS 3 1 . 08 NS 1 8 . 38 N S  4 8 . 04 NS 

Sex 84 . 29* 4 8 . 8 3  NS 1 0 7 . 2 2 t  99 . 9 5  N S  9 3 . 66 NS 2 2 . 90 NS 

Breed X Wet . l .  7 0  NS 3 . 2 5  NS 2 . 80 N S  l .  7 5  NS 0 . 9 5  N S  1 3 . 4 3 N S  

Breed X As p .  3 1 5 . 7 6 N S  1 3 . 80 N S  19 . 80 NS 2 3 . 40 NS 3 8 . 4 5  N S  2 6 . 2 6  N S  

Breed x Sex 22 . 1 0 NS 7 5 . 06t 9 1 .  64t 39 . 6 5  NS 1 3 . 89 NS 1 4 . 9 8 N S  

We t .  X Asp . 3 24 . 3 5 NS 5 9 . 05t 5 8 . 0 7  N S  1 1 6 . 39* 1 1 0 .  4 3 t  87 . 67 N S  

We t .  x Sex 2 2 . 09 N S  2 1 . 8 6  NS 1 8 . 8 2 N S  5 1 . 42 NS 2 0 2  . 1 0* 3 1 1 . 9 1 *  

Asp . x Sex 3 1 4 . 7 1  N S  2 8 . 6 2  NS 1 8 . 92 N S  9 . 42 NS 8 . 74 NS 1 6 . 40 N S  

Breed X We t .  X Asp .  3 2 5 . 84 N S  1 5 . 69 N S  1 9 . 69 N S  1 4 . 49 NS 6 2 . 84 NS 4 7 . 44 N S  

Breed x Wet .  x Sex l .  8 3  N S  l .  2 0  NS 0 . 0 2 NS 3 . 2 6 NS 2 9 . 58 NS 7 7 . 7 5  NS 

Breed X As p .  x Sex 3 1 6 . 69 NS 3 7 . 7 3  N S  34 . 2 5 NS 3 5 . 9 3 NS 6 0 . 7 3  N S  5 7 . 2 9 N S  

Wet .  x As p .  x Sex 3 1 2 . 04 NS 0 . 80 NS 5 . 88 NS 1 8 . 9 5  NS 2 6 . 04 NS 34 . 0 5  N S  

Error 67 2 0 . 7 4  2 2 . 6 7  3 1 . 30 3 7 . 80 4 0 . 3 5  4 6 . 2 4  



1 10 

where T
A 

amb ient temperature ( from Table  1 )  

T
R 

= rectal temperature 

T
s 

= skin temperature 

S ince s ire breed did no t s igni f i cantly affect  hind-limb skin 

temperature ( Table 9) the data were pooled across ·� reeds ' ' . S imilarly , 

s ince the only s ignif i cant airspeed d i fference was tha t b e tween s till  

and moving air ,  the data from lambs exposed to the 3 highes t airspeeds 

have been pooled in the calculation of the rmal c irculation indices . 

Arithmetic means of TCI and their s tandard e rrors are presented in 

Tab le 10 . 

We t lambs had s i gnificantly lower skin temperatures than dry 

lambs at all amb ient temperatures , the d i ff erence between the mean 

skin temperatures of the two groups i ncreas ing as ambient temperature 

declined (Table 9) . Among the we t l ambs , skin temperature decl ined 

very rapidly as the amb ient temperature was reduced so that  the skin 

temperature - a ir temperature grad ient var ied to only a small degree 

0 
( from 0 . 2  to 8 . 1 C ) . Conversely , the dry lambs exhib i ted a very 

slow rate of decl ine in skin temperatur e  so that their skin temperature 

0 0 
- air temperature grad ients increas ed from 3 . 1  C to 20 . 5  C as the tes t 

proceeded . The skin temperatures o f  the dry lambs were also very 

much higher than thos e  of the Merino lambs examined by Alexander ( 1 9 6 1 )  

in s imilar env ironmental conditions . 

• 

The h ind-l imb skin temperatures  o f  the dry lambs which were 

exposed to s till  air were found to �e s i�nif icantly higher ( at 

amb ient temperatures o f  1 5°C and b e low) than those of a s amp le o f  10  

Merino lambs exposed to the s ame e nv i ronment (Appendix I )  . I t  was 



TABLE 10 : 

1 1 1  

EFFECT OF WETNESS, AIRSPEED AND SEX ON THE THERMAL 
C IRCULATION INDICES OF Lru�BS AT S IX AMBIENT TEMPERATURES 

Classificat ion Thermal Circulat ion Index - Mean ± S . E .  

Nominal air temEerature (OC )  

30 . 0  2 5 . 0 20 . 0  1 5 . 0 1 0 . 0  5 . 0  

Wetnes s 

Dry ( 48 )  1 .  7 2 ±  2 . 38±  3 . 0 1± 2 . 7 4 ±  2 . 4 2 ±  2 . 52±  
0 . 30 0 . 3 3 0 . 8 1  0 . 5 1 0 . 2 7 0 . 30 

Wet ( 48)  0 . 2 7 ±  0 .  7 1 ± 0 . 6 3 ±  0 . 56±  0 . 49±  0 . 4 1 ±  
0 . 1 2  0 . 1 7  0 . 1 0  0 . 1 0  0 . 1 0  0 . 09 

AirsEeed 

S t i ll air ( 24 )  0 . 47 ±  1 . 44±  1 .  7 3 ±  1 . 80± 2 . 1 7 ± 2 . 08± 
0 . 1 8  0 . 2 6  0 . 33 0 . 32 0 . 43 0 . 49 

Moving a ir ( 7 2 )  1 . 1 7 ± 1 .  58± 1 . 8 5± 1 . 60± 1 . 2 2 ±  1 . 2 6 ±  
0 . 22 0 . 2 5  0 . 56  0 . 36 0 .  1 8  0 . 1 9 

Sex 

Male ( 4 8 )  0 . 78± 1 . 50± 1 .  96±  1 . 65± 1 .  2 5± 1 . 39±  
0 . 2 5 0 . 3 2 0 . 8 1  0 . 52 0 . 22 0 . 28 

Female ( 48)  1 .  2 1 ±  1 .  59± 1 .  69±  1 . 64±  1 .  6 7 ±  1 . 53±  
0 . 2 5  0 . 2 5  0 . 2 6  0 . 22 0 . 2 7 0 . 2 6  

• 
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considered that this difference arose because a subs tantial pro-

por t ion of  the dry Romney and Drysdale-Romney cross lambs had failed 

to cons trict  per ipheral b lood vessels , even at the lowes t amb ient 

temperature . 

A s imilar conclus ion may be  drawn from the results presented in 

Table 9 .  The s ignif icant effect  of we tness on skin temperature 

canno t have been due solely to a greater rate of temperature equili-

bration in  the vasoconstricted limbs o f  the we t lambs compared with 

those tes ted when dry . Rather , the very high skin temperatures o f  

the dry lambs are cons is tent with the ir having f ailed to fully con-

strict  peripheral b lood vessels , desp i te the fact that they were 

0 
apparently in the cold zone at  amb ient temperatures below 20 C .  

Among the we t lamb s , however , the more r ap id decline in skin tempera-

ture (as ambient temp erature declined) was compatible with peripheral 

vasocons triction having been f ully employed . Thus it  appears that  

some Romney and Drysdale-Romney cross lambs may require a severe cold-

s tress to s t imulate p eripheral vasocons tr i c t ion . I t  is  also clear 

that , in these l amb s , the onset  of cold-induced thermogenes is is no t 

always accompanied by a maximal reduc tion in b lood flow to the peri-

pheral tissues . 

Nei ther airspeed nor s ire breed exer ted a s ignif i cant e f f e c t  on 

h ind-limb skin temperature at the h igher amb ient temperatures . This 

is again cons i� tent with the view that  l ambs do not employ per ipheral 

vasocons tric t ion as soon as they enter the cold zone , par t icularly 

s ince the Romney lambs appeared to a t tain their lower critical 

temperature at a highe� ambient temperature than the Drysdale-cross 

lambs . Hence the effects o f  airspeed and s ire  breed on the level of  



cold-s tress experienced by the lamb may have been too small to 

induce dif ferences in peripheral vaso cons tric tion which could be 

detec ted by the measurement of  skin temperature . The s ignificant 

1 1 3 

effect  of  airspeed at the lower amb ient temperatures may have been 

due , not to differences in the t iming of peripheral vasocons triction , 

but r ather to an effect  o f  air movement on the rate at which l imb 

temperature equil ibrated with the env ironment in those lambs which 

had cons tric ted peripheral b lood vessels . 

At the highes t amb ient temperature , female lambs exhibi ted 

s ignificantly greater skin temperatures · than males , despite  there 

being no dif ference between the sexes in metabolic rate . At the 2 

lowes t amb ient temperatures , female l ambs also exhib ited higher skin 

temperatures than males , but only when the lambs were dry . These 

interactions may ind icate that the female lambs cons tricted peripheral 

b lood vessels to a lesser extent than did the males , but it is no t 

c lear why this difference should have been apparent only at the 

extremes of the temperature range . 

The thermal circulation ind ices ( Table 10)  add l i t tle to the 

interpre tation of changes in s kin temperature . Among the dry lamb s , 

TCI increased as amb ient temperature declined which is again con­

s is tent with the view tha t  mos t  of  these lambs had not experienced 

peripheral vasocons triction . Conversely the TC I values o f  the wet 

lambs declined s lowly with amb ient temperat ure but  did not exhib i t  

sudden reductions which are cons idered t o  b e  indicative of peri-

pheral vasocons triction . This was p resumab ly because mos t o f  these 

lambs had experienced cons trict ion of the peripheral b lood vessels 

prior to the ons e t  o f  the tes t .  



4 .  Metabolism of lambs in relation to summit conditions 
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One o f  the maj or aims o f  this expe r iment was to es tab lish the 

relationships b e tween the level of hea t production required by the 

lamb to maintain body temp erature , and cer tain phys ical and phys io­

logical charac teris tics such as b ir thcoat dep th and body temperature . 

Ideally this was to be  done at  the lowes t  amb ient temperature when 

the lambs were being s ubjected to the mos t  severe level of cold-s tress 

available . However ,  in order to satis fac tor ily accomp lish this aim, 

it was f irs t necessary to identify those lambs which were likely to 

have attained summit me tabolism , and so were  likely to introduce 

errors into regress ion analyses involving heat production . S ince 

the mean me tabolic rates of the we t lambs were in the lower half of 

the range of Romney summit me tabolic  rates ( Figure 4) i t  was likely 

that a few of these lambs , and part icularly the Romneys ,  would also 

have attai ned summit metabolism . 

The assessment of  whether or no t each lamb had at tained summit 

me tabolism was based on the lamb ' s es t imated rate of  change in rec tal 

temperature when the amb ient temperature was reduced from 10°C to 5°C .  

The interval between the measurement o f  rec tal temperature at  each of 

these amb ient temperatures was assumed to b e  25 minutes (which for 

individual lambs would have been accurate to within ± 5 minu tes ) . 

Lambs were cons idered to have attained summit metabolism if  they 

exhib ited a rate of decline in rectal temperature greater than 

0 . 025°C min
- l 

over th is period (Alexander , 1 962b) . The validity o f  

using this "cut-o f f  point" i n  the rate of  decline i n  rec tal tempera­

ture will be  discussed further in Chap ter V (which describ es an 

experiment in wh ich a greater p ropor t ion of the lambs appeared to 
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have attained s ummit metabolism than was the case here) . For  the 

purposes of  this experiment , account was also taken of the degree to 

which the lamb increased its metabolic rate when the amb ient tempera-

ture was reduced f rom 10°C to 5°C .  

A total o f  1 2  lambs (9  Romneys and 3 Drysdale-crosses) exhib ited 

rates of  decline in rectal temperature greater than 0 . 0 25°C min
- l 

when 

the ambient temperature was reduced over this range . Five of the 

0 0 
Romney lambs had rec tal temperatures o f  39 . 5  C or greater at  5 C 

amb ient temperature . In  view o f  the apparent "over-compensation" 

effect  which occurred in the rec tal temperatures of  the we t lambs , i t  

is doub t ful whe ther these 5 lambs had i n  fac t at tained summi t me tabol-

ism . Furthermore , all of  them exhib i ted subs tantial increase s  in 

me tabolic rate when the amb ient temperature was reduced f rom 10°C to 

5°C ,  in contras t to the remaining 7 lambs wh ich showed lit tle o r  no 

change in metabolic rate . Thus , at the lowes t ambient temperature , 

only 7 o f  the lambs (4  Romney , 3 Drysdale-cross)  were cons idered to 

have attained s ummit me tabolic rates . The decis ion was therefore 

made to analyse the relationships between heat p roduc tion and o ther 

parameters at  this amb ient temperature while  accep ting tha t  in a f ew 

lambs heat p roduc tion would be  related not to the rate of  body heat 

loss but  to ind ividual limi tations in body heat p roduct ion . As an 

added p recaution these relationships were analysed before and af ter 

the exclus ion of the lambs cons idered to have at tained summit 

me tabolism. Where important differences o ccurred between these 

analyses they h ave been repor ted . 



Part I I  Relationships Between Heat  Production at  5°C Amb ient 
Temperature and O ther Characteris tics of the Lamb 
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This sect ion of  the resul ts is  p r imarily concerned with identi-

fying some characteris tics of the lamb which af fect  the level of  heat 

produc t ion tha t  it  requires to maintain body temperature .  Relation-

ships betwee n  heat production and these charac terist ics were examined 

by analysis o f  covariance at the lowe s t  amb ient temperature . However ,  

in order to interpret these analyses i t  was f irs t necessary to ident ify 

treatment e ffects on the independent variable ( e . g .  b i r thcoat dep th) . 

Where approp riate , the analysis of  variance for the independent 

variable is presented before cons iderat ion is given to i ts relation-

ship with heat production . 

A number o f  the characteris tics examined were found to be  

s ignif icantly related to heat produc tion , so suggesting the pos s ib il i ty 

that  they migh t  have been interdependent in their control o f  the 

me tabolic  respons e  to cold-s tress .  This hypo thes is was also examined 

for  certain o f  these charact�rs , par t icular ly those concerned with 

b ir thcoat insulation, bodyweigh t and ges tation length . 

1 .  Age of  the lamb 

0 
The overall regress ion coe f ficient o f  heat production at 5 C 

- 1  - 1  
ambient temperature on age was b = -0 . 0 7  ± 0 . 55  W kg hr which was 

not s ignificant ( t
94 

= 0 . 1 3 ,  NS . ) . Thus across all t reatments , and 

over the range of ages involved ( 1  to 30 hours ) , the level o f  heat 

p roduction required by the lamb to maintain body temperature was 

independent o f  age at the commencement o f  the tes t . However , the 

with in-s ire breed regress ions were s ignif icantly heterogeneous 

(Table 1 1 ) ,  me tabolic rate being related to age in the Drysdale-c ross 
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TABLE 1 1 :  TEST OF  HOMOGENEITY OF THE WITHIN-CLASS ( S IRE BREED ) 
REGRESS IONS OF HEAT PRODUCT ION AT 50C AMBIENT TEMPERATURE 
ON AGE OF THE LAMB 

Anal,l:':s is o f  Covariance 

Source of Var iat ion d .  f .  Mean Sguare F 

Main ef fects model (Tab le 7 )  28 49 . 34  

Intra-class ( s ire breed) 2 1 5 . 42 4 . 03* 
regress ion of heat production 
on age 

Pooled wi thin-class 1 8 . 57 2 . 24 NS 

D i f f erence 1 22 . 2 7 5 . 82 *  

Residual error 65  3 . 8 3 
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lambs (b = -0 . 1 7 ± 0 . 0 6  W kg
- l 

hr
- 1

, t4 1  = 2 . 8 2 ,  P< . O l )  but no t in 

the Romneys (b  = 0 . 0 2  ± 0 . 05 W kg
- 1  

hr 
- 1  

t
5 1  

0 . 34 ,  NS . ) . 

The tendency for metabolic rate to decline wi th increas ing age 

among the Drysdale-crosses appears to have been due to a superior 

b ir thcoat insulation in the older lambs . In this "breed" , b ir thcoa t  

dep th a t  the mids ide and h i p  s i tes was pos i tively and s igni f ican tly 

correlated with age ( r  = 0 . 36 and r = 0 . 37 respectively , both P < . 05 ) . 

Among the Romney lamb s , no such association exis ted . As will b e  

demons trated later , the b irthcoat dep th o f  the Drysdale-cross lambs 

was reduced by we t t ing , but  this did no t oc cur among the Romneys . 

The tendency for coat dep th to increase with age only in the Dry sdale-

cross lambs may there fore have been a func t ion of age-related dry ing 

of the coat . Among the dry lambs this would have lead to a direct 

e f fect  on coat depth while the older we t lamb s , whose coats had dried 

to a greater extent before they were immersed in water , may have 

suffered a lesser  reduction in coat dep th as a result of this treat-

ment . Thus the comb ined ef fec ts o f  the increased coat dep ths in the 

older Drysdale-cross lambs , and the lower requirement for body heat 

produc t ion wh ich occurred as a resul t o f  this greater depth (see  

"Charac teris t ics of  the b ir thcoat") were l ikely to have been respon-

s ible for the reduced me tabolic  rates in these lambs as they aged . 

2 .  Body temperatures 

(a) Rec tal temp erature 

The overall regress ion coe f ficient of h eat production on rec tal 

o - 1  oc- 1  
temperature a t  5 C ambient temperature was b = 0 . 80 ± 0 . 36 W kg 

which was s ignif icant ( t
9 4  

= 2 . 25 ,  P < . 0 5 ) . Hence metabolic rate was 

related to rec tal temperature even in lambs which had generally no t 
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attained summit metabol ism . This result  contras ts markedly with 

those o f  Alexander  ( 1 962b) . However , the s ignificance o f  this 

regress ion was apparently due to the e f fe c ts of s ire breed and wet ting 

on b o th me tabolic  rate and rectal temperature . Having taken account 

of  these treatment effects , the p ooled with in-class  regress ion was not 

s ignif i cant ( Table 1 2) . 

The within- s ire breed regress ions o f  heat produc tion on rec tal 

temperature were s ignificantly heterogeneous ( P < . OO l ,  Table 1 2) . 

Among the Romney lambs heat p roduction was independent o f  rec tal 

- 1  0 - 1  
temperature ( b  = -0 . 34 ± 0 . 24 W kg C , t

S 1  
= 1 . 4 2 ,  NS . )  whereas 

among the Drysdale-crosses a s trong pos i t ive relat ionsh ip exis ted 

- 1  0 - 1  
( b  = 1 . 34 ± 0 . 34 W kg C , t

4 1  = 3 . 94 , P < . 00 1 ) . However ,  the 3 

Drysdale-cross lambs which at tained summit me tabol ism at  S°C amb ient 

0 
temperature , and whose re·ctal temperatures fell to about 3 6  C ,  were 

primarily respons ible for the s ignif icant relationship within the ir 

"breed " . Thes e  lambs were also characterised by par t i cularly low 

b 1 .  S°C b "  me ta o �c rates at am �ent temper ature . When they were excluded 

from the analysis , the correspond ing within-s ire breed regres s ions o f  

heat p roduct ion o n  rectal temperature were b 
- 1  0 - 1  

-0 . 32 ± 0 . 24 w kg c ' 

W 
- 1  0 - 1  

t
S 1  

= 1 . 33 ,  NS . (Romney) and b = 0 . 58 ± 0 . 4 7  kg C , t
38 

= 1 . 23 ,  

NS . (Drysdale-cross) . Hence af ter the exclus ion of these lamb s  

there was no s ignificant relationship b e tween heat p roduc tion and 

rec ta l  temperatur e ,  a result which would normally be expected i n  

lambs which are no t severe ly hypo thermic (Alexander , 1 9 6 2b ) . I t  

should b e  mentioned that 2 Romney lambs also exhibi ted very low 

0 
rectal temperatures ( 35 to 3 6  C )  but  these were no t associated with 

excep t ionally l ow metabolic rates as was the cas e  with the few 

Drysdale-cross lambs . This would sugges t that the Romney lambs whi ch 



TABLE 1 2 :  TEST OF HOMOGENEITY OF THE WITHIN-CLASS (S IRE BREED ) 
REGRESSIONS OF HEAT PRODUCT ION ON RECTAL TEMPERATURE 
AT 5°C &�B IENT TEMPERATURE 

Analzs is of Covar iance 

Source of Var iat ion d .  f .  Mean Sguare 

Main effects model (Tab le 7 )  2 8  49 . 34 
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F 

Intra-class ( s ire breed ) 2 2 8 . 7 0  8 . 40*** 
r egress ion of heat product ion 
on rectal t emperature 

Pooled within-class 1 6 .  7 7  1 .  9 8  NS 

Difference 1 50 . 62 1 4 . 80*** 

Res idual error 6 5  3 . 42 
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at tained summi t  metabolism did so primarily because they experienced 

high rates of body heat loss rather than because of poor summi t  

me tabolic rates ( their leve l of  heat produc t ion a t  5°C amb ient 

- 1  
temperature be ing 1 4 . 9  to 1 6 . 0  W kg ) . Conversely , the 3 D rysdale-

cross l ambs which attained summit me tabolism had much lower met abolic 

- 1  
rates ( 9 . 8  to 10 . 3  W kg ) a t  the s ame amb ient temperature which was 

likely to have been the maj or fac tor in their  rap id rate of decline 

in rectal temperature . This dif ference may also explain why a 

s imilar proportion of  the Romney and Drysdale-cross lambs exh ib i ted 

rates of decl ine in rectal temperature cons is tent wi th their having 

attained s ummi t  metabolism, despite  the apparently superior  b i r thcoat 

insulat ion of the lat ter group . 

(b)  Hind-l imb skin temperature 

The e f fec ts of various components of  the thermal environment on 

the hind-limb skin temperatures of  these lambs have been examined in 

an earlier  sec tion of this chap ter . Those analyses sugges ted that a 

subs tantial p ropor tion o f  the dry lambs had no t experienced peripheral 

vasocons trict ion but that the we t lambs had done so . This d i f ference 

is in turn likely to af fect the interp re tation of relationships 

between the l amb ' s s kin temperature and the level of  heat produc tion 

which i t  requires to maintain body t emperature . 

The overall regression coe f f ic ient o f  heat produc t ion on skin 

- 1  0 - 1  
temperature was b = -0 . 25 ± 0 . 04 W kg C which was highly 

s ignif icant ( t94 = 6 . 8 6 , P< . 00 1 ) . This relationship presumably 

derives f rom the common effects of environmental treatments on b o th 

skin temperature and metabolic rate . In particular the very low 

skin temperatures and high metab o l i c  rates of the we t lamb s , comp ared 
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with those tes ted when dry , would have contributed to the negative 

s lope o f  this regress ion . 

As Table 1 3  indicates , the within-we tness regress ions of  heat 

production on skin temperature were s ignif icantly (P< . 0 1 ) he tero-

geneous . Among the dry lamb s , heat produc t ion was independent o f  

- 1  0 - 1  
skin temperature ( b  = 0 . 05 ± 0 . 04  W kg C , t

4 6  = 1 . 25 ,  NS . )  while 

among the we t lambs the relat ionship was again s trongly negat ive 

- 1  0 - 1  
(b = -0 . 23 ± 0 . 08 W kg C , t

46  
= 2 . 7 1 ,  P < . O l ) . The i ndependence 

of heat produc tion and skin temperature within the dry lambs is to be  

expected s ince many o f  these lambs had apparently failed to cons trict  

peripheral blood vess els comp le tely (65%  o f  them , for example , had 

0 
skin temperatures greater than 25 C at the lowes t amb ient temperature) .  

Thus the maj ority o f  them had failed to derive any insulative ad-

vantage from reducing b lood f low to the periphery . 

Among the we t l ambs , heat produc t ion was negatively related to 

skin temperature . Had low skin temp eratures been indicat ive o f  a 

more intense vasocons tric t ion , i t  might have been expected that  this 

would result in an improved t issue insulat ion and therefore in a 

lesser requirement for  body heat product ion . In this s ituation , low 

skin temperatures would have b een associated with a low , rather than 

a high metabolic  rate . As the negative regress ion coe f f ic ient 

demons trates , this was no t the cas e . However ,  this relationship 

may ind icate tha t  b o th the rate of  body heat loss and the rate at  

which skin temperature equilib rates with the environment are affec ted 

by phys ical charac teris tics of  the lamb s uch as coat insulation . 

For examp le ,  i f  l ambs with a poor b ir thcoat insulation also had a 

poor coat cover on the limbs , they migh t be  expec ted to have a high 



TABLE 1 3 :  TEST OF HOMOGENEITY OF THE W ITHIN-CLASS (WETNES S )  
REGRESSIONS OF HEAT PRODUCTION O N  HIND-LIMB SKIN 
TEMPERATURE AT 5°C AMB IENT TEMPERATURE 

Anal�s is of Covariance 

Source of Variat ion d .  f .  Mean S9.uare 

Main e ffects model (Tab le 7 )  2 8  4 9 . 34 

F 

Intra-class (wetness)  2 1 7 . 80 4 . 7 5* 
regres s ion of heat product ion 
on skin temperature 

Pooled wi thin-class 1 0 . 1 7  

D ifference 1 35 . 42 

Res idual error 65 3 . 7 5 

1 2 3  

0 . 05 NS 

9 . 4 5** 
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rate o f  body heat loss ( and hence a high metabolic rate) in add i t ion 

to a mor e  rap id equilibrat ion of  limb temperature with the environment . 

Alterna t ively the coat cover o f  the l imbs may affect the degree to 

which thermoreceptors in the skin are s t imulated by a cold environment 

and so influence the intens i ty of per ipheral vasocons tr ic tion . 

hyp o thes es will be examined fur ther in Chap ter V .  

3 .  Characte r is t ics of  the b ir thcoat 

(a )  Depth of  b irthcoat a t  the hip  pos i t ion 

( i) Treatment effects on hip coat dep th 

These 

An analys is of the ef fects of s ire breed , sex and wetness 

on birthcoat dep th at  the hip pos i tion is presented in Table 1 4 . 

As expec ted , the maj or  source o f  var iat ion in coat dep th was the 

breed of s ire , Drysdale-cross lambs having a coat approximately 

twice as deep as tha t  o f  the Romney lambs . 

We t ting produced a s i gnif i cant reduc t ion in the birthcoat 

dep ths of the Drysdale-cross lambs but only a small and non-

s i gnificant reduc t ion in the dep th o f  the Romney coats . This 

resul t  is in general agreement with those from the prel iminary 

s tudy of lamb skins ( Chap ter I I ) . I t  s eems likely that  these  

interac tions arise because the halo hairs are more sens i tive to 

a reduction in dep th assoc iated with we tting than are the r emain-

ing fibres of the b ir thcoa t . 

( ii )  Heat Production and hip coat dep th 

At 5°C amb ient temp erature , the overall regress ion eo-

e f ficient of  heat produc tion on hip coat dep th was b = -0 . 29 ± 0 . 0 7  

- 1  1 
W kg mm- which was highly s ignificant ( t94 

= 4 . 36 ,  P < . 00 1 ) . 

The magnitude of this regress ion sugges ts that much o f  the d i f fer-
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TABLE 1 4 :  EFFECT OF S IRE BREED, WETNESS,  SEX AND BODYWEIGHT ON 
HIP BIRTHCOAT DEPTH 

C las sif icat ion 

We tnes s 

Dry 

Wet 

Dry and Wet 

Sex 

Male 

Female 

1 4 . 9  ± 0 . 4  

1 4 . 6  ± 0 . 5  

Source o f  Variat ion 

S ire Breed (Breed) 

Wetness (We t . ) 

Sex 

Breed x We t .  

Breed x S ex 

Wet .  x S ex 

Breed x Wet .  x Sex 

Error 

Hip Birthcoat Depth (mm) Mean ± S . E . 

Romney 

1 0 . 5 ± 0 . 6
a 

( 2 6 )  

9 . 5  ± 0 . 6
a 

( 2 7 )  

10 . 0  ± 0 . 4 
( 5 3 )  

(48)  

(48 )  

S ire b reed 

Drysdale 

2 1 . 4  ± 0 . 7
c 

( 2 2 )  

1 7 . 7 ± 0 .  7b 

( 2 1 )  

1 9 . 5  ± 0 . 5 
( 4 3 )  

Analys is of Variance 

d .  f .  Mean Square 

1 2 0 79 . 1 9  

1 1 1 5 . 82 

1 2 . 3 3 

1 42 . 0 1  

1 8 . 39 

1 0 . 3 2  

1 1 1 . 59 

88 9 . 50 

Bo th Breeds 

1 5 . 9  ± 0 . 4 
( 48)  

1 3 . 6 ± 0 . 5  
( 48)  

F 

2 1 8 . 99*** 

1 2 . 20*** 

0 . 2 4 NS 

4 . 4 2 *  

0 . 88 NS 

0 . 03 NS 

1 . 22 NS 

. . .  / cont inued 



TABLE 1 4 ,  continued 

Analys is of Covariance 

Source of Variat ion 

Main effects  model ( ab ove)  

Intra-class ( s ire breed)  
regress ion o f  hip  coat 
depth on body weight 

Pooled within-c lass 

Dif ference 

Res idual error 

d .  f .  

7 

2 

86  

Mean Square 

3 4 1 . 2 8 

3 7 . 90 

1 49 . 6 3 

1 2 6 . 1 8  

8 . 83 

1 2 6  

F 

4 . 2 9 *  

5 . 62*  

2 . 96t  
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ence i n  metabolic r ate between the Romney and Drysdale-cross 

lambs can be accounted for by their dif ferent bir thcoat dep ths . 

The pooled with in-class regress ion coefficient of  heat pro-

duction on coat dep th at this pos i t ion was signif icant only at 

the 10% level ( Table 15)  with a value b = -0 . 14 ± 0 . 08 W kg
- 1  

- 1  
mm Al though the within-s ire b reed regress ions were no t 

s ignificantly d i f ferent at  the 5 %  level , this difference approach-

ed s igni f icance for all 3 birthcoat charac teris t ics measured and 

is likely to represent a real e f fe c t . Among the Romney lambs 

1 - 1  the regress ion slope was b = -0 . 38 ± 0 . 16 W kg
-

mm which was 

s ignif icant ( t5 1  = 2 . 4 2 ,  P< . 05 ) . The magnitude o f  this s lope 

is such that lambs wi th the highest hip birthcoat dep ths en-

countered among the Romneys ( 18mm) would require , on average , 

- 1 
4 . 2  W kg less heat product ion to maintain body temperature than 

lambs with the lowes t coat dep ths ( 7mm) . This difference is 

approximately 25% of  the mean summit metabolic rate measured in 

Chap ter I l l  and s o  is of  cons i derab le practical importance . 

Among the D rysdale-cross lamb s , heat product ion was apparently 

independent of  coat dep th , the regress ion coe f f ic ient b e ing 

- 1  - 1  
b = -0 . 0 6  ± 0 . 10 W kg mm ( t4 1  

= 0 . 5 9 , NS . ) . However ,  when 

the regress ion l ines for the two "breeds " were cons idered to-

gether ,  there was some evidence of a curvilinear relationship 

between heat p roduc tion and hip coat dep th . The presence o f  

curvi linearity was tes ted for b y  f i tt ing the linear and quadratic 

terms in the regress ion of  heat p roduction on coat dep th after a 

model exclud ing the "sire b reed" main effect . As is shown in 

Table 1 6 , the quadratic term was s ignif icant ( P < . 05 )  when f i t ted 



TABLE 1 5 :  TEST OF HOMOGENE ITY OF THE WITHIN-CLASS (S IRE BREED) 
REGRESSIONS OF  HEAT PRODUCTION AT 50C AMBIENT 
TEMPERATURE ON HIP BIRTHCOAT DEPTH 

Analysis of  Covariance 

Source of Var iat ion d . f .  Mean Square 

Main ef fects model (Tab le 7 )  2 8  49 . 34 

F 

Intra- clas s (sire breed ) 2 1 2 . 1 9  3 . l lt 
regress ion of  heat product ion 
on hip coat depth 

Poo led wi thin-class 1 1 2 . 24 

D i f f erence 1 1 2 . 1 4  

Res idual error 65 3 . 92 

1 28 

3 . 1 2t 

3 . 09t 



TABLE 1 6 :  TEST OF CURVILINEARITY I N  THE RELATIONSHIP BETWEEN 
HEAT PRODUCTION AT 5oc AMBIENT TEMPERATURE AND HIP 
BIRTHCOAT DEPTH 

Analysis of Covariance 

Source of Variation 

Wetness (Wet . )  

Airspeed (As p . )  

Sex 

Wet . x Asp . 

Wet .  x Sex 

Asp .  x Sex 

Wet . x Asp . x Sex 

Pooled within- c lass regression 
of heat produc t ion on hip coat 
depth : 

Linear t erm 

Quadrat i c  term 

Res idual error 

• 

d .  f .  Mean Square 

1 1 206 . 36 

3 4 . 99 

1 6 . 2 2  

3 2 . 50 

1 0 . 2 4  

3 4 .  7 7  

3 2 . 46 

1 95 . 85 

1 1 7 . 55 

7 8  3 . 7 3 

1 29 

F 

3 2 3 . 7 9*** 

1 .  34 NS 

1 .  6 7  NS 

0 . 6 7 NS 

0 . 06 NS 

1 .  28 NS 

0 . 66 NS 

2 5 . 7 3*** 

4 . 7 1* 
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after the linear term, ind icat ing that the gain in insulation per 

uni t  o f  dep th declines as hip b irthcoat dep th increases . This 

e f fect occurs partly b ecause the sur face area of the coa t , which 

is presented to the cold environment , increases with coat dep th . 

S ince a greater surface area predisposes to high rates o f  heat 

trans fer f rom the coat to the environment ,  coat insulat ion is not 

directly proportional to dep th (Blaxter , 1 9 6 2 ) . Furthermore , 

the halo hairs , al though sparsely distributed in the coat , p ro-

trude from it and determine its  dep th in the Drys dale-cross 

lambs . A unit dep th o f  the "outer coat" formed by these 

f ibres is therefore expected to p rovide less insulation than a 

co rresponding dep th o f  the more dense Romney coat . The magnit ude 

o f  the partial regress ion coe f ficients for the linear and quad­

- 1  - 1  
ratic terms ( b  = -0 . 60 ± 0 . 20 W kg mm and b = 0 . 0 10 ± 0 . 006 

- 1  - 2  
W kg mm respec t ively) ind icates that maximum coat insulation 

would b e  achieved at a coat dep th o f  approximately 30 mm . 

The within-wetness regress ion coe fficients o f  heat produc t ion 

at  5°C amb ient temperature on hip b irthcoat dep th were no t found 

to be s ignificantly heterogeneous . Thus i t  appears that the 

amount o f  insulation provided by a unit dep th of coat is s imilar 

in both wet and dry coats . Any effects o f  wet ting on the 

insulation provided by the b irthcoat mus t  therefore have been 

mediated through a change in coat dep th , this be ing mos t pro-

nounced in the Drysdale-cross lambs . Similarly the within-

airspeed regress ions o f  heat production on coat dep th had 

homogeneous slopes which reinforces earlier conclus ions that the 

available airspeeds were no t sufficiently high to  penetrate the 

coat s t ructure . 
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( ii i )  Hip coat dep th ,  bodywe ight and ges tation length 

It will be no ted f rom the analysis of covariance in Table 

14 that the pooled within-class regress ion coefficient of hip 

b irthcoat dep th on lamb bodyweight was s ignif icant (P< . 05 ) . 

- 1  
The magnitude o f  this coe f f icient (b = 0 . 9 6  ± 0 . 4 1  mm kg ) 

indicates tha t ,  at  this pos i t ion , heavier lambs bene f i t  by 

approximately 1 mm coat dep th (or 10% of the mean Romney coat 

dep th) per extra kg of bodyweight . Thus heavy lamb s  may be  

favoured by  an  improved coat  insulation as  well as by  surface 

area cons iderat ions . 

Al though the within-sire breed regress ions o f  coat dep th on 

bodyweight were heterogeneous only at  the 10% level ( Table 1 4 ) , 

the difference again app roached s ignificance for all 3 birthcoat 

characteris t ics measured and so may represent a real e f fect . 

Among the Romney lambs , hip coat dep th was independent o f  body-

wei gh t  (b  = 0 . 4 3  
- 1  ± 0 . 50 mm kg , t

5 1  
= 0 . 86 , NS . )  whereas among 

the Drys dale-cross lambs a s t rong relationship was evident 

- 1  
(b  = 1 . 88 ± 0 . 6 7  mm kg , t4 1  = 2 . 80 , P < . 0 1 ) . Apparently coat 

dep th was , in the Drysdale-cross lambs , mo re sens itive to body-

weigh t  ( and pos s ib ly also to the level o f  p re-natal nutrition 

rec e ived by the lamb ) , desp ite there be ing no s ignificant e f fe c t  

o f  s ire breed on  bodyweight (Table 3 1) . This d i fference may 

reflect  the greater rate o f  wool growth , and hence the greater 

nut r i t ional demand for wool product ion , in the Drysdale-cross 

lambs during the late gestation period . 

The overall regress ion coef f icient o f  h ip b irthcoat dep th on 

- 1  
ges tation length was b = 0 . 15 ± 0 . 26 mm day ( t

9 4  
= 0 . 59 , NS . )  
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and the pooled w i th in-class regression was s imilarly non-

s igni f icant (Tab le 1 7 ) . No r were the regress ion s lopes s igni f i-

cantly different b e tween the s ire breeds ( Table 1 7) . Hence there 

was apparently no relationship be tween coat depth and ges ta t ion 

length , despite ges tation length being s ignificantly related to 

bodyweigh t  ( to be discussed later) . This result p robably 

indicates that the slightly s uperior coat dep ths of heavier 

lambs derive from common e ffects of p re-natal nutr it ion . S ince 

birthweight is mo re sens i t ive to variation in p re-natal nutri t ion 

than is ges tation length ( Thomson and Thomson , 1948-49 ; Taplin 

and Everit t ,  1964) , small differences in the level of  p re-natal 

nut r i t ion received by the lambs may have lead to correlated 

effects on b irthcoat development and b irthweight , but no t on 

ges tation length . Conversely , i t  seems reasonable to expect  

that , had the lambs been s ubj ected to  a severe nutritional s t ress 

in utero , a relationship b etween coat dep th and gestation length 

might also have been apparent . 

Alexander ( 1964 )  has sugges ted that poor pre-natal nutrition 

of lambs is likely to reduce the insula t ive value of their b irth­

coats and so increase the ir s us cep tib il i ty to death by s tarvat ion 

and exposure . The results f rom this s tudy would seem to confirm 

that suggest ion s ince they show that , even where l ambs are ade­

quately fed in utero , and have good mean b irth weights , small 

lambs may s till be  disadvantaged by poor coat dep th . This 

e f fe c t  is likely to be mos t  s t rongly exp ressed in lambs which are 

gene t ically predisposed to producing very deep coats . 

J 
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TABLE 1 7 :  TEST OF HOMOGENEITY OF THE WITHIN-CLASS (S IRE BREED) 
REGRESS IONS OF HIP B IRTHCOAT DEPTH ON GESTATION LENGTH 

Analys is of  Covar iance 

Source of Variat ion d .  f .  Mean Sg,uare F 

Main ef fects model (Table 1 4 ) 7 34 1 . 2 8 

Int ra-class ( s ire breed) 2 1 4 . 7 4  1 .  5 7  N S  
regression o f  h ip coat depth 
on ges tat ion length 

Poo led within-class 1 22 . 16 2 . 36 

Dif ference 1 7 . 32 0 . 78 

Res idual error 8 6  9 . 3 7 

NS 

NS 



( b )  Dep th o f  b ir thcoat at  the mids ide pos i t ion 

( i) Treatment e ffects on midside coat dep th 

1 34 

The effects  o f  s ire b reed , we tness and sex on b irthcoat dep th 

a t  the mids ide pos ition were s imilar to those at the hip s it e . 

Both s ire b reed and wetness exerted signi f icant effects on mid-

s ide coat dep th ,  and the reduction in dep th upon wet ting was mos t 

pronounced in the Drysdale-cross lambs (Table 18) . In fact the 

only maj or d i f ference between the two pos itions was in the degree 

to which the wet ting treatment reduced coat dep th . At the hip 

site , wett ing produced a 1 7 %  reduct ion in depth while a t  the mid-

s ide pos it ion a 25% reduction occurred . The greater reduc t ion 

at  the lat te r  s ite  was also associated with a greater dry coat 

dep th and thus re inforces the view that deeper coats may be  more 

sens itive to the effects of we tt ing . Sex o f  the lamb did not 

s ignificantly a f fe c t  its  coat dep th at e i ther o f  the 2 pos i tions 

examined . 

( ii) Heat p roduc t ion and mids ide coat depth 

The overall regress ion coe f f ic ient of  heat product ion at  5°C 

amb ient temperature on mids ide coat dep th was b = -0 . 26 ± 0 . 05  

- 1  1 
W kg mm- whi ch was o f  the same magni tude and significance 

( t94 = 4 . 89 , P < . 00 1 )  as the equivalent relat ionship for hip coat 

depth . S imilarly , the pooled within- c lass regress ion coe f f icient 

- 1  - 1  
( b  = -0 . 1 3 ± 0 . 06  W kg mm ) was virtually identical i n  s lope 

to that for hip coat dep th but was more highly s ignif icant 

(P< . 05 ,  Table  1 9 ) . The within-s i re b reed regress ions were again 

s ignif icantly different only at the 1 0 %  level , being 

- 1 - 1  
b = -0 . 4 7  ± 0 . 1 7 W kg mm ( t

5 1  
= 2 . 7 1 ,  P < . 05 )  and 
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TABLE 1 8 :  EFFECT O F  S IRE BREED, WETNES S ,  S EX AND BODYWEIGHT ON 
MIDS IDE BIRTHCOAT DEPTH 

C lass ifica t ion Mids ide Birthcoat Depth (mm) Mean ± S . E .  

Romney 

Wetnes s 

Dry 1 0 . 6  ± 0 . 8
a 

( 2 6 )  

We t 9 . 3  ± 0 . 8a 

( 2 7 )  

Dry and We t 10 . 0  ± 0 . 5  
( 5 3 )  

Sex 

Male 1 5 . 1 ± 0 . 6 ( 48)  

( 48) Female 1 6 . 4 ± 0 . 6 

Analys is 

Source of Variation 

S ire Breed (Breed) 

Wetness (Wet . )  

Sex 

Breed x Wet .  

Breed x Sex 

Wet .  x Sex 

Breed x Wet . x Sex 

Error 

S ire b reed 

Drysdale Bo th b reeds 

2 4 . 3  ± 0 . 8
c 

1 7 . 5  ± 0 . 3 
( 2 2 )  (48)  

1 8 . 2  ± 0 . 9b 1 4 . 1  ± 0 . 6 
( 2 1 )  (48)  

2 1 . 6  ± 0 . 6  
( 43 )  

of  Variance 

d. f .  Mean Sguare F 

1 3074 . 58 2 05 . 1 4*** 

1 245 . 04 1 6 . 3 5*** 

1 33 . 00 2 . 2 0  NS 

1 1 28 . 36 8 . 56** 

1 5 . 5 2 0 . 3 7 NS 

1 47 . 65 3 . 1 8 t  

1 10 . 4 7 0 .  7 0  NS 

88 1 4 . 99 

. . .  /continued 



TABLE 1 8 ,  cont inued 

Analysis of Covar iance 

Source of Variat ion 

Main e f f ects model ( above ) 

Intra-class ( s ire b reed) 
regress ion of midside coat 
depth on bodyweight 

Pooled wi thin-c lass 

D i f ference 

Res idual error 

d .  f .  

7 

2 

8 6  

Mean Square 

507 . 0 1 

4 2 . 30 

1 39 . 58 

1 45 . 02 

1 4 . 35 

1 3 6  

F 

2 . 95t 

2 . 76t  

3 . 1 4t 



TABLE 1 9 :  TEST O F  HOMOGENEITY OF THE WITHIN-CLASS (SIRE BREED) 
REGRESS IONS OF HEAT PRODUCTION AT 50C AMBIENT 
TEMPERATURE ON MIDSIDE BIRTHCOAT DEPTH 

Anal�s is of Covariance 

Source  of Variat ion d .  f .  Mean Square  

Main effects model (Table 7 )  2 8  49 . 34 

Intra-class (s ire b reed) 2 1 6 . 57 4 . 3 7 *  
regress ion of heat produc t ion 
on mids ide coat depth 

Pooled within-class 1 18 . 2 5 

Dif ference 1 14 . 89 

Res idual error 6 5  3 . 7 9 

1 3 7  

F 

4 . 82 *  

3 . 9 3 t  
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- 1  - 1  
b = -0 . 08 ± 0 . 0 7  W kg mm ( t

4 1  
= 1 . 19 ,  NS . )  for the Romney 

and Drysdale-cross lambs respectively . However ,  a tes t for 

curvilinearity in the relat ionship b e tween heat product ion and 

mids ide coat depth across b o th "b reeds " o f  lambs (Table 20)  showed 

that the quadratic  term in the regress ion was not s i gnificant . 

Thus the relationship was adequately represented by a s t raigh t  

line in contras t t o  the heat produc t ion - h i p  coat dep th relat ion-

ship which was apparently curvilinear . 

The within-wetness and within-airspeed regress ions o f  heat 

produc t ion on mids ide coat dep th were homogeneous and again these 

results are compatible with those f rom the s tudy o f  hip coat dep th . 

Similar conclusions may be drawn about the e f fects o f  we t ting and 

air movement (within the range available)  on the insulation 

af forded by a unit dep th o f  coat at  the mids ide pos it ion . 

( iii )  Mids ide coat dep th , body wei gh t  and ges tation length 

As the analysis of covariance in Table 18  indicates , the 

relationshi p  be tween mids ide coat dep th and body weigh t  was less 

s t rong than for hip coat dep th , the pooled within-class regress ion 

coefficient being s igni f icant only at  the 10% level al though the 

- 1  
slope was o f  a s imilar magnitude ( b  = 0 . 85 ± 0 . 5 2  mm kg ) to 

that for the hip s ite . The within-s ire b reed regress ion eo-

efficients were again s ignificantly different only at the 10%  

level , being b = 0 . 1 7 
- 1  ± 0 . 64 mm kg ( t

5 1  
= 0 . 27 ,  NS . )  and 

- 1  
b = 2 . 06  ± 0 . 86 mm kg ( t4 1  

= 2 . 39 ,  P < . 0 5 )  for the Romney and 

Drysdale-cross lambs respectively . 

The overall regress ion coe f f i cient o f  mids ide coat dep th on 

- 1  
ges tation length was b = -0 . 0 6  ± 0 . 32 mm day whi ch was no t 



TABLE 20 : TEST OF CURVILINEARITY IN THE RELAT IONSHIP BETWEEN 
HEAT PRODUCTION AT sac AMBIENT TEMPERATURE AND MIDS IDE 
BIRTHCOAT DEPTH 

Analysis of Covar iance 

Source of  Variation 

Main effects  model (Tab le 1 6 )  

Pooled within-class regres s ion 
of heat p roduct ion on mids ide 
coa t depth : 

d .  f .  Mean Square 

1 5  8 3 . 80 

F 

1 39 

Linear term 1 1 03 . 6 1 2 7 . 73***  

Quadratic term 1 8 . 9 5 2 . 39 NS 

Res idual error 7 8  3 . 7 4 
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TABLE 2 1 :  TEST OF HOMOGENEITY OF THE WITHIN-CLASS (S IRE BREED) 
REGRES SIONS OF MIDS IDE B IRTHCOAT DEPTH ON GESTATION LENGTH 

Analys is of Covariance 

Source of Variation d . f .  Mean Sguare F 

Main effects model (Tab le 1 8 )  7 507 . 0 1  

Intra-class ( s ire breed) 2 6 . 33 0 . 42 NS 
regress ion o f  mids ide coat 
depth on ges t a t ion leng th 

Poo led w i thin-class 1 l .  70  0 .  1 1  

Di fference 1 10 . 96 0 .  7 2  

Res idual error 86 1 5 . 1 9  

N S  

NS 
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s ignif icant ( t
94 

= 0 . 19 ,  NS . ) . The pooled within-class 

regress ion was s imilarly non-s ignificant and the with in-s ire 

breed s lopes were homogeneous (Tab le 2 1 )  . Thus the relation-

ship b e tween midside coat dep th , bodywe ight and ges ta t ion length 

appears to  have been s imilar to the s ituat ion for coat dep th a t  

the h ip s ite . 

I t  is  clear , therefore , tha t  the 2 coat depths were related 

to o ther characteris tics of the lamb in a very s imilar manner .  

As a resul t ,  i t  seems likely that the ins ulat ive value o f  the 

b irthcoat could be as adequately des cribed by measuring only one 

o f  the coat depths as by measuring b o th o f  them. This hypothes is 

will be fur ther examined when cons iderat ion is given to the 

"Relationships between the b irthcoat charac ter is t ics " . 

(c)  Mids ide wool  weight per unit area of  skin 

(i )  Treatment e f fects on midside wool weight 

The we ight of  wool  per uni t area of  skin on the mids ide was 

measured only once on each lamb s ince it was cons idered unlikely 

to vary with t ime over the f irs t 36 hours of life ( during wh ich 

the lambs were to be  tes ted) o r  with environmental treatments 

such as wetting .  The analyses for the e f fects o f  s ire breed and 

sex on th is trait (hereafter referred to as "mids ide woo l  weigh t " ) , 

and for its  relat ionships with bodywei gh t  and ges ta t ion leng th , 

were therefore performed only on data f rom the 66  lambs ( 34 

Romney , 32  Drysdale-cross) at thei r  f irs t tes t .  

As was desc r ibed earlier in this chap ter , lambs presented 

for a second tes t were re-randomized to environmental t reatment 

groups without regard to their previous t reatment , and so were 
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treated a s  being separate ind ividuals a t  each o f  the tes ts .  

Analyses for the relationsh ip be tween hea t product ion and mid-

s ide wool weigh t  therefore involve all 96 "lambs " .  

The analys is o f  variance presented in Tab le 22  shows that 

the Drysdale-cross lambs had s igni f icantly (P < .00 1 )  greater mid-

s ide wool we ights than did the Romney l ambs , while d i f ferences 

between the sexes were no t s ignif icant . In  this respec t mid-

s ide wool weight was s imilar to b ir thcoat dep th . 

( ii) Heat produc t ion and mids ide woo l  weigh t  

Ne ither the overall (b = -0 . 0 1 5  ± 0 . 0 18 W kg
- 1  

mg
- 1  2 

cm , 

t94 
= 0 . 90 ,  NS . )  nor the pooled with in-c lass (Table 23 )  regress ions 

of heat p roduction �t 5°C amb ient temperature) on mids ide wool 

weigh t  were s ignif icant . However , the with in-s ire breed 

regress ions were s ignif icantly different ( P < . O S )  and the pat tern 

was s imilar to that for b irthcoat depth . Thus a s ignif icant 

relationsh ip exis ted among the Romney lambs (b = -0 . 0 7 2  ± 0 . 0 3 6  

- 1  - 1  2 
W kg mg cm , t

5 1  = 2 . 0 2 ,  P< . O S )  but  not among the Drysdale-

- 1  - 1  2 
crosses ( b  = 0 . 0 19 ± 0 . 0 14 W kg mg cm , t

4 1  = 1 . 36 ,  NS . ) . 

As with the b irthcoat depths , par t i cularly at the hip s i t e ,  there 

was some evidence of curvilineari ty in the relat ionship b e tween 

heat produc t ion and mids ide wool we igh t . This was again tes ted 

for by f i t t ing the linear and then quadratic terms in this 

regress ion after a model excluding the main effect " s ire breed" . 

The analys is o f  covar iance presented in Table 24 shows that the 

quadra t ic term was s ignif icant ( P < . 0 1 ) . I t  can be  predic ted 

from the magnitude of  the l inear and quadratic p ar tial regress ion 

- 1  - 1  2 
coef f ic ients ( b  = -0 . 1 29  ± 0 . 04 1  W kg mg cm , and 
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TABLE 22 : EFFECT OF S IRE BREED, SEX AND BODYWEIGHT ON MIDSIDE WOOL 
WEIGHT PER UNIT AREA OF SKIN : LAMBS AT F IRST TEST 

Classificat ion -2 
Mids ide Woo l  We ight/Uni t  Area (mg cm ) Mean ± S . E . 

S ire Breed 

Romney 

Drysdale 

Sex 

Male 

Female 

Source of Var ia t ion 

S ire  Breed 

Sex 

S ire Breed x Sex 

Error 

Source of Variat ion 

Main effec t s  model ( above ) 

Intra-class ( s ire breed) 
regress ion of mids ide wool 
weight on bodywe ight 

Pooled w ithin-class 

Difference 

Res idual error 

4 2 . 1 ± 4 . 0  ( 5 3 ) 

69 . 4  ± 4 . 1 ( 43 )  

52 . 2  ± 4 . 1 ( 48)  

59 . 3  ± 4 . 0  (48)  

Analysi s  o f  Var iance 

d .  f .  Mean Square 

1 1 1  983 . 2 3  

1 8 1 9 . 9 1 

1 205 . 25 

6 2  538 . 1 3  

Analys is of Covariance 

d .  f .  Mean Sguare 

3 4 1 1 3 . 04 

2 3 6 7 6 . 5 6 

1 2 5 2 3 . 37 

1 4829 . 7 5 

60  433 . 5 1  

F 

2 2 . 2 7*** 

1 .  5 2  NS 

0 . 3 8 NS 

F 

8 . 48*** 

5 . 82* 

1 1 . 14** 
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TABLE 2 3 :  TEST OF HOMOGENEITY O F  THE WITHIN-CLASS ( S IRE BREED ) 
REGRESSIONS OF HEAT PRODUCTION AT 5°C AMBIENT TEMPERATURE 
ON M ID S IDE WOOL WEIGHT PER UNIT AREA OF SKIN 

Analys is o f  Covariance 

Source of Variat ion d .  f .  Mean Sguare F 

Main effect s  model (Table  7 )  2 8  49 . 34 

Intra-class ( s ire breed ) 2 1 2 . 1 5  3 . 1 0t 
regress ion of heat produc t ion 
on midside woo l  weight 

Pooled wi thin-class 1 1 .  5 7  0 . 40 NS 

Dif ference 1 22 . 7 3 5 . 7 9* 

Res idual error 6 5  3 . 93 



TABLE 2 4 :  TEST OF  CURVILINEARITY I N  THE RELAT IONSHIP BETWEEN 
HEAT PRODUCTION AT 50C AMB IENT TEMPERATURE AND MIDS ID E  
WOOL WEIGHT PER UNIT AREA O F  SKIN 

Analys is of  Covariance 

Source of Variat ion 

Main effects mod el (Tab le 1 6 )  

Pooled within-class r egression 
of  heat produc t ion on mids ide 
wool  weight : 

L inear term 

d .  f .  Mean Square 

1 5  83 . 80 

1 1 6 . 7 7  

F 

3 .  l l t 

1 4 5  

Quadrat ic term 1 34 . 88 7 . 7 2** 

Res idual error 7 8  4 . 52 



- 1  - 2  4 
b = 0 . 000 7 ± 0 . 000 2 W kg mg cm respec tively) that  maximum 

coat insula t ion would be achieved at a mids ide wool weigh t  o f  

1 4 6  

- 2  
about 9 0  mg cm As will be demons t rated later , this approxi-

mately co incides with the coat dep th ( 30 mm) at  which the greatest  

conservation o f  body heat by  the coat was found to  occur . I t  

should also b e  no ted that  if  the partial regression coe f f ic ients 

are applied to the full range of  midside wool weigh ts in these 

-2  
lambs ( 20 to 1 50 mg cm ) , the predic ted me tabolic  rate begins 

-2 
to increase beyond 90 mg cm However ,  l i t tle c redence c an b e  

g iven to the view that very high mids ide woo l  weights pred ispose 

to a high me tabol ic rate ( i . e .  a high rate of  heat loss ) s ince 

- 2  
only 4 lambs had mids ide wool we igh ts i n  excess of  9 0  mg cm 

and some extrapolation is therefore involved . A s imilar 

s i tuation exis ted with the par t ial regress ion coe f f ic ients for  

hip coat depth . 

The within-we tness and with in-airspeed regress ions o f  heat 

produc t ion on mids ide wool weigh t were again homogeneous . In 

this respec t ,  mids ide wool we igh t was s imilar to the coat dep ths 

and it may be concluded that the insulative value of a unit o f  

mids ide woo l  weigh t  i s  not affec ted b y  we tt ing o f  the l amb or by 

air movement (with in the range of  airs peeds available in this 

s tudy) . 

( iii) Mids ide wool we igh t , bodywe igh t  and ges tation leng th 

As the analysis of  covar iance in Table 22  illus trates , the 

within-s ire breed regress ions of mids ide wool weight on l amb body-

weight were s ignif icantly (P< . O l ) he terogeneous . The relation-

ships were s imilar to those for the b irthcoat depths , mids ide 
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wool we ight being s ignif icant ly associated with bodyweight among 

- 2  - 1  
the Drysdale-cross lambs ( b  = 1 9 . 1 6  ± 6 . 60 mg cm kg , 

t 30 
= 2 . 90 , P < . 0 1 ) but not among the Romneys (b  = -2 . 40 ± 4 . 5 3  

- 2  - 1  
mg cm kg , t

3 2  
= 0 . 5 3 ,  NS . ) . However , this trait dif fers 

from the coat dep ths s ince it was the only coat charac teris t i c  

f o r  which there was s trong evidence o f  a differential "b reed" 

response to bodyweigh t  ( recall tha t ,  for the coat dep ths , the 

within-s ire breed regress ions were s i gni f icantly different only 

at  the 10% level) . While this difference b e tween the coat 

charac teris tics could ind icate that mids ide wool we igh t  is more 

sens it ive to pre-natal nutrit ion than are the coat dep ths , it is 

more l ikely to be a func tion of greater accuracy in the measure-

ment of this trait . Mids ide woo l  we ight , unl ike the coat dep ths , 

was not sub j e c t  to errors o f  measurement associated with the 

wet ting treatment . 

The overal l regress ion coef f i c ient of  mids ide wool weight on 

- 2  - 1  
ges tation length was b = 2 . 8 4  ± 1 . 4 3  mg cm day which 

approaches s ignif icance at the 5 %  level ( t64  = 1 . 99 ) . The 

pooled within-class regress ion was also significant (b = 3 . 84 ± 1 . 27 

-2  - 1  
mg cm day , P< . 0 1 )  and the within-s ire breed s lopes were homo-

geneous (Tab le 25 ) . In this respect mids ide wool �eigh t  differed 

markedly from the coat depth s ,  both of which were independent o f  

ges tation length . However ,  as is demons t rated by the ordered 

f i t t ing of the partial intra-s ire b reed regress ions o f  mids ide 

woo l  weigh t on lamb bodyweight and ges tation leng th ( Tab le 2 6 ) , 

ges tation length did not exert a s ignif icant control o f  variation 

in mids ide wool weigh t  when f i t ted after bodyweigh t . Hence i t  



TABLE 2 5 :  TEST OF HOMOGENEITY OF THE WITHIN-CLASS ( S IRE BREED ) 
REGRESS IONS OF MIDS IDE WOOL WEIGHT PER UNIT AREA OF 
SKIN ON GESTATION LENGTH : LAMBS AT FIRST TEST 

Analysis  o f  Covar iance 

Source of Variation d . f .  Mean Sg,uare 

Main effects model (Table 2 2 )  3 4 1 1 3 . 04 
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F 

Intra-class (sire breed )  2 2 595 . 88 5 . 53** 
regres s ion of mid s ide wool 
weight on gestat ion length 

Pooled within-class 1 4355 . 9 5 9 . 2 8** 

Difference 1 835 . 80 1 .  7 8  NS 

Res idual error 60 4 69 . 54 
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TABLE 2 6 :  ORDERED F ITTING OF THE PARTIAL WITHIN-CLASS ( S IRE BREED ) 
REGRESSIONS OF MID S IDE WOOL WEIGHT PER UNIT AREA OF SKIN 
ON BODYWEIGHT AND GESTATION LENGTH : LAMBS AT FIRST TEST 

Analys is o f  Covariance 

Source of Variation 

Main effects model (Table  2 2 )  

Partial intra-clas s ( sire breed ) 
regress ions of midside woo l 
weight on bodyweight ( S . WT )  and 
ges tation length ( S . GL )  

R ( S . GL/� ,  M . E . M . l ) 

R (S . WT/� ,  M . E . M . , S . GL )  

R ( S . WT/� ,  M . E . M . ) 

R ( S . GL/ � ,  M . E . M . , S . WT )  

Res idual error 

d. f .  

3 

2 

2 

2 

2 

58 

1 M . E .M .  Main effects  model (Tab le 2 2 ) . 

Mean Square 

4 1 1 3 . 04 

2 595 . 88 

1 993 . 45 

3676 . 56 

9 1 2 . 7 7 

4 1 6 . 99 

F 

6 . 2 3** 

4 . 78* 

8 . 82*** 

2 . 1 9 NS 
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would s eem that the apparent effect of  ges tation leng th was 

mediated through its  correlation with bodywe igh t .  Conversely , 

bodyweight was found to make a s ignificant contribution to the 

control of variation in mids ide wool weigh t  when f i t ted after 

ges tation length . Thus bodyweight  exer ted an effect over and 

above that associated wi th ges tation leng th ,  and in this respect  

mids ide wool weigh t  was again s imilar to  the  coat dep ths . 

Reference has been made , in this dis cuss ion , to the poss i­

b il ity that the relationships between bodyweight and the b ir thcoat 

charac teris tics were due to differences in the level of  p re-natal 

nut r i t ion received by the lambs . I n  this context the term 

"pre-natal nut r i t ion" has been used only in a very general sens e ,  

part i cularly because it i s  no t pos s ible  to p inpoint the source o f  

any such differences . For example , variation in the level o f  

p re-natal nut r i t ion received b y  the lamb might have been due to  

d i fferences in ; the amount and quali ty o f  the ewe ' s feed intake ; 

her abi lity to mob ilize body reserves and make nutrients availab le 

to the lamb ; the lamb ' s ab ility to absorb these nutrients , across 

the placenta , f rom the maternal circulation ; and in the number  

o f  foe tuses carried by the  ewe . Neve r theless , s tudies in which 

nutrit ional res t ric tions have been imposed on pregnant ewes do 

sugges t the l ikel ihood of common effects of pre-natal nut r i t ion 

on the lamb ' s b ir thweight and birthcoat development . For 

examp le ,  Taplin  and Eve r i t t  ( 19 64 )  found that Merino lambs which 

were poorly fed in utero had s ignif icantly lower mids ide woo l  

weigh ts , birthweights , and total b ir thcoat weights  than well-fed 

controls , but  that ges ta t ion length was no t affec ted by the level 

o f  p re-natal nut r ition .  



(d )  Relationships between the birthcoat charac teris t ics 
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The preced ing sec t ions o f  this chap ter have ident if ied a number 

o f  s imilarities be tween the b ir thcoat charac teris tics in the ir  

rela t ionships with o ther charac ter is t ics of  the lamb such as  body­

weigh t , ges tation length and the me tabolic  response to cold-s tres s . 

It  is  therefore important to assess the degree to which these 

characteris tics act independently in controlling the me tabolic  

response o f  the lamb , with a view to  identify ing the minimum number 

of characteris t ics which mus t  be  measured to adequately des cribe  the 

insulat ive value of the birthcoat . 

( i) Mids ide and hip coat depth 

Birthcoat depths at the mids ide and hip pos i t ion were , as 

expec ted , highly correlated both across the s ire b reeds ( r  = 0 . 88 ,  

P< . OO l )  and wi thin the "breeds" ( r  = 0 . 66 and r = 0 . 67 for  

Romney and Drysdale-cross l ambs respectively , bo th P < . OO l ) . 

The hypothesis o f  interdependence in the control o f  heat p ro­

duct ion by the 2 coat dep ths was tes ted by examining the control 

of error variance achieved by an ordered f i t ting of the par t ial 

intra-s ire breed regress ions of heat p roduction ( a t  5°C amb ient 

temperature) on hip and mids ide coat dep th . As Tab le 2 7  shows , 

l i ttle add itional control o f  error variance was achieved by 

f i t t ing the second partial intra-class regres s io n  and this was 

largely independent of the order in which the regress ions were 

f i tted . I t  may therefore be  concluded that , under the range o f  

environmental condi tions available  i n  this s tudy , the component 

of coat insulation which is related to depth may be  adequately 

described by measuring depth at  only one o f  these s ites . 
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TABLE 2 7 :  ORDERED FITT ING OF THE PARTIAL WITHIN-CLASS ( S IRE BREED ) 
REGRESSIONS OF HEAT PRODUCTION AT 5°C AMB IENT TEMPERATURE 
ON MIDSIDE AND HIP B IRTHCOAT DEPTH 

Analys is of Covar iance 

Source of  Varia tion 

Main ef fects model (Table 7 )  

Par t ial intra-c lass (s ire b reed) 
regress ions o f  heat product ion 
on mids ide ( S . MD )  and hip ( S . HD )  
coa t  depth 

R (S . MD/� ,  M . E . M . l ) 

R (S . HD/� ,  M . E .M . , S . MD )  

R (S . HD /� ,  M . E . M . ) 

R (S . MD/� ,  M . E . M . , S . HD) 

Res idual error 

d . f .  

2 8  

2 

2 

2 

2 

6 3  

1 M . E .M .  Main ef fects model (Tab le 7 ) . 

Mean Square 

49 . 34 

1 6 . 5 7  

2 . 56 

1 2 . 1 9  

6 . 9 5 

3 . 83 

F 

4 . 33*  

0 . 67 NS 

3 . 18*  

l .  8 1  NS  
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( ii )  Mids ide wool weight and the coat dep ths 

The overall regress ion coef f icients o f  midside wool  we igh t 

on hip coat dep th and mids ide coat dep th were respectively 

- 2  - 1  
b = 2 . 28 ± 0 . 4 5  mg cm mm ( t

6 4  
= 5 . 0 3 )  and b = 1 . 95 ± 0 . 36 

- 2  - 1  
mg cm mm ( t

64 = 5 . 45 ) , each o f  which was h ighly s ignificant 

(P< . 00 1 ) . The pooled with in-class regress ion coe f f ic ients were 

- 2  - 1  
o f  a s imilar magni tude , being b = 1 . 86  ± 0 . 80 mg cm mm and 

- 2  - 1  
b = 1 . 5 3 ± 0 . 60 mg cm mm respectively (Table 28)  al though 

the within-s ire breed regress ions were no t heterogeneous . Thus 

a strong re lationship exis ted be tween mids ide wool we igh t and 

the coat dep ths , al though the s lope o f  th is regress ion d id no t 

d iffer be tween the birthcoat types . 

The relationship between these charac teris tics again 

sugges ts the pos s ib il i ty that the ir ind ividual control of  the 

me tabol ic  response may have been interdependent . This poss i-

bility was tes ted by examining the control of error variance 

achieved by an ordered f i t t ing of the par t ial intra-s ire b reed 

regress ions of  heat product ion ( at 5°C amb ient temperature) on 

mids ide coat dep th and mids ide woo l weigh t . As the analys is 

of covariance in Table 29 shows , a s ignificant control o f  error 

variance was achieved by f i t t ing the s econd par tial intra-class 

regress ion in each cas e ,  irrespective of the order in which the 

regres s ions were f i t ted . Cons equently , i t  would s eem that the 

control of heat production exerted by mids ide wool  weight is 

largely independent of that attrib utable  to birthcoat dep th , 

desp i te the obvious correlat ion b e tween these characters . I t  

should also b e  no ted that the cho ice o f  mids ide coat dep th over 

h ip coat dep th as a component o f  the analysis presented in Table 
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TABLE 2 8 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS  ( S IRE BREED) 
REGRES S IONS OF MID S IDE WOOL WEIGHT PER UN IT AREA OF 
SKIN ON MIDS IDE AND HIP B IRTHCOAT DEPTHS : LAMBS AT 
F IRST TEST 

Analys is of Variance 

Source of Variat ion d .  f .  Mean Square F 

Main effec ts model (Tab le 2 2 )  3 4 l l 3 . 04 

Intra-class (s ire breed )  2 1 499 . 36 2 . 9 6t 
regress ion of  midside woo l  
weight o n  hip coat depth 

Pooled within-class 1 2 748 . 7 2 5 . 43* 

D i f f erence 1 250 . 0 1 0 . 4 9  NS 

Residual error 60 506 . 09 

Main ef fects model (Tab l e  2 2 )  3 4 l l 3 . 04 

Intra-class (sire b reed) 2 1 62 1 . 83 3 . 2 3* 
regress ion of mid s ide wool  
weight on mids ide coat  depth 

Pooled within-class 1 3 1 6 2 . 49  6 . 30** 

Diff erence 1 8 1 . 1 7 0 . 1 6  NS 

Res idual error 60 502 . 00 
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TABLE 29 : ORDERED F ITTING OF THE PARTIAL WITHIN-CLASS ( S IRE BREED ) 
REGRE S S IONS OF HEAT PRODUCTION AT 50C AMBIENT TEMPERATURE 
ON MID S IDE  BIRTHCOAT DEPTH AND WOOL WEIGHT PER UNIT AREA 
OF SKIN 

Anal�s is of Covariance 

Source of Variat ion d .  f .  Mean Square F 

Main effects model ( Tab le 7 )  28  4 9 . 34  

Par t ial intra-class ( s ire breed) 
regress ions of heat p roduct ion 
on midside  coat depth ( S  . MD )  and 
mids ide woo l weight ( S . WW)  

R ( S . MD/J..I , M . E . M . 1 ) 2 1 6 . 5 7  4 . 94* 

R (S . WW/J..I , M . E . M . , S .MD )  2 1 7 . 4 5 5 . 20** 

R (S . WW/J..I , M . E . M . ) 2 1 2 . 1 5  3 . 62 *  

R ( S  . MD/J..I , M . E .M . , S . WW)  2 2 1 . 87 6 . 5 2** 

Res idual error 6 3  3 . 36 

l M . E .M .  Main ef fects model (Tab le 7 ) . 

' ·  



29 was ent irely arb i trary ; a s imilar conclus ion is reached i f  
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hip coat dep th i s  sub s t i tuted for dep th a t  the mids ide pos i t ion . 

( i i i) Pos s ible mechanisms for the control o f  heat produc t ion by 
mids ide woo l  we ight 

S ince mids ide wool weight appears to contribute to b i r th-

coat insulation independently of coat dep th ,  it seems appropriate 

to examine pos s ib le mechanisms by whi ch this effect may occur . 

Variation in mids ide wool we ight per unit area of skin is 

de termined by var iat ion in 4 traits - f ibre  dens ity (number  of 

f ibres per unit area of  skin) , mean fibre length , mean f ibre 

diame ter , and the spec ific  gravity o f  the wool . Fibre length 

is clearly rela ted in some way to b irthcoat depth and this p re-

sumably accounts for the relationship b e tween mids ide wool  weight 

and coat dep th . I ndeed , i t  is likely that this relationship is 

even more s ignif i cant than is indicated by the regress ions d is -

cussed previously s ince , in those regress ions , errors in the 

measurement of the independent variable (coat dep th) included no t 

only the normal errors o f  measurement but also those induced by 

coat we tness in some lamb s . Accordingly it is p robable  that any 

effect  of mids ide wool  weight on insulat io n  which is independent 

of  depth mus t also be independent o f  mean fibre leng th . 

Since the airspeeds available in this s tudy were apparently 

too low to pene trate the birthcoat s truc ture , the effect  o f  i n-

creas ing mids ide wool weigh ts mus t have been to reduce the rate 

at which heat f lowed through a uni t dep th of the s till air layer 

o f  the coat . Heat flows through the s t ill air layer mainly by 

natural convec tion currents (which are a consequence o f  thermal 
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gradients within the air) , and the b ir thcoat f ibres may have an 

impor tant role in immobi l i z ing the air and reducing the extent to 

which natural convec t ion occurs ( Burton and Edholm, 1 9 55) . In 

this connec t ion b o th f ib re dens i ty and f ib re diameter might be  

expected to  have an  effect . Coats with a h igh f ibre dens i ty are 

more l ikely to reduce convec t ion currents by p roviding an increased 

frict ional res is tance to air movement within the coat . However ,  

wh ile variation i n  f ibre dens i ty might  have contributed to the 

relationship between heat p roduction and mids ide woo l  weigh t  

within the Romney and Drysdale-cross "breeds " ,  it  i s  unlikely to 

have contributed greatly to the between-s ire breed d iffe rences 

s ince f ibre dens i ty is s imilar in Romney and Drysdale-Romney 

cross lambs (Ross , 1 9 5 4 ; Cockrem, 1 959 ; S tephenson , 1959 ) . 

Coarse fibres p resent a greater s urface area ( per unit length) 

to s t ill air within the coat than do f ine f ibres and so can be 

expec ted to more efficiently re tard air movement . Within 

the Romney coats this effect  is  l ikely to have been small because 

large changes in f ibre weight (and hence in mids ide woo l  weight 

for a cons tant f ibre dens ity) would be  associated with only small 

changes in surface area ( the weigh t  per unit length being 

proportional to the square of f ibre d iameter wh ile surface area 

is l inearly related to diameter) . However a between-s ire b reed 

effect  is poss ible because although the Drysdale-cross coats have 

a greater mean d iame ter than those of the Romneys , their  very 

coarse f ibres also have a lower spec i f ic gravity than the Romney 

woo l .  This is  because the coarse f ibres contain a hollow core 

o f  medulla (Ryder and S tephenson,  19 68) . Hence the gain in • 

surface area per  unit increase in mids ide wool  weigh t  is  expected 
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to  be  much greater across the "b reeds " than within the Romney 

b reed . 

I t  may therefore be  concluded that  the relationship between 

heat produc t ion and mids ide woo l weight is  l ikely to have been 

due to the e ffects  of f ibre dens i ty (per uni t  area of skin) and 

f ibre diame ter on the rate of convec t ive heat loss through the 

s t il l  air layer of the b ir thcoat . No a t temp t has been made to 

es t imate the relative contributions of these f ac tors to coat 

insulat ion . Fibre dens i ty and diame ter may also influence the 

ab ility o f  the coat to control radiant heat loss (by reflection) 

although this e f fect is likely to be of  lesser impor tance than 

that assoc iated with convective losses ( Burton and Edholm , 1 9 5 5 ) . 

( iv) The curvilinear relationsh ip b e tween heat produc tion and 
mids ide woo l  we igh t 

Two pos s ib le explanations may now be o f fered for the 

curvilinear relationship between heat p roduc tion and mids ide woo l  

weight . The f irs t is that , at high levels of  mids ide woo l  

weight , heat loss b y  conduction through the b irthcoat f ib res 

cancels out the correspond ing gain in coat insulat ion . According 

to Burton and Edholm ( 1955 ) , condu c t ion o f  heat by the f ib res o f  

the coat i s  unlikely to be  important unless the bulk dens ity o f  

the mater ial forming the coat exceeds 5 pounds p e r  cub ic  foot  

-3  
(80 mg cm ) .  An es t imate of  the bulk dens ity o f  the b ir thcoats 

of the lamb s  in this study may be derived us ing the mids ide wool 

weight data . For example , the mean mids ide wool weight o f  the 

- 2  
Romney lamb s  was 4 2 . 1  mg cm and the mean coat dep th (mids ide 

and hip) approximately 1 . 0 cm . From this the mean bulk dens i ty 

- 3  
i s  es timated t o  be  40  mg cm ( o r  50%  o f  the upper l imi t ) , 
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assuming that the mids ide wool weigh t accurately es t imates the 

mean weight o f  b ir thcoat per unit area o f  skin across the whole 

body . This assump tion appears to be  reasonable , as is indi-

cated by the data from 1 2  comp le tely-shorn Romney lambs (Appendix 

I I ) . The mids ide woo l  weigh t o f  these lambs averaged 4 1 . 4  mg 

- 2  
cm and the es t imated b ulk dens i ty o f  their coats ( calculated 

from measured b i r thcoat weigh t and dep th plus an es t imate of body 

- 3  
surface area) was 48 t o  59 mg cm 

The mean birthcoat dep th o f  the Drysdale-cross lamb s  was 

approximately twice that of the Romneys , but the ir midside woo l  

we igh t was only 6 0 %  greater . This no doub t reflects the lower 

specific gravity of the medullated f ibres and their  tendency to 

protrude from the coat (so adding depth but little extra we igh t) . 

Moreover , s ince mids ide wool weight was posi tively correlated 

wi th coat dep th , the Drysdale-cross lambs with very h igh mids ide 

- 2  
wool we ights ( in excess o f  90 mg cm ) also had deep coats . I n  

no case d id the es t ima ted bulk dens i ty of  the coats of  these lambs 

- 3  
· exceed 70 mg cm I t  mus t therefore be concluded that the 

curvilinear relationship between heat produc tion and mids ide 

wool weigh t  was no t due to increas ing rates of conduc t ive heat 

loss through the f ibres of  the birthcoat . 

An al ternative hypothesis would b e  that this relationsh ip 

occurred because o f  the correlat ion b e tween mids ide woo l  weigh t 

and coat depth . I t  may be  that the benefits o f  increas ing mid-

s ide woo l  weights were gradually negated by the associated effects 

of  increas ing coat dep th and sur f ace area of the coat exposed to 

the external env ironment .  Earlier in this chap ter , maximum 
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coat i nsulation was predic ted to occur at  a coat dep th o f  about 

30 mm .  By regress ion analys is it can be  shown that , at this coat 

dep th , the mids ide wool weigh t was app roximately 92 mg cm
- 2  

This corresponds almos t exac t ly with the mids ide woo l  we igh t  a t  

which maximum coat insulation was pred i c ted , and s o  suppor ts the 

second hypo thesis  for this effect . 

4 .  Bodyweight and ges tat ion length 

(a )  Treatment e f fects on bodyweight and ges tation length 

Al though the lambs were re-we ighed at each tes t ,  var iation in 

weight be tween the tes ts was small and was no t affected by the environ-

mental treatments imposed dur ing the tes t procedure . In  this respect 

bodywe igh t was more l ike mids ide woo l  weigh t than like the coat dep ths 

which varied to a cons iderable degree with the environmental condi-

tions , par ticularly among the Drysdale-cross lambs . Analyses for 

the e f f e c ts o f  s ire  b reed and sex on bodywe ight and ges tation length , 

and for the relationship between thes e traits , were therefore carried 

out us ing only the data from the 66 lambs at their f irs t tes t .  

Nei ther s ire breed nor s ex o f  the lamb exer ted a s igni f icant 

effect  o n  gestation length al though the interac tion b e tween these 

treatments was s ignif i cant (P< . OS ,  Table 30) . Female Romney lambs 

had a longer ges tation period than males o f  the same breed (by an 

average o f  1 . 6  day s )  whereas , among the Drysdale-cross . lambs , ges tation 

length was independent of sex . However , this interaction was not 

reflec t ed in the bodyweights o f  the lambs s ince , although male lambs 

were s i gnificantly heav ier than females ( Table 3 1 ) , the effec ts o f  

sex and s ire breed o n  bodyweigh t  at  f irs t tes t were addi t ive . S ire 
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TABLE 30 : EFFECT OF S IRE BREED AND SEX ON GESTAT ION LENGTH LAMBS 
AT FIRST TEST 

Class if icat ion Ges tat ion Length (Days ) Mean ± S . E .  

S ex 

Male Female Bo th Sexes 

S ire Breed 

Romney 1 45 . 6 ± 0 . 6
a 

1 4 7 . 2  ± o . sb 1 46 . 4 ± 0 . 5 
( 2 2 )  ( 3 1 )  ( 5 3 )  

Drysdale 1 46 . 7 ± o . sa 1 45 . 5  ± 0 . 6a 1 4 6 . 1 ± 0 . 4  
( 2 6 )  ( 1 7 )  ( 4 3 )  

Both Breeds 1 4 6 . 1 ± 0 . 4 1 46 . 3 ± 0 . 4 
(48 )  (48)  

Analys is of Variance 

Source of Variat ion d. f .  Mean Square F 

S ire Breed 1 1 .  5 3  0 . 32 N S  

Sex 1 0 . 90 0 . 1 9 NS 

S ire Breed x Sex 1 30 . 34 6 . 3 7 *  

Error 6 2  4 .  7 7  



TABLE 3 1 :  EFFECT OF S IRE BREED, SEX AND GESTAT ION LENGTH ON 
BODYWEIGHT : LA}ffiS AT F IRST TEST 

C lassi f icat ion Bodywe igh t (kg) Mean ± S . E .  

S ire Breed 

Romney 4 . 9 6 ± 0 .  1 4  ( 5 3 )  

Drysdale 4 . 90 ± 0 .  1 4  ( 4 3 )  

Sex 

Male 5 . 1 5  ± 0 .  1 4  (48)  

Female 4 . 7 2  ± 0 .  1 4  ( 48 )  

Ana lys is of  Var iance 

Source of Variat ion d .  f .  Mean Square 

S ire  Breed 1 0 . 06 

Sex 1 3 . 00 

S ir e  Breed x Sex 1 0 . 86 

Error 62 0 . 62 

Analys is of Covariance 

Source  of Variat ion 

Main ef fects model (above ) 

Int ra-class ( s ire  breed )  
regression of  bodyweight on 
gestation length 

Pooled within-c lass 

Diff erence 

Res idual erro r 

d .  f .  

3 

2 

60  

1 

1 

Mean Square 

1 4 .  1 5  

3 . 23 

0 . 5 3 

6 . 28 

0 . 1 8  

1 6 2  

F 

0 . 09 NS 

4 . 84* 

1 .  3 9  NS 

F 

6 . 0 6** 

1 1 .  7 8**  

0 . 34 NS  



b reed d id no t s ignif icantly affect  bodyweigh t , a result cons is tent 

with the findings of Cockrem and Rae ( 1959 ) . 

(b )  The relationship be tween bodyweight and ges tation length 

The overall regress ion coef f ic ient of bodyweight on ges tation 

1 6 3  

- 1  
length was b = 0 . 14 ± 0 . 04 kg day ( t

6 4  
= 3 . 4 3 ,  P< . 0 1 ) and the pooled 

wi thin-class regress ion coe f f ic ient was o f  a s imilar order 

(b = 0 . 1 5 ± 0 . 04 kg day
- 1

) and s igni f icance ( P< . 0 1 ,  Table 3 1 ) . 

While i t  is obvious ly d i f ficult to estab l ish " cause and effect"  

relationships involving bodyweight ( as an indicator of  b irthweight)  

and ges tation length , i t  may b e  no ted that these regress ion eo-

e f f icients are s imilar in magnitude to es timates of growth rate in 

late pregnancy ob tained by the serial s laugh ter of foe tuses (Ratt ray , 

Garret ,  Eas t and Hinman , 1 9 7 4 ) . 

( c) Heat  product ion and bodyweight 

The role of  bodywei gh t  as a de terminant o f  the me tabolic  respons e  

to  cold-s t ress was examined by f i t t ing exponential func t ions t o  the 

relat ionship between To tal Heat Produc tion ( in Watts) and bodywe igh t  

( see "Methods of  Analys i s " ) . Preliminary analyses showed that the 

3 Drysdale-cross lambs wh ich experienced severe hypo thermi a ,  and 

which were no table for the ir very low summi t me tabolic rates , exerted 

a disproport ionate influence  on the regress ions . They have therefore 

been excluded f rom the analyses p resented here . 

The overall regr es s ion coe f f icient of log total heat produc t ion 
e 

(THP) on log bodyweight was b = 1 . 2 1 ± 0 . 25 which was highly s ignif i­
e 

cant ( t9 1  = 4 . 90 ,  P< . 00 1 ) . An exponent o f  this magni tude imp l ies 

that heat p roduction per unit bodyweight actually increases with body-



TABLE 3 2 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS ( S IRE BREED ) 
REGRESS IONS OF LOG TOTAL HEAT PRODUCTION AT 50C AMB IENT 
TEMPERATURE ON LOG BODYWE IGHT 

Analls is of Covariance 

Source of Var iation 

S ir e  Breed ( Breed) 

Wetness (Wet . )  

Airspeed (Asp . )  

Sex 

Breed x We t .  

Breed x Asp . 

Breed x Sex 

We t .  x Asp . 

Wet . x Sex 

Asp . x Sex 

Breed x Wet . 

Breed x We t .  

Breed x Asp . 

Wet . x Asp . 

Intra-class  

x Asp . 

x Sex 

x Sex 

x Sex 

( s ire breed) 
regression o f  loge t o t a l  heat 
product ion on loge bodywe ight 

d .  f .  Mean 

1 0 . 65 

1 1 2 . 06 

3 0 . 1 2  

1 0 . 0 1 

1 0 . 0 1 

3 0 . 06 

1 0 . 03 

3 0 . 1 3  

1 0 . 00 

3 0 . 09 

3 0 . 06 

1 0 . 00 

3 0 . 1 0  

3 0 . 06 

2 0 . 59 

Sg,uare F 

2 2 . 89*** 

4 2 4 . 58*** 

4 . 20** 

0 . 3 9 NS 

0 . 46 NS 

2 . 07 t 

1 .  1 6  NS 

4 . 6 7** 

0 . 00 NS 

3 . 04* 

2 . 02 NS 

0 . 06 NS 

3 . 3 7 *  

1 .  94  NS 

2 0 . 58*** 

1 6 4  

Pooled within-class 1 1 . 1 0 3 8 . 7 1 *** 

Difference 1 0 . 07 2 . 44 NS 

Res idual error 62 0 . 03 
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weight . However ,  once treatment e f fects on heat produc t ion had been 

taken account of , the pooled-within class regress ion coef f icient had 

a more conventional value of b = 0 . 79 ± 0 . 1 3 which was again h ighly 

s ignificant (P< . 00 1 ,  Table 32) . This exponent sugges t s  that heat 

p roduc t ion per unit bodyweigh t  declines as bodyweigh t  increases , and 

is in accordance with the resul ts f rom a later experiment ( Chap ter V) . 

Further cons ideration will be g iven to the role of  bodywe ight in that  

chap ter . 

S .  Relat ive humidity of  air i n  the climate chambers 

(a)  Treatment e ffects on relative humidity 

The e ffects o f  we tness , airspeed and amb ient temperature on the 

RH of air  in the emp ty chamber have al ready been described in Chap ter 

I I .  When a lamb i s  placed i n  the clima te chamber , i t  i s  t o  b e  

expected that the humidity o f  the air will also b e  af fec ted b y  the 

rate at which water evaporates f rom the lamb ' s b ir thcoat and skin 

surface . In this s i tuation ,  measured RH may reflect the rate a t  

which water evaporates from dif ferent types of  coat , which may in turn 

be related to the level of heat p roduct ion required by the lamb to 

maintain body temperature . 

We tness again exerted the maj or control of  variatio n  in RH 

(Tab le 3 3 ) , and the mean RH o f  the air ( pooled across all o ther treat­

ments)  was 7 to 10%  higher when lambs were in the chambers than when 

the chambers were emp ty ( Tabl e  3) . This occurred during we t and dry 

tes ts ,  no doub t as a consequence of  extra evaporation f rom the lamb ' s 

body . S imilarly , airspeed exerted a s ignificant e f fe c t  on measured 

RH as was the case in the preliminary experiment (Chap ter I I )  . 
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TABLE 3 3 :  EFFECT O F  S IRE BREED, WETNESS, AIRSPEED AND S EX ON 
MEASURED RELATIVE HUMIDITY OF AIR IN THE CHAHBERS 
(Relative humidity means and their standard errors 
are expressed as dec ima l s )  

Clas s i f icat ion Measured Rela tive Humidi ty - Mean ± S . E .  

S ire breed Sex Wetness 

.QE.y_ Wet 

Romney Male 0. 7 7 3  ± 0. 025
b 

0 . 900 ± 0 . 020
c 

( 1 0 )  ( 1 2 )  

Female 0 .  7 32  ± 0 . 0 1 8b 0 .  9 1 1  ± 0 . 0 1 8c 

( 1 6 )  ( 1 5 )  

Drysdale Male 0 . 656 ± 0 . 0 1 8a 0 . 905 ± 0 . 020
c 

( 1 4 )  ( 1 2 )  

Female 0 .  7 1 1  ± 0 . 0 2 5
ab 

0 . 855  ± 0 . 02 3
c 

(8 )  ( 9 )  

S ire br eed 

Romney 0 . 829 ± 0 . 009 ( 5 3 )  

Drysdale 0 . 782  ± 0 .  0 1 1  ( 4 3 )  

Wetness 

Dry 0 . 7 2 5  ± O . O l l  ( 4 8 )  

Wet 0 . 89 3  ± 0 . 0 10 ( 48 )  

Nominal a irsEeed 
- 1  

(m sec ) 

0 . 0 0 . 8 1 8  ± 0 . 0 1 4  ( 24 )  

1 . 0  0 .  7 7 4  ± 0 . 0 1 5  ( 2 4 )  

1 . 5  0 . 830 ± 0 . 0 1 5  ( 2 4 )  

2 . 0  0 . 800 ± 0 . 0 14 ( 24 )  

Sex 

Male 0 . 809 ± 0 . 0 1 0  ( 4 8 )  

Female 0 . 802 ± 0 . 0 1 1 ( 48 )  

. . .  / cont inued 



TABLE 3 3 ,  cont inued 

Source of Variat ion 

S ir e  Breed ( Breed) 

Wetness (We t . )  

Airspeed (Asp . )  

Sex 

Breed 

Breed 

x Wet .  

x Asp . 

Breed x Sex 

Wet .  x Asp.  

Wet . x Sex 

As p .  x Sex 

Breed x We t .  

Breed x Wet .  

Breed x Asp . 

We t .  x Asp .  

Error 

x Asp . 

x S ex 

x Sex 

x Sex 

16 7 

Anal�s is of  Var iance 

d .  f .  Mean Square F 

1 0 . 053 10 . 5 3** 

1 0 .  78 1 1 5 5 . 37***  

3 0 . 0 1 5  2 . 94*  

1 0 . 00 1  0 . 1 2  N S  

1 0 . 0 1 2  2 . 39 NS 

3 0 . 00 1  0 . 1 5  NS 

1 0 . 00 1  0 . 2 9 NS 

3 0 . 009 1 .  84  NS 

1 0 . 002  0 . 3 3  NS 

3 0 . 006  1 .  2 0  NS 

3 0 . 00 1  0 .  1 7  NS 

1 0 . 033 6 . 5 2 *  

3 0 . 006 1 .  2 3  N S  

3 0 . 003 0 . 5 6  N S  

67  0 . 005  



TABLE 34 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS (WETNES S )  
REGRESSIONS O F  HEAT PRODUCTION O N  RELATIVE HUMID ITY 
OF THE CLIMATE CHAMBER AIR AT 5°C AMBIENT TEMPERATURE 

Anali:s is of  Covariance 

Source o f  Variat ion d .  f .  Mean Sguare F 

Main effec ts model (Table 7 )  2 8  49 . 34 

Intra-class (\vetnes s )  2 1 1 . 3 3 2 . 87 t  
regress ion of heat produc tion 
on RH 

Pooled within-c lass 1 1 2 . 99 

Dif ference 1 9 . 6 7 

Res idual error 6 5  3 . 9 5 

1 68  

3 . 2 9t 

2 . 45 NS 
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More impor tant , however ,  was the s ignif icant effect o f  s ire breed , 

the RH of  air in the chambers being 4 . 7% higher for the Romney lambs 

than for the Drysdale-crosses . As is indicated by the s ignif icant 

s ir e  b reed x wetness x s ex interac tion (Tab le 3 3 ) , this difference was 

part icularly evident among the dry lambs . Hence it seems l ikely that , 

during the tes t ,  the dry Romney lambs experienced a somewhat greater 

rate o f  evaporat ion from the b irthcoa t than did the Drysdale-crosses . 

This e f fect would presumably have contributed to the higher me tabolic  

rates of  thes e  lambs at  this amb ient temperature . 

(b)  Hea t  product ion and relative humidi ty 

The overall regress ion coefficient o f  heat product ion on RH a t  

5°C ambient temperature was b = 0 . 26 ± 0 . 0 2  Wat ts per kg per uni t 

percentage RH which was highly s ignif icant ( t
94 

= 10 . 69 ,  P < . 00 1 ) , 

while the pooled within-class regress ion coe f f i cient was no t s i gnif icant 

at  the 5% level ( Table 3 4 ) . The s ignif i cance of  the former regress ion 

appears to have been a function of treatment (particularly we tness )  

e f fects o n  heat product ion and RH . This regression also demons t rates 

that , in an essentially closed environment , the relationship b e tween 

heat product ion and RH derives no t from a "caus e and e f fe c t "  

s i tuation , b u t  rather f rom one i n  which b o th variables are influenced 

by a common factor ( in this case evaporation from the lamb ' s b ody) . 

Chapter Summary 

Heat  p roduc tion , rectal temperature and hind-limb skin temperature 

responses were measured in 66  lambs tes ted we t or dry in a range o f  

airspeeds a t  6 amb ient temperatures .  Thirty of  the lambs were tested 

twice giving a total of 96  observations . 
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We t t ing of  the lambs caused large increases in me tabolic  rate and 

the results show that dry lambs are unlikely to become severely 

hypo thermic unless amb ient temp eratures are well below 5°C .  Drysdale-

cross l ambs had s i gnif icantly lower me tabolic rates than Romneys , the 

effects  of s ire b reed being additive with those of wetness and airspeed . 

Evidence was p res ented that the lower crit ical temperature occurs at  a 

higher ambient temperature for Romney lambs than for Drysdale-cros ses . 

The level of  airspeed to which the lamb was exposed exerted i ts mos t  

pronounced effect  on metabolic rate a t  the higher ambient temperatures , 

but i t  appears that the maximum airspeeds available were insufficent 

to pene trate the coat s truc ture o f  e i ther "b reed" of  lamb . 

Wet lambs had cons is tently greater rec tal temperatures than dry 

lamb s , despite b e ing more s everely cold-s tressed (as indica ted by the 

respons e  in met abolic rate) . I t  is sugges ted that this d i f ference 

aros e from an "over-compensation" in rectal temperature by the we t 

lambs when they were f irs t exposed to the we tting treatmen t . In 

support of  this hypo thes is , the wet lambs appeared to have elevated 

metab o l ic rates at the h ighes t amb ient temperature ( compared with 

their metabolic  rates at 25°C) . A s imilar init ial rise in rec tal 

temperature upon exposure to cold has previous ly been demons t rated in 

young lambs and o lder sheep . However ,  this effect does no t appear to 

greatly comp l icate the interpre tation of metabolic rate data s ince the 

d i f ference �n rectal temp erature b e tween the we t and dry lambs was 

es tablished at 30°C amb ient temperature and remained relatively cons tant 

throughou t  mos t  of the tes t . 

Drysdale-cross lambs exh ib ited generally lower rectal temperatures 



than Romneys , again despite  being less severely cold-s t res sed . At  
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the highest ambient temperature this was due to the Romneys exhib i t ing 

a much greater increase in rectal temperature when firs t  wetted . Sub-

sequent ly the wet Drysdale-cross lambs showed a s imilar "over-compen-

sation" in rec tal temp erature to the wet Romneys , but the "breed " 

d i f ference in mean rec tal temperature pers is ted . However , this 

d i fference is unlikely to indicate that the Romney lambs are bet ter 

able to control body temperature s ince the two "b reeds " o f  lamb 

exhib i ted a s imilar net decline in rectal temperature when the amb ient 

0 0 
temperature was reduced from 30 C to 5 C .  

The analys is o f  h ind-limb skin temperatures , toge ther with the 

results from Appendix I ,  provided s t rong evidence that many of the dry 

lambs had no t cons tric ted peripheral blood vessels of the l imb . The 

wet lamb s , however , had skin temperatures cons is tent with vasocon-

s triction having occurred . Hence i t  seems l ikely that  many Romney and 

Drysdale-cross lambs require a s trong cold s timulus to induce a 

reduct ion in peripheral blood f low . Among the wet lambs , heat pro-

duc t ion was negatively related to skin temperature at the lowe s t  

ambient temperature which may indicate that heat production and the 

rate at whi ch skin temperature equilibrates with the environment are 

de termined by the correlated e f fects of  the coat insulation on the 

body and on the l imb . 

A number o f  p arame ters were s ignificantly related to the level o f  

heat p roduction required b y  the lamb t o  maintain body temperature . 

Age e ffects were generally small although i t  appeared that the heat 

production of Drysdale-cross lambs declined with advancing age due to 

drying o f  the coat and an increase in i ts depth . 
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Drysdale-cross lambs had s ignif icantly greater coat dep ths and 

mids ide woo l  weights than Romney lambs and even under condi tions o f  

good p re-natal nutrition , heavy lambs were favoured b y  superior b ir th-

coat charac teris tics . This was part icularly so in the Drysdale-cross 

lambs . Ges tation length d id no t af fect  any o f  the bir thcoat 

charac teris t ics measured exce p t in one case (mids ide wool weight )  

through i ts correlation with bodyweight . We t ting the b ir thcoat 

s ignificantly reduced i ts dep th among the Drysdale-crosses but pro-

duced only a small and non-s ignif icant reduction among the Romneys . 

The lamb ' s  requirement for body heat production was dependent 

upon its coat characteri s t ic s , there being an apparently curvilinear 

relationship be tween heat product ion and both coat dep th and mids ide 

wool weight (across the s ire breeds ) . As a cons equence , heat p ro-

duction was more strongly related to these coat charac teris tics in 

the Romneys than in the Drysdale-crosses . I t  also appears l ikely 

that lit tle  gain in insulative value of the coat could be made by in-

creas ing coat dep th beyond about 30 mm or mids ide wool weight beyond 

-2 
about 90 mg cm The e f fects of  coat dep th at  the mids ide and hip 

pos i t ions on metabolic  rate were interdependent and i t  appears tha t  

the insulative value o f  the coat could b e  a s  accurately described by 

measur ing dep th at only one of these sites as by utilizing bo th o f  

them . Mids ide wool weight exer ted an effect  on metabolic rate in-

dependent of i ts correlation wi th coat dep th . It  is sugges t ed that  

this was due  to variation in f ibre densi ty (per unit area of  skin 

surface) or f ibre d iame ter . The insulation provided by a uni t  o f  

coat dep th o r  mids ide woo l  weight was no t affected b y  wet ting o r  

(wi thin the range available)  by airspeed . I t  appears that the maj o r  



e f fect o f  we tting o n  to tal birthcoat insulation was a reduc t ion in 

the dep th of  the coat (particularly in Drysdale-cross lambs ) while 

- 1  
increas ing airspeeds (up to 1 . 9 m s ec ) removed only the boundary 

layer o f  s till air over the coat . 

1 7 3  
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CHAPTER V 

THE EFFECTS OF S IRE, BIRTHRANK AND BIRTHCOAT TYPE 

ON THE RESPONSES OF LAMBS TO COLD-STRESS AT A 

S INGLE AMBIENT TEMPERATURE 

Introduc t ion 
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Twin-born lambs are known to b e  part icularly suscep t ible to 

s tarvation-exposure mor tality (Right and Jury , 1 9 70) , an effect  which 

is probably med iated through their having lower b irthwe ights  than s ingle 

lambs (Dal ton e t  al . ,  1980 ) . This chap ter examines the ef fects  o f  

birthrank on the level of  heat produc t ion required b y  the lamb to 

maintain body tempera ture , and on o ther traits (such as bodywe igh t and 

the coat charac teris t ics )  which were , in the previous chap ter , found to 

af fec t this requirement .  The experiment also provided the oppor tunity 

to progeny- tes t 2 s ires with respect to their lambs ' heat produc t ion , 

bodyweight and coat character is t ics . 

In Chap ter IV the heat productio n  of wet lambs , which appeared to 

have cons tric ted peripheral blood vessels at  low amb ient temperatures , 

was found to be nega tively related to hind-l imb skin temperature . 

I t  was sugges ted tha t this relationship could have been due to the 

correlation between external insulation of the body and an e f f e c t  o f  

the birthcoat insulation of the l imb o n  the degree t o  which skin 

thermorecep tors were s timulated by the cold environment , or on the 

rate at which the temperature o f  the vasocons tricted l imb equilibrated 

with the environment . Slee ( 1964 , 1968)  has also s ugges ted tha t , in 

mature sheep , variation in the insulative value of woo l  on the l imbs 

may contribute to varia tion in skin temperature . In this experiment , 

therefore , the relationship b e tween skin temperature and the amount of  
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woo l  on the limbs was f ur ther examined . An attemp t was also made to 

measure the rate at which s kin temperature continued to equilibrate 

with the environment af ter s tab le heat p roduc t ion had been achieved . 

Experimental Des ign and Me thods 

The exper iment involved 86 lambs , all o f  which were  born to 

Romney ewes and s ired by Drysdale-Romney cross (s ingle-N) rams . These 

s ires were  used to again p roduce a range of lamb birthcoat types 

s imilar to that descr ibed in Chap ter I I ,  while eliminating any effects  

o f  s ire breed no t closely linked with the dominant N-gene which pro-

duces the hairy b ir thcoat . Two rams were us ed , each being s ingle-s ire 

mated to a randomly selected samp le of 40 ewes . The rams were 

paternal hal f-bro thers . The b ir thcoat types of the lambs are referred 

to in this chap ter as "non-hairy" and "hairy " types but were s imilar to 

the Romney and Drysdale-cross coat types respec t ively as des cribed in 

the previous chap ter . 

All the lambs were tes ted when wet s ince , as was demons trated in 

Chap ter IV , dry lambs are unlikely to app roach the limits of  their  

ability to regulate deep body temperature unless air  temperature is  

much lower than freezing po int . Because a high proportion o f  twin 

lambs was expected , the ewes having been well fed prior  to mat ing , i t  

was cons idered advisable to tes t the lambs under less severe condi t ions 

than the mos t extreme available  ( in order to avoid having a h igh p ro-

portion of them a ttain summit  metabol ism) . They were therefore 

tes ted at an amb ient temperature o f  10°C and were exposed to e i ther 

s t ill or moving ( 1 . 50 m sec
- 1

) air . Thus the experiment was o f  an 

unbalanced f ive-way cross-classif ied des ign with s ire , birthcoat type , 
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b irthrank,  airspeed and s ex as main ef fects . 

these were treated as f ixed effects . 

All but the f irs t o f  

The experimental procedure was modif ied i n  a number o f  ways f rom 

that described in the previous chap ter . Immediately after the lamb 

was placed in the climate chamber  its "pre- tes t rec tal temperature" 

was measured to 0 . 1°C with a clinical thermome ter (Figure 5 ) . Once 

heat p roduct ion had s tab ilized the lamb ' s  rectal temperature  was again 

measured , as were its  me tabolic rate and hind-l imb skin temperature . 

The lamb then remained in the c l imate chamber  for a fur ther 10 to 1 5  

minu tes at  the end o f  which period the measurements of  rec tal temp era-

ture and skin temperature were repeated . In addi tion , the time inter-

vals between each o f  these 3 sets of  measurements were recorded . Thus 

the rate of decline in rectal temperature and in skin temperature could 

be calculated . The rate of  decline in rec tal temperature (RDRT) was 

calculated over 3 measurement periods as illus trated in Figure 5 :  

( i) RDRT over the " firs t period" was used to des crib e  changes 

which lead to treatment dif ferences in rectal temperature 

at  s table heat p roduc t ion,  and to assess whe ther lambs 

had attained summ i t  me tabolism 

( ii) the "second period" RDRT was also used to assess whi ch 

lambs had attained summit me tabolism 

( iii)  when calculated across the "whol e  experiment period" , 

RDRT was used as an index o f  the lamb ' s res is tance to cold­

s tress ( an alternat ive to heat p roduction) . 

With in one day of the tes t being comp le ted , the weight o f  b ir thcoat 

on the l imbs was measured in 40 o f  the lambs as described in Chap ter 

I I .  
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Res ul ts and Discuss ion 

1 .  Proport ion of lambs at taining summit me tabolism 
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Al though these lambs were exposed to less severe environmental 

condit ions than the wet lambs in the p revious experiment ,  a cons ider­

able proportio n  of  them exhib i ted rates o f  decline in rec tal temp era-

ture cons is tent with their having at tained summit me tabolism.  This , 

o f  cours e ,  creates some diff iculty in the interpre tation o f  metabolic  

rate  data for reasons which have already been dis cussed . In  

par ticular , the p resence of  a high propor t ion o f  lambs wh ich have 

attained summi t  me tabolism may introduce an unaccep tab le degree o f  

e rror into regress ions involving me tabolic  rate s ince , i n  these lamb s , 

heat product ion becomes a func t ion o f  the individual ' s  summit 

metabolism rather than of  the independent var iate in the regress ion . 

I t  may therefore be argued that the analys is of  this data should 

involve only those lambs whose metabolic  rates did no t reach the 

summi t level (herea f ter  referred to as the " non-summit"  lambs ) .  How-

ever , in order to analyse the data in this manner , i t  would b e  neces­

sary to ignore thos e very lambs which are mos t  likely to become 

hypothermic in the f ield ( i . e .  the "summi t" lambs ) .  Clearly , this 

too is undes irab le .  As a comp romise the lambs were d ivided into 

2 groups o n  the b as is of  whether or not they were cons idered to have 

attained summi t  me tab olism. All data involving me tabolic rate o r  

parame ters related to i t  were then sub j e c ted t o  dual analyses , one 

involving all the lambs and the o ther involving only the "non-summit"  

lambs . Where they occurred , d i f ferences be tween these analyses are 

discussed . 

The attainment of  summit metab olism was again assessed f rom the 
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rate o f  decline in the lamb ' s rectal temperature , the cr iterion being 

0 - 1  
a rate i n  excess o f  0 . 0 25 C min . Thi s  f igure , or indeed any f igure , 

may b e  critic ized on the b as is that it  is  an arb i trary cho ice . How-

ever , in experiments in which lambs are comp ared under a s tandard s e t  

of  environmental conditions ( as opposed to  the sys tem described i n  

Chap ter I II) i t  app ears to be the only bas is on which the attainment 

o f  summit metabolism can b e  defined . Moreover , an examinat ion o f  

the data from Chap ter IV sugges ted that while some lambs may show 

0 - 1  
small  fluctuations in rec tal temperature o f  up to 0 . 0 1  C min ( even 

at high amb ient temperatures ) ,  those with rates of  decline in excess  

0 - 1  
o f  0 . 0 2 5  C min over periods o f  20 to 30 minutes are likely to have 

reached the limit of thei r  ab ility to p roduce body heat . An 

add i t ional requirement , that this rate of decline should be sus tained 

befo re and after  the attainment of s table heat p roduc tion , was also 

imposed . This was considered des irable because the lambs were b e i ng 

exposed to a s ingle very cold environment rather than to a series o f  

declining amb ient temperatures as in Chap ter IV . Hence lambs which 

showed the required rate of decline in rectal temperature prior to 

the measurement o f  heat p roduction ( i . e .  while they were adj us t ing 

metabolic rate to the required level) , but no t in the subsequent period , 

were not cons idered to have at tained summit me tabolism . 

A to tal o f  25  lambs exhib ited rates o f  decline in rectal tempera­

o - 1  
ture greater than 0 . 0 25 C min during the f irst period o f  measurement 

but  3 of these ( 1  hairy and 2 non-hairy types) exhib i ted s table rectal 

temperatures o r  very low rates o f  decline ( approximately 0 . 0 1°C min
- 1

) 

in the second period . Twenty- two lambs ( 26 %  of  lambs tes ted) there-

fore satisf ied all c r iteria for the attainment of summi t me tabolism . 
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This contras ts with the p revious experiment in which only 14% o f  the 

wet lambs at tained summit metabolism,  des pite  being exposed to the lower 

amb ient temperature of 5°C .  

Treatment e f fects on the p roportion o f  lambs at taining summi t 

me tabolism were examined by analys is of  deviance on the logit s cale 

( see "Me thods of Analysis")  the results of which are presented in 

Table 35 . In performing this analysis it  was necessary to exclude 

some main effec ts to reduce the number of cells in which 0% or 100% 

of  the lambs attained summit metabolism.  S ince a prel iminary 

analy s is showed that the effects o f  s ire and airspeed were non-

s ignif icant (P> . O S)  these ma in e f fects were excluded f rom the f inal 

analy s is . 

All the remaining treatment ef fects were found to be  s ignif icant . 

Thus 3 7 %  o f  the non-hairy ( Romney-type) lambs attained s ummit  

metabolism while only 8% o f  the hairy lambs d id so . S imilarly twin 

and female lambs were more likely to exh ib i t  high rates of  decline in 

rec tal temperature than were s ingle and male lambs respect ively . All 

treatment effects were addit ive and , in mos t cases , treatment effects 

on the propor tion of lambs attaining s ummit  me tabolism paralleled the 

corresponding effects on metabolic rate (Table 37 ) . Hence t reatment 

d i f ferences in metabolic rate are likely to be good indicators of the 

incidence o f  hypothermia in the f ield . This s ituation did no t ,  

however ,  apply to the b irthrank effec t and the reasons for this will 

be  dis cussed later . Ari thme t ic propo r t ions o f  lambs a t taining summit 

me tabolism in the treatments which did no t exert s ignif icant e ffects 

were ; s ire D 140 / 7 ( 29%) , s ire D46 / 7 ( 2 3% ) , this difference being 

2 
s ignif icant at  the 10% level in the full model ( x  = 2 . 7 1 ) ; and 
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TABLE 35 : EFFECT OF BIRTHCOAT TYPE, BIRTHRANK AND SEX ON THE 
PROPORTION OF LAMBS ATTAINING SUfMIT METABOLISM 

Clas s i f i cation 

Bir thcoat type 

Non-hairy 

Hairy 

Bir thrank 

S ingle 

Twin 

S ex 

Male 

Female 

Source 

Birthcoat Type (Coat )  

B irthrank (Rank) 

Sex 

Coat x Rank 

Coat x Sex 

Rank x Sex 

Coat x Rank x Sex 

Error 

Propo r t ion o f  Lambs Attaining Summit Me tabol ism 

Legit-Trans formed Mean ± S . E . 

-0 . 52 ± 0 . 34 

-2 . 42 ± 0 . 56 

-2 . 2 1  ± 0 . 53 

-0 . 7 3 ± 0 . 36 

-2 . 1 0 ± 0 . 58 

-0 . 84 ± 0 . 39 

Analls is of  Deviance 

d .  f .  ):2 

1 

1 

1 

1 

1 

1 

1 

7 8  

Retransformed % 

37 . 3  ( 4 5 )  

8 . 2  ( 4 1 )  

9 . 9  ( 4 2 )  

32 . 6  ( 4 4 )  

1 0 . 9 ( 4 6 )  

30 . 2  (40 )  

Deviance 

1 0 . 52** 

6 . 58* 

4 . 9 5* 

0 . 1 8  NS 

0 . 08 NS 

0 . 0 1  NS 

1 .  06 NS 

7 6 . 0 1 
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0 . 0  m sec airspeed ( 23%) , 1 . 5  m sec  airspeed ( 28%) . 
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Relationships b e tween the p ropor tions o f  lambs attaining summi t 

me tabolism and certain charac teris t ics o f  the lamb (both phys ical and 

response-related) were examined by regress ion analys is on the legit 

s cale . The overall regress ion coe f f icients and intercep ts are 

p resented in Table 36 . A t tainment o f  summit me tabolism was mos t  

s trongly related to bodyweight , the proportion o f  lambs expected to 

exh ib i t  high rates of  decl ine in rectal temperature decreas ing as body-

weigh t  increased . This relat ionship accords with the observed 

suscep t ib ility of small lambs to hypo thermia in the f ield (Alexander 

and McCance , 1958) . By applying the regress ion equat ion to the mean 

bodywe igh ts of s ingle and twin lambs (Table 48)  i t  can be shown tha t  

the between - birthrank dif ference in the attainment o f  summit me tabolism 

was almo s t  entirely accounted for by the corresponding difference in 

bodyweigh t . The same s i tua t ion d id no t ,  however ,  app ly to the s exes . 

Whereas the leas t-squares es t imates of  the proportions of male and 

f emale lambs at taining s ummit me tabolism were 10 . 9% and 30 . 2% respe c t-

ively (Table 35) , the p redic ted difference was s omewhat  less ( 14 . 8% vs 

26 . 1 %) when calculated on the bas is of  mean bodyweigh t .  Apparently 

part of the difference b e tween the sexes in the frequency of a t tainment 

of summit me tabolism was independent of  the bodyweigh t  effect . With 

respect  to the b ir thcoat types , mos t o f  the difference be tween the 

hairy and non-hairy lambs appears to have b een due to their diffe rent 

coat dep ths and mids ide wool  weights . 

Also of  particular relevance to this s tudy was the relationship 

with heat produc t ion . As is shown in Table 3 6 ,  a high proportion o f  

lambs attaining summi t me tabolism was assoc iated with high ,  rather than 
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TABLE 3 6 :  EFFECT O F  METABOLIC RATE, SKIN TEMPERATURE, PRE-TEST RECTAL 
TEMPERATURE , BODYWE IGHT AND BIRTHCOAT CHARACTERI ST ICS  ON THE 
PROPORTION OF LAMBS ATTAINING SUMMIT METABOLISM 

IndeEendent Variate  Logit-T rans formed Data 

Overall regress ion coeff icient InterceEt 
± S . E .  ± S . E . 

Metabolic  rate (W kg 
- 1

) 0 . 2 7  ± 0 . 1 1 ,  ta 4 2 . 5 7 ,  P< . O S - 5 . 3 5 ± 1 .  7 2  

Skin temperature (oC )  -0 . 05 ± 0 . 06 ,  t a 4 0 . 78 ,  NS -0 . 1 6 ± 1 . 1 7  

Pre-test  rec tal 
-0 . 74 ± 0 . 5 8 ,  1 . 27 ,  NS 28 . 5 6  ± 2 3 . 37 temperature (oc )  

t a 4 

Bodywe ight ( kg)  - 1 . 58  ± 0 . 4 6 ,  t a 4 3 . 45 ,  P < . 00 1  5 . 9 9 ± 1 .  99 

Hip b ir thcoat depth (nm) -0 . 1 6 ± 0 . 0 7 ,  ta 4 2 . 2 7 ,  P< . O S  0 . 63 ± 0 . 7 5  

Mids ide woo l  we ight 
-0 . 06 ± 0 . 02 ,  2 . 5 5 ,  P < . OS 1 . 7 1  1 .  07  (mg cm- 2 ) t a 4 ± 

Age (hr ) -0 . 04 ± 0 . 04 ,  t a 4 0 . 98 ,  NS -0 . 6 7 ± 0 . 46 
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low, metabolic  rates . This is  an important result s ince i t  indicates 

tha t  the l ambs which suffered h igh rates of  dec line in rec tal tempera-

ture did s o  p r imarily because of their  high rates o f  body heat loss 

(which were  reflected in a requirement for high me tabolic rates ) 

rather than because o f  a poor ab ility to produce body heat ( i n  which 

cas e  a negative relationship might have occurred ) . The relationships 

with the b irthcoat charac teris tics also support  this view and confirm 

that the proportion o f  lambs becoming hypothermic in the field may be  

reduced by increas ing the lamb ' s coat  dep th and midside wool weigh t . 

However i t  seems unlikely that the summit lambs exhibited their poor 

ab ility to regulate deep body temperature in the mild pre-test environ-

ment , as is indicated by the non-s ignificant re lationship be tween the 

proport ion of lambs at taining summit metab o l ism and pre-test rec tal 

temperature (Table 3 6 ) . S imilarly , since s ummi t  metabolic rate is 

independent of age ( Alexander ,  1 9 6 2b and Chap ter Ill ) , the lack o f  a 

relationship between the attainment of summi t metabolism and age 

( Table  36 )  sugges ts that age exerted little effect  on the rate o f  b ody 

heat loss in these lambs . 

2 .  Heat product ion 

The analysis o f  variance for heat produc tion (all lambs)  is  

presented in Table 3 7 . The mean metabolic rates o f  these lambs were 

generally within the range o f  Romney summit met abolic rates (Chap ter 

Ill)  as might be expec ted given that at leas t 25%  o f  the lambs had 

apparently attained summit metabolism . Moreover ,  their mean met abolic  

-1  
rates were app roximately 2 . 0  W kg  greate r  than those o f  the wet lambs 

described in Chap ter IV (at  the same amb ient temperature) and this may 

reflec t  their generally lower bodyweights ( Table 48) , b i r thcoat 
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TABLE 3 7 : EFFECT OF S IRE, B IRTHCOAT TYPE, B IRTHRANK, AIRSPEED AND 
SEX ON THE HEAT PRODUCT ION OF LAMBS AT 1 0°C AMBIENT 
TEMPERATURE 

C lass i ficat ion 

S ire Birthrank 

D 1 40/ 7 Single 

Twin 

D46/ 7 S ingle 

Twin 

Sire 

D 1 40/ 7 1 5 . 00 

D46/ 7 1 5 . 6 3 

Bir thcoat t;a�e 

Non-hairy 1 6 . 2 5  

Hairy 1 4 . 45 

B ir thrank 

S ingle 1 5 . 1 9  

Twin 1 5 . 5 1  

Nominal airsEeed (m 
- 1  

sec ) 

0 . 0 1 4 . 59 

1 . 5  1 6 . 04 

Sex 

Male 1 4 . 7 5  

Female 1 5 . 88 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

Heat Produc t ion (W kg
- 1

) Mean ± S . E .  

- 1  
Nominal airspeed (m sec ) 

0 . 0 

1 3 . 09 ± 0 . 65
a 

( 1 2 )  

1 5 . 09 ± 0 . 80
b 

( 9 )  

1 5 . 30 ± 0 .  7 5b 

( 9 )  

1 5 . 03 ± 0 . 62b 

( 1 3 )  

0 . 35 (42 ) 

0 . 34 ( 4 4 )  

0 . 34 ( 4 5 )  

0 . 35  ( 4 1 )  

0 . 34 (42 ) 

0 . 40 (44 )  

0 . 40 ( 4 3 )  

0 . 36 ( 4 3 )  

0 . 3 3  ( 4 6 )  

0 . 3 7 ( 40 )  

1 . 5  

1 6 . 6 6  ± 0 . 6 4b 

( 1 2 )  

1 5 . 35  ± 0 . 7 4
b 

( 9 )  

1 5 . 62 ± 0 . 7 5b 

( 9 )  

1 6 . 5 8 ± 0 . 6 2
b 

( 1 3 )  

. . . . .  / continued 
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TABLE 3 7 , cont inued 

Analys is of Variance 

Source of Variat ion d .  f .  Mean Square F 

Sire 1 8 . 82 0 . 35 N S  

Birthcoat Type (Coa t )  1 5 8 . 54  1 2 . 87*** 

Birthrank (Rank)  1 2 .  1 8  0 . 09 NS 

Airspeed (Asp . ) 1 55 . 34 2 . 23 NS 

Sex 1 2 1 . 65 4 .  7 6* 

Sire x Coat 1 5 . 2 1 1 . 1 5 NS 

Sire x Rank 1 0 . 0 2 0 . 00 NS 

S ire x Asp .  1 2 . 00 0 . 08 NS 

S ire x Sex 1 1 4 . 9 1  3 . 2 8t 

Coat x Rank 1 1 7 . 6 7 3 . 88t 

Coat x Asp . 1 9 . 67 2 . 1 2 NS 

Coat x Sex 1 0 . 95 0 . 2 1  NS 

Rank x Asp . 1 1 4 . 1 2  0 . 5 7 NS 

Rank x Sex 1 2 . 28 0 . 50 NS 

Asp .  x Sex 1 5 . 68 1 .  2 5  NS 

S ire x Coat x Rank 1 1 .  34 0 . 2 9 NS 

S i re x Coat x Asp .  1 1 2 . 9 7 2 . 8 5t 

S ire x Coat x Sex 1 0 . 03 0 . 0 1  NS 

S ire x Rank x As p .  1 24 . 85 5 . 46* 

S ire x Rank x Sex 1 1 . 38 0 . 30 N S  

S ire x Asp .  x S ex 1 1 0 . 54  2 . 32 NS 

Coat x Rank x Asp . 1 2 . 5 1  0 . 55 NS 

Coat x Rank x S ex 1 8 . 06 1 . 7 7 NS 

Coat x Asp . x S ex 1 7 . 4 3 1 .  6 3  N S  

Rank x Asp .  x S ex 1 6 . 33 1 .  39 NS 

Error 60 4 . 5 5 
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dep ths ( Tables 4 2 ,  4 3) and mids ide wool weights ( Table 46) . I t  may 

also have been related to the apparent tendency for the lambs in the 

previous experiment to dry out after some t ime in the clima te chambers , 

an e ffect which would have reduced the ir  requirement for body heat 

p roduc tion comp ared with the lambs in this experiment . 

Birthcoat type again exerted a s ignificant effect on me tabolic  

rate , the hairy lambs producing app roxima t ely 1 1 % less body heat  than 

the non-hairy group . This difference is somewhat smaller than that 

between the Romney and Drysdale-cross lambs in the previous exper iment 

and is presumably a consequence of the limited heat produc t ion in the 

high propor t ion of non-hai ry lambs which attained summit metabol ism . 

In addition, the dif ference between the hairy and non-hairy l ambs in 

birthcoat dep th was found to be  less than that  be tween the corresponding 

groups in the p revious s tudy (Tables 4 2 ,  43) . 

Male lambs had signif icantly lower me tabolic rates than the 

females which contras ts with the resul t s  of Chap ter IV ( in which 

differences be tween the sexes were no t s ignificant ) . This effect  can-

no t be explained s imply in terms o f  bodyweigh t  differences s ince the 

be tween-sex differences in mean bodywei ght were s imilar for these lambs 

(0 . 45 kg , Tab le 48) and for those in the previous chap ter (0 . 4 3 kg , 

Table 3 1 ) . Nor is i t  l ikely to be  explained by a greater sens i t ivity 

of metaboli c  rate to bodyweight d i fferences at lower bodyweigh ts s ince 

these lambs wer e ,  on average , only 0 . 29 kg l i ghter than the lambs in 

Chap ter IV . Birthrank did no t s ignif icantly af fec t me tabolic  rate , 

desp ite i t s  s ignificant effect on the proportion o f  lamb s  attaining 

summit me tabolism.  
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Al though nei ther b ir thrank nor airspeed affected heat product ion , 

the interac t ion o f  these fac tors with s ire of  the lamb was s igni f i cant 

( P < . OS) . Among the p rogeny o f  s i re D 140 / 7 ,  single-born lamb s  exposed 

to  s t ill  air had s ignif icantly lower metabolic rates than the twin 

lambs , but d i f ferences b e tween the b irthranks were not s ignificant in 

moving air . In contras t ,  the effects o f  b ir thrank and airspeed were 

additive among the progeny of the o ther s ire . The nature o f  this 

interaction s uggests the pos s ibility o f  non-addi t ive effects  of s ire 

and b irthrank on the lamb ' s b irthcoat s t ructure , but these e f fe c ts 

were not identified by the analyses o f  b ir thcoat dep th and mids ide 

wool weight ( s e c t ion 4 of this chap ter) . I t  should also be  no ted 

that the e f f e c t  of  airspeed would have b een s ignificant ( P < . 00 1 ) had 

the model been t reated as being fully f ixed . 

An analys i s  of  heat product ion data for only the non-summit lambs 

produced essential ly the same results as that involving all the lamb s . 

Sex and b ir thcoat type again exerted s i gnificant effects on heat pro-

duction while the remaining treatments were non-s ignif icant . D i ffer-

ences b etween the treatment means were sligh tly reduced which is to be 

expected in view o f  the manner in which the summit lambs were distributed 

between the treatment groups . 

3 .  Rec t al temperature 

I n  contras t to the Romney and Drysdale-cross comparison des cribed 

in Chap ter I V , differences between the birthcoat types were s ignif icant 

only at the 10%  level and , in this experiment , the hairy lambs had the 

higher rectal temperatures when heat produc tion s tabi l i zed ( Tab le 38) . 

Moreover ,  the 2 groups  had virtually identical pre-tes t rectal 

tempera tures (Tab le 39) which were 0 . 3  to 0 . 7
°

C higher than those 
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TABLE 38 : EFFECT OF S IRE, B IRTHCOAT TYPE, B IRTHRANK, A IRSPEED 
AND SEX ON THE RECTAL TEMPERATURES OF LAMBS AT 1 00C 
AMB IENT TEMPERATURE 

C lass ificat ion 

Sex 

Male 

Female 

Both s exes 

S ire 

D 1 40 / 7 39 . 65 

D46/ 7 3 9 . 7 2 

Birthcoat  type 

Non-hairy 39 . 5 1 

Hai ry 39 . 86  

B ir thrank 

S ingle 3 9 . 9 5 

Twin 39 . 42 

Rec tal Temperature (OC )  Mean ± S . E .  

- 1  
Nominal airspeed (m sec ) 

0 . 0 

39 . 6 3 ± 0 . 1 6ab 

( 2 3 )  

39 . 7 6 ± 0 . 1 7a 

( 20)  

3 9 . 69  ± 0 . 1 2  
( 4 3 )  

± 0 . 1 2  ( 4 2 )  

± 0 .  1 2  ( 4 4 )  

± 0 .  1 2  ( 4 5 )  

± 0 . 1 2  ( 4 1 )  

± 0 . 1 2  ( 4 2 )  

± 0 . 1 2  ( 44 )  

1 . 5  

4 0 . 0 1  ± 0 . 1 6b 

( 2 3 )  

39 . 35 ± 0 . 1 7a 

( 2 0 )  

39 . 68 ± 0 . 1 2  
( 4 3 )  

Both airspeeds 

39 . 82  ± 0 . 1 1  
( 4 6 )  

39 . 5 6 ± 0 . 1 2  
(40 )  

. . .  / cont inued 
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TABLE 38 , cont inued 

Analys is o f  Variance 

Source o f  Var iat ion d .  f .  Mean Square F 

Sire  1 0 .  1 1  0 . 1 8  NS 

Birthcoat Type ( Coat) 1 2 . 37 3 . 7 8t 

Bir thrank (Rank) 1 5 . 57 8 . 9 1**  

Airspeed (Asp . )  1 0 . 0 1  0 . 00 NS 

Sex 1 1 .  42  0 . 47 NS  

S ire x Coat 1 1 . 1 1 1 .  7 8  NS 

S i re x Rank 1 0 . 3 7 0 . 59 NS 

S ire x Asp . 1 0 . 00 0 . 0 1  NS 

S ire  x Sex 1 0 . 2 6 0 . 4 1 NS 

Coat x Rank 1 0 . 02 0 . 04 NS 

Coat x Asp . 1 0 . 0 1 0 . 0 1  NS 

Coat x Sex 1 1 .  20 1 .  9 2  NS 

Rank x Asp . 1 0 . 02 0 . 03 NS 

Rank x Sex 1 0 . 07 0 . 1 1  NS 

Asp . x Sex 1 3 . 00 4 . 80* 

S ire x Coat x Rank 1 1 .  2 1  1 .  9 4  NS 

S ire x Coat x Asp . 1 0 . 50 0 . 80 N S  

S ire x Coat x Sex 1 1 . 72 2 . 7 5t 

S ire x Rank x Asp . 1 0 . 1 9 0 . 3 1  NS 

S ire x Rank x Sex 1 0 . 0 1  0 . 02 NS 

S ire x Asp . x S ex 1 0 . 1 8  0 . 29 N S  

Coat x Rank x Asp . 1 0 . 93 1 . 48 N S  

Coat x Rank x Sex 1 0 . 03 0 . 05 NS 

Coat x Asp . x S ex 1 0 . 0 1  0 . 0 1 N S  

Rank x Asp . x S ex 1 0 . 56  0 . 89 N S  

Error 60 0 . 63  



1 9 1 

measured at s table heat product ion .  Hence the lower rectal tempera-

tures of the non-hairy lambs can be accounted for solely by their  

greater rate  of  decline in  rectal temperature ( RDRT) during this 

" firs t per iod" (Tab l e  40) . Treatment e f fects  on the RDRT ( f irs t 

period and whole experiment)  were , however ,  s i gnif icant only at the 

10% level , even for t reatments which dif fered subs tant ially in the 

propo r t ion of lambs def ined as having a t tained summit me tabolism . 

While this was par t ly due to the arb i trary manner in which the at tain-

ment o f  summit met abolism was of necess ity def ined , it also re flects 

variation in the RDRT induced by lambs whos e  rectal temperatures 

increased by varying amounts upon ini tial exposure to cold . Never-

theless , the greater rate o f  decline in rec tal  temperature (over  both 

measurement period s )  among the non-hairy lambs is cons is tent with the ir 

higher me tabolic rates and more frequent attainment of summit metabolism 

(as defined in this chap ter) . 

The rectal temperatures o f  twin-born lambs (at s table heat p ro-

0 
duc t ion) were , on average , 0 . 5  C lower than those o f  s ingle lambs 

( P < . 0 1 ,  Table 38) . Unlike the effect  o f  b irthcoat type , this d i f fer-

ence partly reflects  differences which exis ted at the commencement of 

the tes t . Thus the pre-test  rectal temperatures of  the s i ngle lambs 

0 
were 0 . 34 C greater than those of the twins ( P < . OO l ,  Tab le 39 ) . The 

rectal temperatures of  the twins declined 50% fas ter than those o f  the 

s ingles , but the e ffect of b irthrank approached s ignificance ( P < . 1 0 )  

only when RDRT was calculated over the "whole experiment " period 

(Table 40) . However , despite having a greater RDRT over this period , 

and attaining s ummit metabolism more frequently , the twin-born lambs 

did not have a s i gnif i cantly greater metabolic rate than the s ingles 

( Table 3 7 ) . Thi s  suggests  that the twins may have had a s li gh t ly 
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TABLE 39 : EFFECT OF S IRE, B IRTHCOAT TYPE, BIRTHRANK, AND SEX 
ON PRE-TEST RECTAL TEMPERATURE 

C lass i fication 

S ire 

D l 4 6 / 7  

D46 / 7  

Birthcoat t:n�e 

Non-hairy 

Hairy 

Birthrank 

S ingle 

Twin 

Sex 

Male 

Female 

Source  o f  Var ia t ion 

S ire 

B irthcoat Type (Coat)  

·Birthrank (Rank) 

Sex 

S ire x Coat 

S ire x Rank 

S ire x Sex 

Coat x Rank 

Coat x Sex 

Rank x Sex 

S ire  x Coat x Rank 

S ire x Coat x Sex 

S ire x Rank x S ex 

Coat x Rank x S ex 

Error 

Pre-Tes t Rectal Temperature (OC ) Mean ± S . E .  

40 . 1 3  ± 0 . 06 ( 4 2 )  

40 . 24 ± 0 . 0 6 ( 44 )  

40 . 1 9  ± 0 . 0 6 ( 4 5 )  

4 0 . 1 8  ± 0 . 0 6 ( 4 1 )  

40 . 35 ± 0 . 06 ( 4 2 )  

40 . 0 1 ± 0 . 06 (44)  

40 . 1 8  ± 0 . 08 ( 4 6 )  

4 0 . 1 9  ± 0 . 06 (40)  

Ana lys is of  Variance 

d.  f .  Mean Square F 

1 0 . 24 1 .  5 1  NS 

1 0 . 00 0 . 0 1  NS 

1 2 . 29 1 4 . 3 8***  

1 0 . 00 0 . 03 NS 

1 0 . 62 3 . 88t 

1 0 . 06 0 . 38 N S  

1 0 . 05 0 . 34 NS 

1 0 . 1 0  0 . 62 NS 

1 0 . 1 6  1 . 02 NS 

1 0 . 0 1  0 . 08 NS 

1 0 . 3 7  2 . 29 NS 

1 0 . 2 7  1 .  7 1  NS 

1 0 . 00 0 . 00 NS 

1 0 . 06 0 . 3 7 NS 

7 1  0 . 1 6  
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TABLE 40 : EFFECT OF S IRE , B IRTHCOAT TYPE� B IRTHRANK , AIRS PEED AND 
SEX ON THE RATE OF DECLINE IN RECTAL TEMPERATURE IN TWO 
MEASUREMENT PERIOD S 

Clas s i f icat ion Rate of Decline in Rectal TemEerature ( oc m in ) 
Mean ± S . E .  

Sire First Eer iod Whole exEer iment 

D 1 40/ 7 0 . 0 2 2  ± 0 . 006  0 . 02 4  ± 0 . 006  ( 4 2 )  

D46 / 7 0 . 028 ± 0 . 00 6  0 . 030 ± 0 . 006 ( 44 )  

Birthcoat t.z:Ee 

Non-hairy 0 . 034 ± 0 . 00 6  0 . 0 3 6  ± 0 . 006 ( 4 5 )  

Hairy 0 . 0 1 6  ± 0 . 006 0 . 0 1 8  ± 0 . 00 6  ( 4 1 )  

Birthrank 

S ingle 0 . 020 ± 0 . 006  0 . 0 1 9  ± 0 . 006 ( 4 2 )  

Twin 0 . 030 ± 0 . 006 0 . 0 3 5  ± 0 . 006 ( 44)  

Nominal airsEeed 
- 1  

(m sec ) 

0 . 0 0 . 020  ± 0 . 006  0 . 020  ± 0 . 00 6  ( 4 3 )  

1 . 5  0 . 029  ± 0 . 006  0 . 0 3 4  ± 0 . 006  ( 4 3 )  

Sex 

Male 0 . 0 1 6  ± 0 . 006 0 . 0 1 9  ± 0 . 006  ( 4 6 )  

Female 0 . 034  ± 0 . 005  0 . 0 3 5  ± 0 . 006 (40)  

. . . . .  / cont inued 
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TABLE 40 ,  cont inued 

Analys is of  Var iance 

(First  Period) (Whole ExEeriment )  

Source of  Variat ion d .  f .  Mean Square F Mean Square F 

S ire 1 0 . 00 1  0 . 3 7 NS 0 . 00 1  0 . 39 NS 

Birthcoat Type (Coat)  1 0 . 007  3 . 54 t 0 . 007  3 . 9 6 t 

Birthrank (Rank )  1 0 . 002  1 .  06  NS 0 . 005  2 . 9 0 t 

Airspeed (Asp . ) 1 0 . 002 0 . 85 NS 0 . 004  2 .  1 9  NS  

Sex 1 0 . 006  3 . 3 8 t 0 . 005  2 . 8 1 t 

S ire x Coat  1 0 . 004 2 . 2 2 NS 0 . 00 3  1 .  5 9  N S  

S ire x Rank 1 0 . 00 0  0 .  1 1  NS 0 . 000 0 . 03 NS 

S ire x Asp .  1 0 . 000 0 . 0 5  N S  0 . 00 1  0 . 2 6 NS 

S ire x Sex  1 0 . 00 1  0 . 4 2 NS 0 . 000 0 . 1 5  NS 

Coat x Rank 1 0 . 000 0.  1 1  NS  0 . 000 0 . 00 NS 

Coat x Asp . 1 0 . 002 1 .  00  NS 0 . 00 1  0 .  7 2  NS 

Coat x Sex 1 0 . 0 0 1  0 . 32 NS 0 . 000 0 . 08 NS 

Rank x Asp .  1 0 . 0 0 1  0 . 37  NS 0 . 00 1  0 .  7 1  NS 

Rank x Sex 1 0 . 002 1 .  2 7  NS 0 . 003 1 .  66  NS 

Asp . x S ex 1 0 . 002 1 .  2 7  N S  0 . 00 3  1 .  7 9  N S  

S ire x Coat x Rank 1 0 . 00 1 0 . 58 NS 0 . 00 2  0 . 86 NS 

S ire x Coat  x Asp . 1 0 . 00 1  0 . 63 NS 0 . 00 2  1 .  29  NS 

S ire x Coat  x Sex 1 0 . 00 1  0 . 58 NS 0 . 002 1 .  2 3  NS 

S ire x Rank x Asp . 1 0 . 00 1  0 . 32 NS 0 . 00 1  0 . 2 7 N S  

Sire x Rank x Sex 1 0 . 000 0 . 02 NS 0 . 000 0 . 00 N S  

S ire x Asp . x Sex 1 0 . 00 2  1 . 1 1  NS 0 . 00 1  0 . 48 NS 

Coat x Rank x Asp . 1 0 . 00 1  0 . 3 2  NS 0 . 00 1  0 . 40 N S  

Coat x Rank x Sex 1 0 . 000 0 . 05 NS 0 . 000  0 . 08 NS 

Coat x Asp . x Sex 1 0 . 000 0 . 0 5 NS 0 . 00 0  0 . 0 7 NS 

Rank x Asp . x Sex 1 0 . 00 1  0 . 48 NS 0 . 00 0  0 . 26 NS 

Error 60 0 . 002  0 . 002  
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poorer ab ility to  produce body hea t  (i . e .  a lower level o f  s ummit 

me tabolism) than their s ingle-born peers . A s imilar effect  o f  birth-

rank on summit metabolism was repor ted by Alexander and Bell ( 19 75a) , 

although i t  was observed in only one o f  the b reeds and crosses s t udied . 

The rec tal temperatures o f  female lambs decl ined twice as fas t as 

those of the male lambs (Table 40)  . Al though this difference was 

s i gnificant only at t he 10% level it is again consistent with the 

e ffects of sex on hea t p roduct ion and on the proportion of lambs 

attaining summit metabolism . The mechanism of this e f fect  is , how-

ever , unknow:n . I t  s eems unlikely to have been related to bodyweigh t  

differences f o r  reasons which have already been d iscussed . Nor can 

it be explained by dif ferences in b ir thcoat insulation s ince , as will 

be d iscussed later , there were no e ffects o f  sex on any of the b ir th-

coat characteris t ics measured . 

Among the "non-summit" lambs , b ir thcoat type did no t significantly 

affect rectal temperature at  s table heat produc t ion (Table 4 1 ) , so  

illustrating that the small diffe rence shown in Table 38 was primarily 

due to the greater propo r t ion o f  non-hairy lambs which attained summit 

metabol ism . The b ir thrank effect  was s imilarly non-s ignificant al-

though s i gnif icance would have occurred had the model been fully f ixed 

( i . e .  had the birthrank mean square been tes ted agains t the error term 

rather than agains t the b ir thcoat type x birthrank x sex interaction) . 

Thus even after the removal o f  the summit lambs , the s i ngles s t ill 

exhib ited  higher rec tal temperatures than the twins by an average o f  

0 
0 . 27 c .  
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TABLE 4 1 : EFFECT OF S IRE, B IRTHCOAT TYPE , B IRTHRANK, A IRSPEED AND 
SEX ON THE RECTAL TEMPERATURES OF LAMBS AT 1 0°C AMBIENT 
TEMPERATURE : NON-SUMMIT LAMBS 

C lass i f icat ion 

Birthcoat type 

Non-hairy 

Hairy 

S ire 

D l 40/ 7 

D46/ 7 

S ire  

D l 40 / 7 

D 4 6/ 7 

Birthcoat  type 

Non-hairy 

Hairy 

Birthrank 

S ingle 

Twin 

Nominal airseeed 

0 . 0  

1 . 5  

Sex 

Male 

Female 

Rectal Temperature (OC)  Mean ± S . E .  

Male 

Birthrank 

S ingle 

Twin 

S ingle 

Twin 

40 . 36  ± 0 . 1 3b 

( 1 2 )  

3 9 . 7 3  ± 0 . 1 9a 

( 6 )  

40 . 1 2  ± 0 . 1 3
ab 

( 1 2 )  

39 . 8 5  ± 0 . 1 6
a 

( 9 )  

40 . 1 6 ± 0 . 08b 

( 1 9 )  

39 . 87 ± 0 . 1 1b 

( 2 0 )  

3 9 . 9 7 ± 0 . 1 5  

40 . 0 1 ± 0 . 1 5 

( 30 )  

( 34 )  

3 9 . 9 9 ± 0 . 1 0  

40 . 00  ± 0 . 08 

40 . 1 3  ± 0 . 09 

39 . 86 ± 0 .  1 1  

( 2 8 )  

( 36 )  

( 3 6 )  

( 28 )  

(m 
- 1  

sec ) 
39 . 94 ± 0 . 08 ( 3 3 )  

40 . 04 ± 0 . 1 0  ( 3 1 )  

40 . 02 ± 0 . 06 ( 39 )  

39 . 9 7 ± 0 . 1 1  ( 2 5 )  

Sex 

Female 

39 . 80 ± 0 . 1 9a 

( 7 )  

40 . 0 7 ± 0 . 30a 

( 3 )  

40 . 25 ± 0 . 22a 

( 5 )  

39 . 7 7 ± 0 . 1 6
a 

( 1 0 )  

39 . 79  ± 0 . 1 7a 

( 1 1 )  

40 . 1 5  ± 0 . 1 4b 

( 1 4 )  

. . . . .  / con tinued 
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TABLE 4 1 , cont inued 

Analys is of Variance 

Source of Varia t ion d .  f .  Mean Square F 

S ire 1 0 . 00 0 . 00 NS 

Birthcoat Type (Coa t )  1 0 . 00 0 . 03 NS 

Birthrank (Rank) 1 1 . 0 1  0 . 80 NS 

Airspeed (Asp . )  1 0 . 30 1 .  47  NS 

Sex 1 0 . 15  0 . 08 N S  

S ire x Coat 1 0 . 03 0 .  1 5  N S  

S ire x Rank 1 0 . 36 1 .  7 6  N S  

S ire x Asp . 1 0 . 63 3 . 08t  

S ire x Sex 1 1 .  82 8 . 90** 

Coat x Rank 1 0 . 07 0 . 06 N S  

Coat x Asp . 1 0 .  7 1  3 . 4 7 t  

Coat x Sex 1 0 . 20 0 . 1 6  N S  

Rank x Asp . 1 0 . 34 1 .  6 6  N S  

Rank x Sex 1 0 . 1 3  0 . 1 0  NS 

Asp . x Sex 1 0 . 46 2 . 25 NS 

S ire x Coat x Rank 1 0 . 5 3 2 . 59 NS 

S ire x C oat x Asp . 1 0 . 03 0 . 1 5 NS 

S ire x Coat x Sex 1 0 . 5 6 2 . 7 4 NS 

S ire x Rank x Asp .  1 0 . 1 7 0 . 83 NS 

S ire x Rank x Sex 1 0 . 02 0 . 1 0  N S  

S ire x Asp . x Sex 1 0 . 0 1  0 . 05 NS 

Coat x Rank x Asp .  1 0 . 00 0 . 00 NS 

Coat x Rank x Sex 1 1 .  26  6 . 1 6* 

Coat x Asp . x Sex 1 0 .  1 7  0 . 83 NS 

Rank x Asp . x Sex 1 0 . 1 3 0 . 64 NS 

Error 3 8  0 . 20 



4 .  Characteristics o f  the b irthcoat  

(a)  Depth of b i r thcoat 

( i) T reatment e ffects on b irthcoat dep th 
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I n  this experiment , a s  in Chap ter IV , relat ionships b e tween 

the b ir thcoat dep ths and o ther parameters were s imilar for both 

the s ites  examined ( at the mids ide and hip pos i t ions ) . The 

analyses will there fore b e  dis cussed for only one o f  the pos i tions 

(hip) excep t where important dif ferences occurred . 

Birthcoat type again exerted a highly signi f icant effect  on 

hip coat depth ( Table 4 2 )  al though the difference b e tween the mean 

dep ths o f  the hairy and non-hairy lambs was smaller than be tween 

the wet Romney and Drysdale-cross lambs in the p revious experi-

ment . This was p rimarily due to  the hairy lambs having a much 

lower hip  coat dep th (by 3 mm) than the we t Drysdale-cross es , and 

the difference was even more pronounced a t  the mids ide pos i t ion . 

Whether this was due to gene ti c  or  nutritional dif ferences is no t 

clear . Evidence p resented in the p revious chap ter that deeper 

coats may be mo re sens i tive to nutritional res t r ic t ion , toge ther 

with the difference in bodyweigh t  between lambs in the 2 experi-

ments , s ugges ts tha t  a small nut r i tional e f fect might have been 

involved . However , in this experiment hip  birthcoat depth was 

independent of bodyweigh t  as is indicated by the non-s igni f icant 

- 1  
overall ( b  = 0 . 16 ± 0 . 5 7  mm kg , t

84 
= 0 . 2 7 , NS . )  and pooled 

within-class regress ions (Table 4 2 )  . The relationship between 

coat dep th at  the mids ide pos i tion and bodyweigh t  was s imilarly 

non-si gnificant ( Tab le 4 3 ) . 

S i re e f fects on hip b i r thcoat dep th were not s i gnif i cant 

� se but did interact with the effects of birthcoat type . 
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TABLE 42 : EFFECT OF S IRE, B IRTHCOAT TYPE, B IRTHRANK, SEX AND 
BODYWEIGHT ON HIP B IRTHCOAT DEPTH 

C las s i f icat ion Hip B ir thcoat Depth (mm ) Mean ± S . E .  

D 1 40/ 7 

Bir thcoat tyEe 

Non-hairy 8 . 6 ± 0 . 5a 

( 2 1 )  

Hairy 1 6 . 0  ± 0 . 5c 

( 2 1 )  

Both b irthcoat types 1 2 . 3 ± 0 . 4 

B irthrank 

S ingle 

Twin 

Sex 

Male 

Female 

( 4 2 )  

1 2 . 0 ± 0 . 4 

1 0 . 8 ± 0 . 3 

1 1 . 3  ± 0 . 3 

1 1 . 5  ± 0 . 4 

( 4 2 )  

( 4 4 )  

( 4 6 )  

( 4 0 )  

Sire 

D46/ 7 Both s ires 

7 . 8  ± 0 . 5a 8 . 2  ± 0 . 3  
( 24)  ( 4 5 )  

1 3 . 2  ± o . 5b 1 4 . 6  ± 0 . 4  
( 20)  ( 4 1 )  

1 0 . 5  ± 0 . 3 
(44 )  

. . . . .  /cont inued 
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Analys is of Var iance 

Source of Variat ion 

S ire 

B irthcoat  Type (Coa t )  

B irthrank 

Sex 

S ire x Coat 

S ire x Rank 

S ire x S ex 

Coat x Rank 

Coat x Sex 

Rank x Sex 

(Rank) 

S ire x Coat x Rank 

S ire x Coat x Sex 

S i re x Rank x Sex 

Coat x Rank x Sex 

Error 

d .  f .  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

7 1  

Mean Square 

66 . 02 

864 . 22 

2 6 . 45 

0 . 70 

24 . 07 

3 . 48 

5 . 5 7 

9 .  1 7  

1 . 04 

5 . 85 

1 0 . 34 

2 . 79 

8 . 59 

6 . 2 1  

5 . 1 3 

Analys is of Covar iance 

Source of Variat ion 

Main effects  model (above) 

Intra-class ( b ir thcoat type) 
regress ion o f  hip coat dep th 
on body weight 

Pooled within-c lass 

Dif ference 

Residual error 

d .  f .  

1 4  

2 

69  

Mean Square 

7 4 . 8 1 

3 . 39 

1 0 . 69 

1 6 . 09 

5 . 1 8  

F 

2 . 7 4 NS 

3 5 . 9 1 *** 

5 . 1 6* 

0 .  1 4  NS 

4 . 69* 

0 . 68 NS 

1 .  0 9  NS 

1 .  7 9  NS 

0 . 2 0  NS 

1 .  14  NS 

2 . 0 2 NS 

0 . 5 4 NS 

1 .  6 8  NS 

1 .  2 1  NS 

F 

0 . 6 5 NS 

200 

0 . 1 3  NS 

1 .  18 NS 
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TABLE 43 : EFFECT OF S IRE, B IRTHCOAT TYPE,  B IRTHRANK, SEX AND 
BODYWE IGHT ON MIDS IDE BIRTHCOAT DEPTH 

C las s ification Mids ide B i rthcoat DeJ:!th (mm) Mean ± S . E . 

Sire 

D 1 40/ 7 1 2 . 2  ± 0 . 3 ( 42 )  

D46 / 7 1 1 . 4 ± 0 . 3 ( 4 4 )  

Bir thcoat tne 

Non-hairy 9 . 2  ± 0 . 3  ( 4 5 )  

Hairy 1 4 . 4  ± 0 . 3 ( 4 1 )  

Bir t hrank 

S ingle 1 2 . 4  ± 0 . 3  ( 4 2 )  

Twin 1 1 . 3  ± 0 . 3  ( 4 4 )  

Sex 

Male 1 1 . 7  ± 0 . 4 ( 4 6 )  

Female 1 1 . 9  ± 0 . 3  (40)  

Analzsis o f  Variance 

Source of Variat ion d .  f .  Mean Sguare F 

S i r e  1 1 5 . 2 1  3 . 6 8 t  

Bir t hcoat Type (Coat)  1 5 80 . 3 1 1 4 0 . 46*** 

B i r t hrank ( Rank) 1 2 6 . 1 7  6 . 3 3* 

Sex 1 0 . 80 o .  1 9  NS 

S ire  x Coat 1 9 . 8 1 2 . 37 NS 

S ire x Rank 1 0 . 67  0 .  1 6  NS 

Sire  x Sex 1 0 . 25 0 . 06 N S  

Coat x Rank 1 0 . 58 0 . 1 4  NS 

Coat x Sex 1 0 . 84 0 . 20 N S  

Rank x Sex 1 6 . 1 2  1 .  48  NS  

S i re x Coat x Rank 1 4 . 25 1 . 0 3 N S  

S ire x Coa t x Sex 1 8 . 1 2  1 .  9 6  N S  

S ire  x Rank x Sex 1 9 . 2 9 2 . 25 N S  

Coa t X Rank X Sex 1 4 . 99 1 .  2 1  N S  

Erro r  7 1  4 . 1 3  

. . • . .  / cont inued 
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TABLE 43 , cont inued 

Analys is of Covar iance 

Source of Variation d . f .  Mean Sg,uare F 

Main effects model ( ab ove ) 1 4  4 6 . 99 

Intra- class (birthcoat type ) 2 2 . 28 0 . 5 4 NS 
regress ion of  mids ide coat 
depth on bodyweight 

Pooled within-class 1 3 . 24 0 .  7 7  NS 

D i fference 1 1 .  3 3  0 . 32 NS 

Res idual error 69  4 . 1 9 
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While no  s ignif icant diffe rence exis ted b etween the non-hairy 

p rogeny of the 2 s ires , the hairy progeny of sire D l40 / 7 had 

coats which were , on average , 2 . 8  mm deeper than those of the 

hairy lambs s ired by D46 / 7 .  In this experiment the progeny and 

their dams were managed in such a way as to satis fy the cri teria 

of a progeny tes t ( i . e .  the dams were randomly ass igned to s ire 

group ; they were managed identically except  at mating ; and the 

progeny were unselected ) . Hence the s ignif icant dif ference 

b e tween the hairy p rogeny o f  each s ire in hip birthcoat dep th 

mus t represent a genetic  e f fect . Acros s both coat types the 

p rogeny of s ire D l40/ 7 had hip coat dep ths approxima tely 1 . 8 mm 

greater than thos e  of s ire D46 / 7 and this difference would also 

have been s ignif icant ( P < . OO l ) had sires b een t reated as a f ixed 

e f fect (Table 4 2 ) . 

At the mids ide pos i t ion,  the effects  o f  s ire and b irthcoat 

type were addi tive (Table 43) . S ire D l4 0 /7 again produced p rogeny 

with deeper b ir thcoats , their dep th a t  the mids ide pos ition being 

0 . 8  mm greater than those o f  the o ther s ire ' s progeny . While 

this dif ference was les s than at the hip position it  approached 

s ignificance at the 5% level and is again likely to be genetic  

in origin . 

I t  is perhaps not surpris ing that the effect  o f  s ire o n  

l amb b ir thcoat dep th was small , particularly s ince only 2 s ires 

were involved and they were themselves p aternal half-brothers . 

Nevertheles s , the validity o f  the progeny tes t (both in terms o f  

the managemen t  o f  ewes and lambs , and the numbe r  o f  p rogeny 

representing each s ire) s trongly sugges t s  that the be tween-s ire 

differences were gene tically-controlled . Hence i t  seems l ikely 
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that a gene t ic bas is migh t exis t upon which sele c t ion p lans could 

be developed for the improvement of bir thcoat depth in newborn 

lambs . 

The b irthcoat depths o f  s ingle-born lambs exceeded those o f  

twins by j us t  over 1 mm a t  each o f  the measurement s ites ( P < . OS ,  

Tables 4 2 ,  43 ) . Al though small in absolute terms , this difference 

is approximately 1 2% o f  the mean non-hairy coat depth and is 

therefore likely to represent a difference b e tween the b ir thranks 

in that component o f  insulation which is related to depth . The 

lower b ir thcoat dep th of the twin lambs was , as might be expec ted , 

associated with their lower bodyweight ( Table 48)  des pite the non-

s igni f icance of the regress ions of coat dep th on bodyweigh t .  

( ii) Heat produc t ion and coat dep th 

The overall regres s ion coefficient of  heat production on hip 

b ir thcoa t  dep th was b = -0 . 25 ± 0 . 06 W kg
- 1  

mm
- 1  

which was o f  a 

s imilar magnitude and s ignif icance ( t
84 

= 4 . 0 3 ,  P < . 0 0 1 )  to the 

correspond ing relationsh ip at 5°C in Chap ter IV . In contras t to 

the previous exper iment ,  the wi thin-b irthcoat type regress ions 

were s i gnificantly d i fferent at  the 5% leve l ,  the regress ion co­

effic ients being b = -0 . 45 ± 0 . 1 8 W kg
- 1  

mm
- 1  

( t
4 3  

= 2 . 44 , P< . 0 5 )  

- 1  - 1  
for the non-hairy lambs and b = 0 . 06  ± 0 . 1 5 W kg mm ( t39 

0 . 39 ,  NS . )  for the hairy group . When th is analysis was repeated 

for only those lambs which did no t attain summi t me tabolism, the 

overall regress ion of heat produc tion on h ip coat dep th remained 

highly s ignif icant but the with in-birthcoat type regress ions were 

now homo geneous . This was presumably a consequence o f  the 

removal , from the analys is , of the summit lambs which tended to 

have h igh levels of heat product ion and low b ir thcoat dep ths 
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TABLE 44 : TEST OF HOMOGENEITY OF THE W ITHIN-CLASS ( BIRTHCOAT TYPE) 
REGRESS IONS OF HEAT PRODUCT ION AT 1 0°C AMBIENT TEMPERATURE 
ON HIP BIRTHCOAT DEPTH 

Analys is of Covariance 

Source of Variat ion 

Ma in effects model (Tab le 3 7 )  

Int ra-class (bir thcoat type) 
regres s ion o f  heat product ion 
on hip coat depth 

Pooled w ithin-class 

Dif ference 

Res idual error 

d .  f .  

25  

2 

58  

Mean Square 

1 1 . 63 

1 3 . 0 1 

1 6 . 2 5 

1 1 9 . 7 8  

4 . 26 

F 

3 . 06 t  

1 . 4 7 N S  

4 . 65* 
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(Table 3 6 ) . However , the apparent absence  o f  heterogeneous 

wi thin-b irthcoat type regress ions in this experiment does no t 

negate the conclus ions drawn abou t a curvilinear relationsh ip 

b e tween heat p roduction and coat dep th in Chapter IV . In that 

experiment the relationsh ip was no t al tered by the exclus ion o f  

the few l ambs which attained summi t me tabol ism and the within-

birthcoat type regress ions were  he terogeneous only at  the 1 0 %  

level ( fo r  2 o f  the b ir thcoat charac teris tics ) . I t  is therefore 

no t too surpris ing that the corresponding regress ions were homo-

geneous among the non-summi t  lambs in this experiment , p ar ti cularly 

s ince the difference in coat dep th between the coat types was less 

than in the previous experiment . 

The relations h ip b e tween heat production and mids ide coat 

dep th was essent ially the same as that for the h ip s ite , with one 

excep t ion . In add i t ion to the with in-b irthcoat type regress ions 

being heterogeneous , the within-sex regress ions were also s ignif i-

cantly d i fferent when all lambs were included in the analys is 

(Table 4 5 ) . Thus heat p roduction was related to mids ide coat 

depth in the male lambs (b  = -0 . 46 ± 0 . 1 9 W kg
- 1  

P< . 05 )  but  no t in the females ( b  = 0 . 29 ± 0 . 1 8 W 

- 1  mm , t44 = 2 . 45 , 

- 1  - 1  
kg mm 

t
38 

= 1 . 6 2 ,  NS . ) . Whi le this d i fference is super f i cially 

s imilar to tha t  be tween the b i r thcoat types , i t  mus t  be  remembered 

that the sexes , unlike the coat types , did no t have s igni f icantly 

d i fferent mids ide coat dep ths ( Table 43)  . Hence the d i fferent 

wi thin-sex regress ions occurred over s imilar ranges of coat dep th . 

Furthermore ,  the d if ference b e tween these regress ions was associated 

with a greater suscep t ib ility of the female lambs to cold-s tress 

( as ind icated by their heat p rodu c t ion, rate of  decline in rectal 
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TABLE 4 5 :  TEST OF HOMOGENEITY O F  THE WITHIN-CLASS  (BIRTHCOAT TYPE , 
SEX) REGRESSIONS OF HEAT PRODUCT ION AT 100C AMBIENT 
TEMPERATURE ON MIDS IDE BIRTHCOAT DEPTH 

Analys is o f  Covar iance 

Source of Variat ion 

Main effects  model (Table 3 7 )  

Intra-class  (b irthcoat type) 
regres s ion of heat p roduct ion 
on midsid e  coat depth 

Poo led within- class 

Difference 

Res idual error 

Main effects  model (Tab le 3 7 )  

Intra-class (sex) regress ion 
of hea t p roduct ion on midside 
coa t  dep th 

Pool ed within-class 

Dif ference 

Res idual error 

d .  f .  Mean Square 

2 5  1 1 . 63 

2 20 . 08 

1 1 .  1 9  

1 38 . 9 6 

58 4 . 0 1 

2 5  1 1 . 63 

2 1 7 . 45 

1 1 . 1 9 

1 33 . 7 2 

58 4 .  10 

F 

5 . 00** 

0 . 30 NS 

9 .  7 1** 

4 . 2 5* 

0 . 29 NS 

8 . 22** 
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temperature and attainment of  summit  me tabolism) in comp lete 

contras t to the resul ts from Chap ter IV . I t  mus t therefore be 

concluded that the non-signif icant relationship be tween heat pro-

duc tion and mids ide coat dep th among the female lambs occurred 

no t becaus e var iation in coat dep th was unre lated to coat insulation 

but because a cons iderable proportion of the female lambs had 

attained summit me tabol ism . In suppor t  of  this conclus ion i t  was 

found that the wi thin-sex regress ions of heat produ c t ion on mids ide 

coat depth were homogeneous when the summi t lambs were excluded 

from the analys is . 

(b ) Mids ide wool  weight per unit area of  skin 

( i )  Treatment e f fects o n  mids ide wool weight 

The analys is of  variance for mids ide wool we igh t  is pre-

sented in Table 4 6 . Hairy lambs again had greater mids ide woo l  

weights than the non-ha iry lambs , b u t  this difference was o nly 

s igni f icant at the 5% level s ince it was tes ted agains t the sire x 

b irthcoat type x b ir thrank interac tion . S imilarly the effect  o f  

bir thrank was non-s ignificant al though it  would h ave been s ignif i-

cant had the model been treated as fully f ixed . As with the birth-

coa t dep ths , the e f fe c ts of b irthrank on mids ide wool  weigh t  

paralleled those o n  bodywe ight even though neither the overall 

-2 - 1  
( b  = 2 . 8 1  ± 1 . 8 5  mg cm kg , t

84 
= 1 . 5 2 ,  NS . )  nor the pooled 

wi th in-class regress ions (Table 46) of  mids ide wool  weigh t on lamb 

bodyweigh t  were s ignif icant at  the 5% level . 

The effec ts o f  birthcoat type and birthrank interacted 

s ignificantly with the s ire e f fects ( P < . 0 1 ) . Among the progeny 
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TABLE 4 6 : EFFECT OF S IRE, B IRTHCOAT TYPE , B IRTHRANK, SEX AND 
BODYWE IGHT ON MIDS IDE WOOL WE IGHT PER UNIT AREA OF SKIN 

Clas s i f icat ion 
-2 

Midside Wool  We ight /Un it Area (mg cm ) Mean ± S . E .  

B irthrank 

S ingle Twin 

S ire Birthcoat type 

D l 40 / 7 Non-hairy 4 3 . 0 ± 2 .  l
ab 

3 9 . 8  ± 3 . 5
a 

( 1 3 )  ( 8 )  

Hairy 6 3 . 7  ± 2 . 0
c 

5 1 . 3  ± 3 . l
b 

( 1 1 ) ( 1 0 )  

D46/ 7 Non-hairy 4 5 . 4 ± 3 . 0
b 

3 5 . 2  ± 2 . 9
a 

( 1 1 )  ( 1 3)  

Hairy 50 . 8 ± 3 . 0
b 59 . 3  ± 2 . 7b 

7 1 3  

S ire 

D l 40 / 7 49 . 4  ± 1 . 5  ( 4 2 )  

D46 / 7 4 7 . 7  ± 1 . 4  ( 4 4 )  

Bir t hcoat t;n�e 

Non-hairy 40 . 9  ± 1 . 5  ( 4 5 )  

Hairy 56 . 3  ± 1 . 7  ( 4 1 )  

Birthrank 

S ingle 50 . 7  ± 1 . 2  ( 4 2 )  

Twin 4 6 . 4 ± 1 . 5  ( 4 4 )  

Sex 

Ma le 4 7 . 9  ± 1 . 4  ( 4 6 )  

Female 49 . 2  ± 1 . 6  ( 40 )  

. . .  /cont inued 
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TABLE 4 6 ,  cont inued 

Analys is of Var iance 

Source of Variat ion 

S ire 

Bir thcoat Type (Coat)  

B ir thrank (Rank) 

Sex 

S ire x Coat 

S ir e  x Rank 

S ir e  x S ex 

Coat x Rank 

Coat  x S ex 

Rank x S ex 

S ire x Coat x Rank 

S ire x Coat x S ex 

S ire x Rank x Sex 

Coat x Rank x S ex 

Error 

d .  f .  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

7 1  

Mean Square 

1 5 . 1 1  

5930 . 0 3 

489 . 1 8 

3 6 . 48 

1 5 . 4 5 

23 9 . 40 

1 . 1 6 

1 1 2 . 42 

8 . 07 

1 1 3 . 02 

1 1 0 7 . 6 1 

203 . 2 6 

0 . 2 5 

1 .  9 1  

99 . 08 

F 

0 . 0 1  NS 

5 . 35* 

0 . 44 NS 

0 . 37 NS 

0 . 0 1 NS 

0 . 2 2  NS 

0 . 0 1 NS 

0. 10 NS 

0 . 08 NS 

1 .  14 NS 

1 1 .  1 8** 

2 . 05 NS 

0 . 00 NS 

0 . 02 NS 

Analys is of  Covariance 

Source o f  Var ia t ion 

Main effects model ( above ) 

Intra-class ( b ir thcoat type) 
regression of midside woo l 
weight on  bodyweight 

Pooled within-class 

D i f f erence 

Res id ual error 

d .  f .  

1 4  

2 

69  

1 

1 

Mean Square F 

5 65 . 4 1 

2 2 7 . 55 2 . 39t  

346 . 37 3 . 63t 

1 08 . 7 3 1 . 14 NS 

9 5 . 36  



2 1 1  

of sire D46 / 7 ,  bir thrank s ignif icantly affected the mids ide wool  

weights o f  non-hairy lambs but not of  the hairy lambs , while 

among the progeny o f  the other s ire the pat tern was reversed . 

This effec t cannot be explained in terms o f  bodywe ight d i f ferences 

since , wh ile birthcoat type was associated with bodywe ight d i f fer-

ences only among the progeny of s ire D46 / 7 ( Table 48) , the e ffects 

of  birthrank were addi t ive . Nevertheless the nature o f  the s ire 

x coat x rank interac t ion in mids ide wool weight  does sugges t the 

possibil i ty that nutrit ional effects were involved . 

S ire of  the l amb did no t s ignif i cantly affect i ts mids ide 

wool weigh t and , in contras t to the coa t  dep ths , the dif ference 

would no t h ave been s ignif icant had s ires been treated as a fixed 

effect . Hence there was no evidence for an effect of  s ire on 

the lamb ' s mids ide woo l  weight . 

( ii) Hea t  production and mids ide woo l  weight 

The overall regress ion coef ficient o f  heat produc tion on 

- 1  - 1  2 
mids ide wool  we ight  was b= -0 . 0 7 2  ± 0 . 0 20 W kg mg cm 

which , in contras t to the previous experiment ,  was highly s igni fi-

cant ( t
84 

= 3 . 6 7 ,  P < . 00 1 ) . The with i n-birthcoat type regress ions 

were no t s ignif icantly different but , as wi th mids ide coa t  depth , 

the within-sex regress ions were he terogeneous , al though only a t  

the 10% level (Table 4 7 ) . Again heat production was related to 

this coat characteri s t ic among the mal e  lambs (b = -0 . 090 ± 0 . 0 3 3  

W kg
- 1  

mg
- 1  

cm
2

, t
44 

= 2 . 76 ,  P < . 0 1 ) b u t  no t among the females 

- 1  - 1  2 
(b = 0 . 005 ± 0 . 038  W kg mg cm , t

38 
= 0 . 14 ,  NS . ) . The 

within-sex regressions were not, however ,  s ignificantly d i fferent 

when the summit lambs were excluded from the analysis and the 
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TABLE 4 7 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS ( S EX)  REGRESS IONS 
OF HEAT PRODUCTION AT 1 QOC AMBIENT TEMPERATURE ON MIDSIDE 
WOOL WEIGHT PER UNIT AREA OF SKIN 

Analys is of Covariance 

Source of Variation 

Main effects model (Tab le 3 7 )  

Intra-class (�) regression 
of heat product ion on midside 
woo l weight 

Pooled within-class 

Difference 

Res idual error 

d .  f .  

2 5  

2 

58  

Mean Square 

1 1 . 63 

1 6 .  1 1  

1 1 5 . 65 

1 1 6 . 5 6 

4 . 1 5  

F 

3 . 88* 

3 .  7 7t 

3 . 99t  



2 1 3  

explanat ion for this difference mus t be the same as for  the corres-

pond ing s i tuation with mids ide coat dep th . 

5 .  Bodyweigh t 

(a) Treatment effects on bodyweigh t  

Some o f  the treatment effects o n  the lamb ' s bodywe igh t a t  the time 

o f  tes ting have already been dis cussed i n  earl ier sections o f  this 

chap ter . As expected, male lambs were s ignif i cantly (P< . 0 1 )  heavier 

than females and single-born lambs were heavier than twins ( P < . 00 1 ,  

Table 48) . The effects o f  s ire and b ir thcoat type were no t s ignificant 

( in a mixed model analys is) but a s ignif icant (P< .05)  interac t ion did 

exis t between them . Thus the hairy progeny o f  sire D46 / 7 were heavier 

than the non-hairy progeny but no such differences exis ted among the 

progeny of the o ther s ire . However this e f fect  does no t appear to be 

respons ib le for any of  the corresponding treatment effects on b ir thcoat 

characteris t ics . In f act  the hairy progeny of  s ire D46 / 7 had s ignifi-

cant ly lower coat  dep ths ( at the hip s i te) than the hairy progeny o f  

D 140 / 7 (Table 4 2 )  des p i te their s igni f i cantly higher bodyweights . 

(b) Heat product ion and bodyweight 

The relationship between heat produc t ion and bodywe igh t  was again 

examined by double-logarithmic regress ion of total heat product ion on 

bodyweight ( as described in Chap ter I I) . The overall regress ion eo-

e f f icient of log total heat produc t io n  on log bodyweigh t  was 
e e 

b = 0 . 78 ± 0 . 1 1 which was highly s ignif icant ( t
84 

= 7 . 15 ,  P< . 00 1 ) . 

The pooled within-class regress ion was s imilarly s igni f icant . When all 

the lambs were included in the analysis  the wi thin-airs peed regress ions 

were heterogeneous ( Table 49) , but they were homogeneous when the s ame 
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TABLE 48 : EFFECT OF SIRE , BIRTHCOAT TYPE , B IRTHRANK AND SEX ON 
BODYWEIGHT 

Classif icat ion 

D 1 40 / 7  

Birthcoat tne 

Non-hairy 4 . 62 ± 0 . 1 3a 

( 2 1 )  

Hairy 4 . 44 ± 0 . 1 3a 

( 2 1 )  

Both b ir thcoat 4 . 5 3 ± 0 . 09 
types ( 4 2 )  

B ir thrank 

S ingle 5 . 1 1  ± 

Twin 4 . 24 ± 

Sex 

Male 4 . 90 ± 

Female 4 . 45 ± 

Bodywe ight (kg) Mean ± S . E .  

S ire 

D4 6 / 7 

4 . 68 ± 0 . 1 2a 

( 2 4 )  

4 . 9 7 ± 0 . 1 3b 

( 2 0 )  

4 . 82 ± 0 . 09 
( 44 )  

0 . 09 ( 4 2 )  

0 . 09 ( 44) 

0 . 09 ( 46 )  

0 . 09 ( 40 )  

B o t h  s ires 

4 . 6 5 ± 0 . 09 
( 4 5 )  

4 . 70 ± 0 . 09 
( 4 1 )  

. . .  / cont inued 



2 1 5  

TABLE 48 , continued 

Analys is of  Variance 

Source of Variat ion d .  f .  Mean Square F 

S ir e  1 1 . 7 1 1 . 1 6 NS 

Birthcoat Type (Coa t )  1 0 . 07 0 . 05 NS 

Bir thrank (Rank) 1 1 5 . 3 3 4 2 . 06*** 

Sex 1 4 .  1 2  1 1 . 29** 

S ire x Coat 1 1 .  4 7 4 . 0 5* 

S ire x Rank 1 0 . 09 0 . 24 NS 

S ire x Sex 1 0 . 00 0 . 0 1  NS 

Coat x Rank 1 0 . 2 4 0 . 65 NS 

Coat x Sex 1 0 . 06 0 . 1 5  NS 

Rank x Sex 1 0 . 05 0 . 1 5  NS 

S ire x Coat x Rank 1 0 . 0 7 0 . 1 9  NS 

S ire x Coat x Sex 1 0 . 0 1 0 . 04 NS 

S ire x Rank x Sex 1 0 .  18  0 . 50 NS 

Coat x Rank x Sex 1 0 . 2 1  0 . 58 NS 

Error 7 1  0 . 36 



TABLE 49 : TEST OF HOMOGENE ITY OF THE WITHIN-CLASS (AIRSPEED ) 
REGRESSIONS OF LOG TOTAL HEAT PRODUCT ION AT 1 0°C 
AMBIENT TEMPERATURE ON LOG BODYWEIGHT 

Analzs is of Covariance 

Source of Var iat ion d .  f .  Mean Sguare F 

Sire 1 0 . 2 1  0 . 82 NS 

Birthcoat Type (Coat )  1 0 . 22 0 . 86 NS 

Birthrank (Rank)  1 0 . 5 5 2 . 1 0 NS 

Airspeed (Asp . )  1 0 . 2 8 3 . 48t  

Sex 1 0 . 02 0 . 24 NS 

S ire x Coat 1 0 . 1 4  0 . 54 NS 

S ire x Rank 1 0 . 0 1 0 . 03 NS 

Sire x As p .  1 0 . 0 1 0 . 07 NS 

Sire x Sex 1 0 . 05 0 . 63 NS 

Coa t x Rank 1 0 . 1 5  0 . 56 NS 

Coat x Asp .  1 0 . 06 3 . 4 6t 

Coat x Sex 1 0 . 00 0 . 02 N S  

Rank x Asp .  1 0 . 00 0 . 1 1  NS 

Rank x Sex 1 0 . 00 0 . 24 NS 

Asp .  x S ex 1 0 . 00 0 . 0 1  NS 

S ire x Coat x Rank 1 0 . 2 6 1 5 . 02*** 

S ire x Coat x Asp . 1 0 . 03 2 . 04 NS 

S ire x Coat x Sex 1 0 . 00 0 . 04 N S  

S ire x Rank x Asp . 1 0 . 03 1 .  63  NS 

S ire x Rank x Sex 1 0 . 00 0 . 1 5  NS 

S ire x Asp .  x Sex 1 0 . 08 4 . 48* 

Coat x Rank x Asp . 1 0 . 04 2 . 44 NS 

Coat x Rank x Sex 1 0 . 02 1 .  3 7  NS 

Coat x Asp .  x Sex 1 0 . 00 0 . 0 1  NS 

Rank x Asp . x Sex 1 0 . 00 0 . 2 1 NS 

Intra-class (airspeed ) 2 0 . 34 1 9 . 7 4*** 
regress ion of  log total heat 
produc t ion on log bodyweight 

2 1 6  

Pooled within-class 1 0 . 57 33 . 68*** 

Difference 1 0 . 1 0  5 . 7 9* 

Residual error 5 8  0 . 02 



2 1 7  

analys i s  was performed us ing the data from only the non-summit lamb s . 

In this s ituat ion the pooled within-class regress ion coefficient was 

b = 0 . 82 ± 0 . 1 7 which was again highly significant (P< . 00 1 ) . 

An examinat ion o f  the overall and pooled within-class regres s ion 

coeffic ients from both the analys is involving all the lambs , and that 

involving only the non-summit lambs , showed that all these coe f f icients 

lay in the range 0 . 78 to  0 . 85 . I t  will be recalled f rom Chap ter IV 

that the pooled within-class regress ion coe f f icient of log THP on 
e 

log WT was also within this range (b  = 0 . 79 )  in that experiment . I t  
e 

seems reasonable to sugges t ,  therefore , that an appropriate exponent 

relat ing "ef fective sur face area" (Brody , 1 9 4 5 )  to bodywei ght would 

l ie in this range . Hence for the purposes o f  p redict ing the thermo-

regulatory l imits o f  lambs o f  d i f ferent bodyweigh ts an exponent o f  

this magnitude may b e  more appropriate than the lower f igure 

(b = 0 . 59 )  used by Alexander ( 1 9 6 2b) . 

6 .  Hind-limb skin temperature and the weight o f  wool on the limbs 

(a )  Treatment e f fects on skin temperature 

As in the previous experiment ,  airspeed exerted a s ignif icant 

e f fect on skin temperature at  s t able heat p roduct ion (Table 50) , the 

lambs exposed to moving air having skin temperatures which were about 

5°C lower than those of the lambs exposed to s t i l l  air . S ince the 

lambs in this experiment were being tes ted when wet , they were like ly 

to have all experienced p eripheral vasocons tric t ion. Accordingly , i t  

i s  sugges ted that the a irspeed e f fect was again due to dif ferent ial 

rates of equilibration in the skin temperatures o f  the lambs  exposed 

to the 2 levels o f  air movement . This dif f erence may have been 
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TABLE 5 0 :  EFFECT OF S IRE , B IRTHCOAT TYPE , BIRTHRANK , AIRSPEED AND 
SEX ON THE HIND-LIMB S KIN TEMPERATURES OF LAMBS  AT 1 0oc 
AMBI ENT TEMPERATURE 

Clas s i f i c a t ion 

Sire B ir thcoat 

D 1 40/ 7 Non-hairy 

D46/ 7 

Sir e  

Hairy 

Non-hairy 

Hairy 

D 1 40/ 7 

D46 / 7 

Bir thcoat type 

Non-hairy 

Hairy 

Bir thrank 

S ingle 

Twin 

t:z':I�e 

- 1  
Nominal airspeed (m sec ) 

0 . 0 

1 . 5  

Sex 

Male 

Female 

Hind-L imb Skin Temperature ( °C )  Mean ± S . E . 

Bir thrank 

S ingle 

1 9 . 94 ± 0 . 9 3
ab 

( 1 3 ) 

1 9 . 30 ± 1 . 02a 

( 1 1 ) 

2 1 .  3 2 ± 1 .  04 b 

( 1 1 )  

1 7 . 30 ± 1 . 30a 

( 7 )  

1 8 . 9 7 ± 0 . 54 

1 8 . 7 7  ± 0 . 5 3  

1 9 . 39 ± 0 . 5 2  

1 8 . 36  ± 0 . 5 4 

1 9 . 46 ± 0 . 5 5  

1 8 . 28  ± 0 . 5 2  

2 1 . 43 ± 0 . 5 3 

1 6 . 3 1  ± 0 . 5 3 

1 8 . 6 1  ± 0 . 50 

1 9 . 1 3  ± 0 . 5 7  

Twin 

1 9 . 2 6 ± 1 . 2 1
a 

( 8 )  

1 7 . 40 ± 1 .  0 7
a 

( 1 0 )  

1 7 . 04 ± 0 . 9 5
a 

( 1 3 )  

1 9 . 4 1  ± 0 . 9 4
a 

( 1 3 )  

( 4 2 )  

( 4 4 )  

( 4 5 )  

( 4 1 )  

( 4 2 )  

( 4 4 )  

( 4 3 )  

( 4 3 )  

( 4 6 )  

( 40 )  

. . .  / cont inued 
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TABLE 5 0 ,  cont inued 

Analys is of  Var iance 

Source of Var iat ion d .  f .  Mean Square F 

S ire 1 0 . 0 1  0 . 00 NS 

B irthcoat Type (Coa t )  1 9 . 30 0 . 09 NS 

Birthrank (Rank) 1 38 . 57 0 . 38 NS 

Airspeed (Asp . )  1 4 68 . 7 6 3 9 . 58*** 

Sex 1 2 .  78  0 . 2 3 NS 

S ire x Coat 1 0 . 02 0 . 00 NS 

S ire x Rank 1 1 .  25 0 . 0 1  NS 

S ire x Asp . 1 1 4 . 56 1 .  2 3  NS 

S ire x Sex 1 3 . 04  0 . 2 6 NS 

Coat x Rank 1 3 8 . 48 0 . 3 8  NS 

Coat x Asp . 1 1 .  6 1  0 .  1 4  NS 

Coat x Sex 1 0 . 1 7  0 . 0 1 NS 

Rank x Asp . 1 3 0 . 3 7 2 . 5 6 NS 

Rank x Sex 1 8 . 8 7 0 . 7 5  NS 

Asp . x Sex 1 1 . 86 0 . 1 6  NS 

S ire x Coat x Rank 1 1 0 2 . 05 8 . 62** 

S ire x Coat x Asp .  1 2 1 . 80 1 .  84  NS  

S ire x Coat x S ex 1 0 . 0 1  0 . 00 NS 

S ire x Rank x As p .  1 6 . 6 1  0 . 5 6 NS 

S ire x Rank x Sex 1 5 . 2 7 0 . 4 5 NS 

S ire x Asp . x Sex 1 0 . 04 0 . 00 NS 

Coat x Rank x Asp .  1 20 . 2 7 1 .  7 1  NS 

Coat x Rank x Sex 1 0 . 2 7  0 . 02 NS 

Coat x Asp . x S ex 1 1 2 . 67 1 . 07 NS 

Rank x Asp . x Sex 1 3 . 02 0 . 26 NS 

Error 60 1 1 . 84 
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TABLE 5 1 :  EFFECT OF S IRE , BIRTHCOAT TYPE, B IRTHRANK, AIRSPEED AND 
SEX ON THE THERMAL C IRCULAT ION INDICES OF LAMBS AT 1 0°C 
AMBI ENT TEMPERATURE 

C lass if ication 

S ire 

D 1 40/ 7 

D 4 6 / 7  

Birthcoat type 

Non-hairy 

Ha iry 

Birthrank 

S ingle 

Twin 

- 1 
Nominal airspeed (m sec ) 

0 . 0  

1 . 5  

Sex 

Male 

Female 

Thermal C irculat ion Index - Mean ± S . E . 

0 . 5 1  ± 0 . 06 ( 4 2 )  

0 . 49 ± 0 . 06 ( 4 4 )  

0 . 52 ± 0 . 05 ( 4 5 )  

0 . 4 8 ± 0 . 0 7 ( 4 1 )  

0 . 5 7 ± 0 . 0 7 ( 4 2 )  

0 . 44 ± 0 . 05 (44 )  

0 . 70 ± 0 . 07 (43 )  

0 . 30 ± 0 . 02 ( 4 3 )  

0 . 5 1  ± 0 . 07 ( 4 6 )  

0 . 49 ± 0 . 05 ( 4 0 )  
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mediated through an effect  o f  air movement o n  the coat insulation o f  

the l imb ,  as will b e  demons trated later i n  this chap ter . 

S ire , b ir thcoat type and birthrank were significantly interac tive 

in their e f fe cts on skin temperature . Among the non-hairy progeny o f  

s ire D46 / 7 ,  s ingle lambs had s igni f i cantly greater skin temperatures 

than did twins , but no e f fe c t  of bir thrank was apparent among the hairy 

p rogeny o f  this s ire or among the p rogeny of  s ire D 140 / 7 .  I t  migh t be 

expec ted that the vasocons tric ted l imbs of  twin lambs would lose heat to 

the environment at a fas ter rate than those of  s ingle lambs since twins 

are generally smaller than s ingles and might therefore have a greater 

ratio of  s ur face area to volume in the limbs . In this connection it  

may be no ted that  the e ffec t o f  bir thrank on skin temperature would 

have been s ignif icant at the 10% level had the model been treated as 

be ing fully f ixed . However ,  i t  is no t clear why the e f fect  o f  birth-

r ank should have been expressed in only one of the s ire x b irthcoat 

type group s . 

The s ignif icant e ffect  of  airspeed on skin temperature was no t 

p aralleled by a corresponding e f f e c t  on the rate at which skin temp era­

ture continued to decline af ter s t able heat production was achieved 

(Table 5 2) . This was p robab ly because the skin temp erature - air 

temperature gradient (a t  s tab le heat production) was about twice as h igh 

for  the l ambs exposed to  s t ill  air as for those in moving air . The in-

creased cooling power o f  the greater airspeed would there fore have been 

o ffset  by this difference and , in any case , the lambs in s t il l  air would 

be expected to exhib i t  higher skin temperatures than those in moving 

air when skin temperature f inally s tab ilized . Moreover ,  i f  part o f  

the effect  o f  airspeed o n  skin temperature was mediated through an in-
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TABLE 5 2 : EFFECT OF S IRE, B IRTHCOAT TYPE, B IRTHRANK, AIRSPEED AND 
S EX ON THE RATE OF DECLINE IN HIND-LIMB SKIN TEMPERATURE 

C las s if icat ion 

Birthcoat type 

Non-hairy 

Hairy 

Rate o f  Decline in Hind-Limb Skin Temperature 
- 1  

( °C min ) Mean ± S . E . 

- 1  Nominal airspeed (m sec  ) 

0 . 0  1 . 5  Both airspeeds 

0 . 098 ± 0 . 0 2 2a 

( 2 3 )  

0 . 1 5 4  ± 0 . 024b 

( 2 0 )  

0 . 1 6 7  ± 0 . 0 2 3b 

( 2 2 )  

0 . 1 1 0 ± 0 . 0 2 3b 

( 2 1 )  

0 . 1 34 ± 0 . 0 2 0  
( 4 5 )  

0 . 1 3 4 ± 0 . 0 1 7  
( 4 1 )  

Both b irthcoat 
types 

0 . 1 28 ± 0 . 0 1 6  
( 4 3 )  

0 . 140  ± 0 . 0 1 6  
( 4 3 )  

S ire 

D 1 40/ 7 

D46 / 7 

Birthrank 

S ingle 

Twin 

S ex 

Male 

Female 

0 . 1 34 ± 0 . 0 1 7  

0 . 1 3 4  ± 0 .  0 1 6  

0 . 1 1 0 ± 0 . 0 1 7  

0 . 1 59 ± 0 . 0 1 5 

0 . 1 2 9  ± 0 . 0 1 6 

0 . 1 40  ± 0 . 0 1 7 

( 4 2 )  

( 4 4 )  

( 42 )  

( 44 )  

( 46 )  

( 40)  

. . .  / continued 
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TABLE 52 , cont inued 

Analys is of Variance 

Source of Variat ion d .  f .  Mean Square F 

S ire 1 0 . 00 0 . 02 NS 

Bir thcoat Type (Coat ) 1 0 . 00 0 . 00 NS 

Birthrank (Rank) 1 0 . 0 3 2 . 9 6t 

Airspeed (Asp . ) 1 0 . 0 1  0 . 0 6 NS 

Sex 1 0 . 00 0 . 20 NS 

S ire x Coat l 0 . 0 1 0 . 4 3 NS 

S ire x Rank 1 0 . 0 1  0 . 83 NS 

S ire x Asp . 1 0 . 04 3 . 6 3t 

S ire x Sex 1 0 . 00 0 . 0 1  NS 

Coat x Rank l 0 . 00 0 . 1 8  NS 

Coat x Asp . 1 0 . 09 7 . 68** 

Coat x Sex l 0 . 00 0 .  1 6  NS 

Rank x Asp . 1 0 . 03 2 . 80t 

Rank x Sex 1 0 . 00 0 . 1 3  NS 

Asp .  x S ex 1 0 . 00 0 . 0 3 NS 

S ire x Coat x Rank 1 0 . 04 3 .  S l t  

S ire x Coat x Asp . 1 0 . 00 0 . 10  NS  

S ire x Coat x S ex 1 0 . 02 l .  95  NS 

S ire x Rank x Asp . 1 0 . 0 1 0 . 9 7 NS 

S ire x Rank x S ex 1 0 . 00 0 . 0 5 NS 

S ire x Asp . X Sex 1 0 . 00 0 .  1 9  NS 

Coat x Rank x Asp . 1 0 . 02 l .  98 NS 

Coat x Rank x Sex 1 0 . 00 0 . 0 1 NS 

Coat x Asp . x Sex 1 0 . 02 l .  3 1  NS 

Rank x Asp . x S ex 1 0 . 00 0 . 0 1  NS 

Error 60 0 . 0 1  
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creased tendency of  the thermo couples to  underes t imate true skin tempera-

ture when exposed to moving air , this would not be expressed in a dif fer-

ential rate o f  decline in skin temperature . 

A small ef fect of  b ir thrank on the rate of  decline in skin tempera-

ture was apparent , the skin temperatures of twin lambs f alling approxi-

mately 4 5 %  fas ter than those of the s ingle-born lambs ( P < . lO) . This 

occurred des p i te the twins having sligh t ly lower skin temperatures (at  

s table heat  product ion) wh ich were reflec ted in  the ir lower the rmal 

circulation indices ( Table 5 1 ) . 

(b )  Heat  produc tion and skin temperature 

The overall regress ion coe f f ic ient of heat production on skin 

temperature was b = -0 . 15 ± 0 . 0 6  W kg
- l  °C

- l  
which was s igni ficant 

( t84 = 2 . 32 ,  P < . 05)  but of a lesser magnitude than the corresponding 

regress ion coef f icient in Chap ter  IV . The pooled within-class 

regress ion coef f icient was , however , non-s ignificant ( Table 5 3 ) . 

Al though the within-sex regress ions were heterogeneous , ne i ther o f  

them was signif icantly dif ferent from zero (b = -0 . 14 ± 0 . 0 8  W kg- l °C
- l  

- 1  0 - 1  
and b = 0 . 22 ± 0 . 14 W kg C for male and female lambs respectively) . 

Moreover , when the analysis was repeated for only the non-summi t lambs , 

the wi thin-sex regressions were homogeneous . Hence i t  may be concluded 

that heat production was essentially independent of skin temperature 

once account had been taken of the treatment ef fects (particularly 

those of airspeed) on both these variab les . This s i tuation dif fers 

from that in the previous exp eriment where heat produc t ion was negat ively 

related to skin temperature among the we t lambs . 
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TABLE 53 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS ( SEX) REGRESS IONS 
OF HEAT PRODUCT ION ON HIND-LIMB S KIN TEMPERATURE AT 1 0oc 
AMBIENT TEMPERATURE 

Analys is o f  Covariance 

Source of Var iat ion 

Main ef fects  model (Table 3 7 )  

Intra-class (sex) r egress ion 
of heat product ion on skin 
temperature 

Poo led within-class 

Diff erence 

Res idual error 

d .  f .  

2 5  

2 

58 

Mean Square 

1 1 . 63 

1 0 . 66  

1 2 . 8 7 

1 1 8 . 4 6  

4 . 34 

F 

2 . 46t  

0 . 6 6  NS 

4 . 25* 



( c )  Skin temperature and the weight o f  wool o n  the limbs 
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The weigh t  of woo l  o n  the limbs was measured i n  a random s ample 

of 40 of these lambs as des cr ibed in Chap ter I I .  Because o f  the small 

number o f  lambs involved it was not possible to fit the full model in 

the analys is of  this trait (henceforth referred to as "limb woo l  

weight" ) . Preliminary analyses showed that s ire and sex exerted l i t tle 

effec t  on skin temperature and no effect  on l imb wool we ight , so they 

were el iminated from the model . In fact none of the treatments 

s ignificantly affe c ted l imb wool weight , even in the final model ( Tab le 

5 4 ) . 

The overall regress ion coe f f icient of  skin temperature on l imb 

0 - 1 
wool weigh t  was b = 1 . 0 2  ± 0 . 58 C g kg which was s i gni ficant only at 

the 10% level ( t
38 

= 1 . 75 ) . The within-airspeed regress ions were , 

however ,  s ignificantly heterogeneous (Table 5 5 ) . Among the lambs 

exposed to  s t ill air , high skin t emperatures were associated with high 

0 - 1  
limb woo l  weights ( b  = 2 . 0 0  ± 0 . 6 1  C g kg , t

18  
3 . 24 ,  P< . 0 1 ) but  

no signif icant relationship exis ted among the lambs in moving air  

0 - 1  
(b  -0 . 85 ± 0 . 75 C g kg , t

1 8  
= 1 . 1 3 ,  NS . ) . Conversely , neither 

0 - 1  - 1  
the overall (b = -0 . 00 1  ± 0 . 0 1 3  C min g kg , t

38 
= 0 . 10 ,  NS . )  nor the 

pooled within-class regres s ion coeff icients ( Tab le 5 6 )  of rate of decline 

in skin temperature on l imb woo l  weigh t  were s ignificant . 

The re lationship be tween skin temperature and l imb wool weigh t  

would seem t o  have two possible explanat ions . S lee ( 19 64 , 1968)  has 

suggested that sheep which have a superior coat coverage on the l imbs 

may be less dependent on heat conservation by peripheral vasocons trictio n  

than thos e  whose l imbs are poorly insulated from the cold . I t  may be , 

for example , that a poor insulation on the l imbs results in a more 
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TABLE 5 4 : EFFECT OF  B IRTHCOAT TYPE AND BIRTHRANK ON THE WEIGHT OF 
�.JOOL ON THE LIMBS IN FORTY LAMBS 

Class ifica t ion Weight of Woo l  on the Limbs (g kg
- 1

) Mean ± S . E .  

Bir thcoat type 

Non-hairy 8 . 87  ± 0 . 2 6 ( 2 0) 

Hairy 8 . 9 3 ± 0 . 2 6 ( 20)  

Birthrank 

S ingle 8 . 60 ± 0 . 27 ( 2 1 )  

Twin 9 . 20 ± 0 . 2 5 ( 1 9 )  

Analys is of Variance 

Source of Variat ion d . f .  Mean Square F 

Bir thcoat Type (Coat )  1 0 . 04 0 . 03 N S  

Birthrank (Rank) 1 3 . 5 1 2 . 59 NS 

Coat x Rank 1 0 . 6 1  0 . 45 N S  

Error 3 6  1 .  35 
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TABLE 5 5 :  TEST O F  HOMOGENE ITY O F  THE WITHIN-CLASS (AIRSPEED ) 
REGRESS IONS OF HIND-LIMB SKIN TEMPERATURE ON LIMB 
WOOL WEIGHT IN FORTY LAMBS 

Anal�s is of  Covariance 

Source of Variation d . f .  Mean Square F 

B ir thcoat Type (Coat )  1 1 2 . 53 1 .  38 NS 

Birthrank (Rank) 1 4 7 . 48 5 . 2 3* 

Airspeed (Asp . )  1 2 30 . 05 2 5 . 32*** 

Coa t x Rank 1 9 . 96 1 .  1 0  NS 

Coat x Asp . 1 2 . 6 1 0 . 2 9 NS 

Rank x Asp . 1 2 2 . 29 2 . 45 NS 

Coat x Rank x Asp . 1 0 . 0 1 0 . 00 NS 

Intra-class (a irspeed) 2 5 3 . 56 5 . 90** 
regress ion of skin 
temperatur e on limb 
woo l  we ight 

Pooled within-class  1 2 9 . 50 3 . 2 5t 

Diff erence 1 7 7 . 67 8 . 5 5** 

Res idual error 3 0  9 . 09 
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TABLE 5 6 :  TEST OF HOMOGENE ITY OF THE WITHIN-CLASS (BIRTHCOAT TYPE )  
REGRESSIONS O F  RATE O F  DECL INE IN SKIN TEMPERATURE ON 
L IMB WOOL WEIGHT IN FORTY LAMBS 

Analys is of Covariance 

Source of Variation d .  f .  Mean Squa re F 

Birthcoat Type (Coat ) 1 0 . 00 0 . 0 1 NS 

Birthrank (Rank) 1 0 . 00 0 . 00 NS 

Airspeed (Asp . )  1 0 . 00 0 . 09 NS 

Coat x Rank 1 0 . 00 0 . 32 NS 

Coat x As p .  1 0 . 0 2 2 . 03 NS 

Rank x Asp . 1 0 . 02 2 . 1 2 NS 

Coat x Rank x Asp . 1 0 . 00 0 . 2 2 NS 

Intra- class (b irthcoat tJ>:Ee) 2 0 . 0 1 0 . 98 NS 
regress ion of the rate of  
decl ine in skin temperature 
on limb wool  weight 

Pooled with in-class 1 0 . 00 0 . 00 

Difference 1 0 . 02 1 .  9 5  

Res idual error 30 0 . 0 1  

NS 

NS 
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intense s t imulat ion o f  peripheral thermoreceptors and so in a more 

intense vasocons trictor respons e . The non-s ignif icant relat ionship 

between skin temperature and l imb wool we igh t  in the lambs exposed to 

the greater a irspeed might then be explained by an increase in  peri­

pheral s t imulation associated with the movement o f  cold air  over the 

limb . However , this hypo thes is would require a mechanism for peri-

pheral vasomo tor control which was cont inuous ly variab le rather than 

an "all-or-none" response . While i t  is no t poss ible to be cer tain 

that this d id not occur , the generally linear relat ionships b e tween 

heat produc t ion and amb ient temperature among the we t lambs in Chap ter 

IV sugges t tha t the "all-or-none" response was more l ikely . 

The second hypo thes is , and the one wh ich seems more tenable , is 

that the lambs vasocontricted in an "all-or-none" manner and that the 

rate at wh ich their skin temperature equilibrated with the environment 

( i . e .  the rate at which heat was los t from the limb ) was then dependent 

upon the insulat ive value of the l imb wool . S imilarly , the final skin 

temperature ach ieved would have been related to the external insulat ion 

of the l imb . The non-s ignif icant relationsh ip between skin temperature 

and l imb wool  weigh t among lambs expos ed to moving air could then be  

explained by a reduc t ion in the insulat ive value of the l imb wool  in  

condit ions o f  air  movement .  Th is supposes , of  course , that the moving 

air was ab le to break down the coat s tructure on the l imbs when i t  

apparently d id not d o  s o  on the body (Chap ter IV) . S uch an e f fect 

could be  explained only by dif ferences in coat s truc ture a t  these s i tes , 

or by d i f ferent patterns of air movement over them. Al ternatively , the 

increased rate of heat loss from the l imbs which was ass o c ia ted with air  

movement may have been sufficient ly l arge to mask variation in  heat  loss 
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associa ted with variation i n  limb wool  we ight . 

( d )  We ight o f  wool on the l imb s , h ip coat depth and mids ide wool  
weigh t  

I n  the previous chap ter , heat  product ion was found t o  be  negat ively 

related to skin temperature in the we t lamb s . It  was therefore sug-

ges ted that  this relationship could have been due to the correlated 

effects  o f  birthcoat insulation (of the body and the limb s )  on heat loss 

and on the rate at  which skin temperature equilibrated with the environ-

ment . Although metabolic rate and skin temperature were no t related 

in the lambs examined in this experiment , some information may be p ro-

vided about  the relat ionship be tween limb wool  weight and the b i r thcoat 

charac teris tics which were previous ly shown to affect external insula-

tion.  

The overall regression coef f icient of limb wool we ight on hip coat 

- 1  - 1  
dep th was b = 0 . 0 1  ± 0 . 05  g kg mm ( t

3 8  
= 0 . 22 ,  NS . ) . The within-

b ir thrank regress ions were heterogeneous ( Table 5 7 )  being b = -0 . 23 ± 0 . 16 

- 1  - 1  - 1  - 1  
g kg mm ( t 1 9  = 1 . 48 ,  NS . )  and b = 0 . 19 ± 0 . 1 1  g kg mm 

( t 1 7  
= 1 . 7 3 ,  P< . 10 )  for s ingle- and twin-born lambs respectively . 

A s imilar s i tuat ion exis ted with the regress ions o f  l imb wool 

weight on mids ide wool  weigh t . The ove ral l regress ion coef ficient 

- 1  - 1  2 
was non-s ignificant (b  = 0 . 0 1  ± 0 . 0 2  g kg mg cm , t

38 
= 0 . 82) but 

the within-b irthrank regress ions were heterogeneous ( Table 58) . Thus 

limb wool  weigh t  was again related to the b ir thcoat charac teris t ic 

- 1  - 1  2 (mids ide wool  weight)  among twin lambs ( b  = 0 . 06 ± 0 . 0 2  g kg mg cm , 

t
1 7  

= 2 . 44 ,  P< . OS )  but  no t among the s ingles (b  = -0 . 0 3  ± 0 . 0 3  

- 1  - 1  2 
g kg mg cm , t

1 9  
= 0 . 89 ,  NS . ) . 



TABLE 5 7 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS ( BIRTHRANK) 
REGRES S IONS OF L IMB WOOL WE IGHT ON HIP COAT DEPTH IN 
FORTY LAMBS 

Analzs is of Covar iance 

Source o f  Variat ion d .  f .  Mean Sguare 

Main ef f ects  model (Tab le 5 4 )  3 1 .  38 
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F 

Intra- c lass (bir thrank) regres s ion 2 3 . 2 1 2 . 58t 
of limb wool we ight on hip coat 
depth 

Poo led within-class 1 0 . 3 5 0 . 28 NS 

D i f ference 1 6 . 07 4 . 88* 

Res idual error 34 1 .  24 



TABLE 58 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS (BIRTHRANK) 
REGRESS IONS OF L IMB WOOL WEIGHT ON MIDS IDE WOOL WE IGHT 
PER UNIT AREA OF SKIN IN FORTY LAMBS 

Analysis of Covariance 

Source of Variat ion d .  f .  Mean Sguare F 

Main effects model (Tab le 54) 3 1 .  38 

Intra-class (birthrank) regress ion 2 4 . 02 3 . 36*  
of limb woo l  we ight on mids ide 
wool weight 

2 3 3  

Pooled within-class 1 2 . 09 1 .  7 5  NS 

Difference 1 5 . 94 4 . 9 7 *  

Res idual error 3 4  1 .  20 
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I t  may therefore b e  concluded that , in this experiment , there was 

some small  degree o f  relationship between l imb wool weigh t  and the 

b irthcoat charac teris tics (at leas t among the twin lambs)  but  that heat 

produc t ion was no t related to skin temperature . As a consequence it  

has no t been pos s ib le to es tab lish whe ther the hypothes is advanced for 

the negat ive heat p roduct ion-skin temperature relat ionship in Chap ter 

IV ( i . e .  that it  o ccurs through the correlation between external in-

sulat ion o f  the l imb and that o f  the body as a whole) is tenable . 

Nevertheless it is clear that in ne ither experiment was there a 

s ignif icantly pos i t ive relationship between heat produc t ion and skin 

temperature . Variat ion in h ind- limb skin temperature canno t, therefore , 

be interpre ted as indicat ing a s uperior ab ili ty of some lambs to con-

serve body heat by more intense peripheral vasoconstriction .  

Chapter Summary 

I n  this experiment , responses to col d-s tress were examined in 86 

lambs with hairy and non-hairy b ir thcoats s imilar to those  o f  lambs in 

the previous experiment . App roximate ly half the lambs we re twin-bo rn .  

0 
All were tes ted while wet at an ambient temperature o f  10  C ,  and were 

exposed to s t i ll air or moving ( 1 . 5  m sec- 1 ) air . 

A subs tantial proportion ( 26%)  o f  the lambs in this experiment 

were cons idered to have attained summit metabolism (based on a rate of 

0 - 1  
decline in rectal temperature exceeding 0 . 0 25 C min b efore and afte r  

s t able  heat produc t ion was achieved) . Relat ionships involving heat 

product ion were there fore subj ected to dual analyses , once with all the 

lambs and again for only thos e  l ambs no t attaining summit  metabolism.  

The reasons for this type o f  analys is have been discussed . 
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Birthcoat type , s e x  and b irthrank a l l  s ignificantly influenced the 

p roportion o f  lambs a t taining summit metabolism. The f i rs t  2 e f fects  

paralleled the corresponding treatment e f fects  on me tabolic rate and to 

a lesser degree on the rate of  decline in rectal temperature . B irth­

rank did no t , however ,  s ignificantly affect  metabolic rate . Thi s  may 

indicate that twin lambs have a slightly lower summi t  metabolism than 

singles ( an e f fect which has been repor ted elsewhere) . Dif ferences 

be tween the sexes in resis tance to  cold-s tress were much greater than 

in the previous exper iment but canno t be readily explained in terms o f  

between-sex d i f ferences i n  bodywe ight or b i r thcoat characteri s t ics . 

The p roportion o f  lambs expected to at tain summi t me tabolism was 

positively related to me tabolic rate which indicates that  lambs were 

suscept ib le to severe hypo thermia primarily because of poor body in-

sulation rather than a poor ab i l i ty to p roduce body heat . This view 

is conf i rmed by the negat ive relationships b e tween the proport ion o f  

lambs exp e c ted t o  at tain summit me tabolism and the b irthcoat character­

is tics . 

The pre- tes t rec tal temperatures o f  hairy and non-hairy lambs were 

virtually identical at about 40 . 2°C .  Upon exposure to the cold environ­

ment , non-hai ry lambs exhib ited a greater rate of  decline in rec tal 

temperature with the result that their rec tal temperatures (at s table 

heat p roduc tion) were s ignificantly lower than those of the hairy 

lambs . These res ults  contras t markedly with those f rom the corres-

ponding lambs in Chap ter IV and support  the previous ly-expressed view 

that Romney-type and s ingle-N lambs do not have inherently d i f ferent 

"normal" rec tal t emperatures . Twin lamb s  also had lower rec tal 

temperatures (at  s t ab le heat production) than s ingles but  this was 
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partly due t o  their poorer ab ility to adj us t t o  the mildly c o l d  en­

v ironment experienced prior to the tes t ( as indicated by the ir low p re­

tes t rec tal temp eratures ) . 

In this experiment ,  as in Chap ter IV , hairy lambs had s i gnificantly 

greater coat dep ths and mids ide wool weight s  than non-hairy lambs al­

though the dif f erence between the coat types was smaller than in the 

earl ier experiment .  Twin lambs also had s ignif icantly lower coat 

depths than s ingles and al though there was no effect  o f  b ir thrank � 

s e  o n  mids ide wool weigh t ,  the effects o f  b ir thrank, s ire and b irthcoat 

type were s ignif icantly interactive . The effects of  b ir thrank on the 

b irthcoat charac teris t ics generally p aralleled the corresponding 

e f fects on bodyweigh t ,  but there was no evidence of a s t rong relation­

ship be tween the b irthcoat characteris t ics and bodyweigh t .  

The ef fec t o f  sire o f  the lamb on mids ide coat dep th was s ignif i­

cant only at the 10% leve l ,  while for h ip coat depth there was a 

s ignif icant interaction b e tween s ire and coat type . In the lat ter 

case the ef fec t o f  sire was expressed only in the coat  dep ths o f  the 

hairy lambs . Al though the s ire effects were small , the exp eriment did 

satisfy the criteria of a progeny tes t (b o th in terms o f  the number of 

progeny representing each s ire , and the way in which the animals were 

managed) . Hence , desp i t e  the small difference between the s ires , 

these resul ts do sugges t that coat dep th may be  gene t ically controlled 

within b ir thcoat types . Indeed it  is  no t surp rising that  the b e tween-

s ire dif ferences were small , particularly s ince the s ires us ed were 

themselves paternal hal f-bro thers . 

e f fec t on mids ide wool we igh t .  

There was no evidence o f  a s ire 
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Treatment effects on lamb bodyweigh t  were generally a s  exp ec ted , 

the male lambs being heavier than females and s ingles heavier than twins . 

S ire and b ir th coat type e ffects were no t s ignif icant but  did interac t . 

Thus the hairy progeny o f  one s ire were s ignif icantly heavier than the 

non-hairy progeny but no such ef fec t was apparent among the progeny o f  

the other s ire . An analysis of metabolic  rate - bodyweigh t  relat ion-

ships indicated that the level of heat p roduction (per unit bodyweight)  

required to maintain body temperature declines as  bodyweight increases , 

but  no t as rap idly as might be expected f rom the weigh t  exponents used 

in previous s tudies . 

The s tudy o f  factors affec ting h ind-limb skin temperature was 

further extended in this experiment . L ambs were exposed to a s ingle 

cold environment ( thus eliminat ing varia t ion in the " timing " of peripheral 

vasoconstrict ion) and the rate at which skin temperature cont inued to 

decline af ter the at tainment of  s tab le heat p roduction was measured . 

Thermal c irculat ion indices were calculated for all treatment 

groups and were cons is tent with the lambs having cons tric ted peripheral 

b lood ves sels . However the only treatment to signi f icantly af fect 

skin temperature was airspeed and this e f fec t may again be  related to 

the rate at which the limb temperature equilib rates with the environ-

ment . As ide f rom this effect , skin temperature was found to be  mos t 

s trongly related to the weigh t  o f  b ir thcoat on the limbs , ind iv iduals 

with a high l imb wool  weight tending to  have high skin temperatures 

( in s t ill  air) . I t  was concluded that this e ffect was probab ly due to 

an influence of the l imb wool we igh t  on the rate at whi ch heat is los t 

f rom the vasocons tric ted limb and hence on the rate at  which s kin 

temperature equilib rates with the environment .  
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Open-faced sheep are known to have a fas ter growth rate and be t ter 

reproduc tive ab ility than those with woolly faces (Cockrem and Rae , 

1 9 6 6 ) , ef fects which may be mediated through a dif ferential ab i l i ty o f  

these sheep t o  control peripheral b lood flow and body temperature . 

The "effects " o f  face cover can be  expressed in lambs during the f irs t 

year of life ( Co ckrem, 1 9 6 7 )  but it is no t known whether the lamb ' s 

geno type for face cover inf luences its res is tance to hypo the rmia 

immediately after b irth . In this experiment the role o f  face cover 

was examined by measuring the responses to cold-s tress of lambs from 

2 select ion flocks , one of which has been randomly b red and the o ther 

selected only for open faces . In a comp lementary experiment , des-

cribed in Chap ter VI I ,  the "ef fects " of face cover were further exam­

ined by relating the res ponses to cold-s tress o f  an unselected group o f  

newborn lambs to their face cover grades a t  approximately 3 months o f  

age . 

The previous experiments have demons trated that a s t rong relation­

ship exis ts be tween the level of heat p roduc tion which the lamb re­

quires to maintain normal body temperature and certain characteristics  

o f  the b irthcoat . However ,  in each cas e  the lambs involved had dried 

naturally a f ter b irth and then had their coats art ificially re-we tted . 

S lee ( 19 7 7 )  has sugges ted that the influence o f  the b irthcoat o n  total 
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body insulation is l ikely to be minimized in the very young lamb due 

to i ts b e ing s aturated with amnio t ic fluid . In this experiment , there-

fore , the lambs were first tes ted e i ther when newborn ( 0 . 25 to 1 . 00 

hours old)  or when older ( 2 . 00 to 22 . 00 hours ) to compare the effects , 

on coat insulat io n ,  o f  natural we t ting with amniotic fluids and arti f i-

cial we t ting with tap water . Only the o lder lamb s suckled p rior to the 

tes t .  

Experimental Des ign and Me thods 

The experiment involved 54 Romney l amb s , all of which were drawn 

from the Mass ey Univers ity "Progeny Tes t "  flock . This flock was 

randomly divided into 3 groups , each of app roximately 80 ewes , in 1 9 5 6  

and s ince that  t ime s ingle- trait select ion has been prac tised in 2 o f  

the groups ( "Face Cover" and "Fleecewe ight" ) . The remaining group 

has been maintained as randomly-bred "Contro ls " . Only lambs f rom the 

Face Cover and Control groups were used in this experiment . I n  the 

Face Cover group , select ion of both ewes and rams has been based solely 

on the face cover grade ( i . e .  selection for more open f aces ) at  the 

annual hogge t shearing ( general ly in Oc tober) . This group has been 

maintained at  80 ewes with 4 rams be ing single-s ire mated to these ewes 

each year . The rams are used only once , at 18  months o f  age . Within 

the Control group , selection is random and the group s tructure is the 

same as for the other groups . Inb reeding coefficients for the Face 

Cover and Contro l  groups have been es t imated to be 0 . 09 and 0 . 10 

respec t ively for lambs born in 1 9 7 6  ( B lair , 1 9 8 1 ) . 

As p reviously no ted , the lambs were tes ted e i ther when newborn and 

unfed or when older and fed , so that the effects of age and feeding 

l evel were l argely confounded . However , this was no t cons idered to 
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present serious d i f ficul ties in the analys is s ince the inges t ion of 

milk does no t influence the lamb ' s capaci ty for heat product ion i n  cold 

climates (Alexander , 1 9 6 2b ) . One p roblem with this treatment was 

that the ass ignment of lambs to l evels of the treatment was no t s tric tly 

at random, the unfed/newborn lamb s  becoming members of  this group by 

virtue of be ing born at times when they could be tes ted immediately . 

As will be  s een , this may have lead to some dif ferences between the 

unfed/newborn and the fed/older lambs in certain charac teris t ics . For 

convenience this treatment will be  referred to as "Feed ing Leve l "  but 

the confounding with age , and the pos s ible non-random ass ignment of 

lambs to the treatment levels , should no t be  ignored . 

The twinning rate in the Progeny tes t flock was lower than among 

the ewes described in Chap ter V ,  only 35%  of the available lambs be ing 

twin-born . Preliminary analys es showed the b irthrank effects  to be  

small , and birthrank was there fore no t f i t ted in the final analyses . 

Sex effects  were f itted although they too were minor . Thus the 

experiment was of an unbalanced three-way cross-clas s i f ied des ign with 

face cover group , feeding level and sex as main effects . 

treated as fixed e f fects . 

All were 

The experimental procedure was s imilar to that desc r ibed in Chap ter 

V .  All the lambs were tes ted when we t a t  an amb ient temperature o f  

1 0°C and were exposed to a nominal airspeed o f  1 . 50 m sec- 1 
The 

newborn lambs were separated f rom their  dams immediately after b irth and 

tes ted within 1 hour of separation while the remaining l ambs were per­

mitted  to suckle unti l  20 minu tes before the commencement o f  the tes t .  

Rec ta l  temperature , skin temperature and l imb wool weight were measured 

in all lambs as described in Chap ter V .  
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1 .  Proportion of lambs attaining summit metabolism 

24 1 

The lambs in this experiment were cons iderably less resis tant to 

hypothermia than the non-hairy lambs exposed to the same airspeed 

- 1  
( 1 . 5  m s e c  ) in Chap ter V .  Thus , while only 40 . 1 %  o f  the non-hairy 

lambs in moving air were cons idered to have attained summit me tabolism, 

64 . 8% o f  the Progeny Tes t lambs were affected in this manner . The 

poorer p erformance o f  these lambs was associa ted with their lower mean 

b irthcoat dep th at the hip s ite  ( 6 . 9  ± 0 . 2  mm) than that of the non-

hairy lambs ( 8 . 2  ± 0 . 3  mm) . However ,  in addi t ion to thei r  lower 

resis tance to body cooling , the Progeny Tes t lambs also had lower rates 

o f  heat produc tion than the non-hairy lambs in the same environment 

( 14 . 9 2  ± 0 . 3 7 vs 1 6 . 9 8 ± 0 . 4 1  W kg-
1
) des p i te the almo s t  identical 

bodyweigh ts o f  the 2 groups . Hence it  appears likely that the lambs 

in this experiment had a lower mean level o f  summit me tabolism than 

those in Chap ter V .  

Treatment effects o n  the proport ion o f  lamb s  at taining summit 

me tabolism were again examined by analysis o f  deviance on the legit 

s cale . None of the treatment e ffects was found to be  s ignif icant 

(Table 5 9 ) . The absence of an effect  o f  sex confli c ts with the 

resul ts from the previous chap ter in which a cons iderably h ighe r  pro-

portion o f  females than males appeared to have at tained s ummit 

metabolism.  Similarly there was no effec t o f  sex on the heat pro-

duct ion of the Progeny Tes t lambs (Table 60) , whereas a corresponding 

effect  o f  sex was apparent in Chap ter V .  

The high propor t ion of lambs which attained summit metabolism 
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TABLE 5 9 :  EFFECT OF FACE COVER GROUP, FEED ING LEVEL AND SEX ON THE 
PROPORTION OF LAMBS ATTAINING SUMMIT METABOL ISM 

C lass i f i c a t ion Proportion of Lambs Attaining Sun®it Metabolism 

Logit-Transformed Mean ± S . E . Retrans formed % 

Face cover group 

Face cover 

Control  

Feeding level 

Unfed /newborn 

Fed /o lder 

Sex 

Male 

Female 

Source 

Face Cover Group (Group ) 

Feeding Level (Feed . ) 

Sex 

Group x Feed. 

Group x Sex 

Feed. x Sex 

Group x Feed . x Sex 

Error 

0. 7 1  ± 0 . 4 1  

0 . 52 ± 0 . 40 

0 . 5 3  ± 0 . 4 3 

0 . 7 0  ± 0 . 3 9 

0 . 8 1  ± 0 . 42  

0 . 42  ± 0 . 3 8 

Analys is  o f  Deviance 

d.  f .  

1 

1 

1 

1 

1 

1 

1 

46  

67 . 1 

6 2 . 7 

6 3 . 0  

66 . 9  

69 . 2  

60 . 4  

x 2  Deviance 

0 . 1 1  NS 

0 . 09 NS 

0 . 4 5 NS 

2 . 50 NS 

0 . 25 NS 

0 . 0 1  NS 

3 . 2 1 t 

6 3 . 35  

( 2  7 )  

( 2  7 )  

( 2 4 )  

( 30 )  

( 2 6 )  

( 2 8 )  
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TABLE 60 : EFFECT OF FACE COVER GROUP, FEEDING LEVEL AND SEX ON THE 
HEAT PRODUCTION OF LAMBS AT 10°C AMBIENT TEMPERATURE 

Class if ication Heat Production (W kg 
- 1

) Mean ± S . E .  

Face cover grouE 

Face cover 1 4 . 9 5  ± 0 . 5 2 ( 2  7 )  

Control 1 4 . 8 1  ± 0 . 52  ( 2  7 )  

Feeding level 

Unfed/newborn 1 4 . 3 4  ± 0 . 5 5 ( 2 4 )  

Fed/older 1 5 . 42 ± 0 . 50 ( 30 )  

Sex 

Male 1 4 . 5 1  ± 0 . 54 ( 2 6 )  

Female 1 5 . 2 5 ± 0 . 5 1  ( 28 )  

Analys is of Var iance 

Source of Variat ion d .  f .  Mean Square F 

Face Cover Group ( Group ) 1 0 . 28 0 . 04 NS 

Feeding Leve l ( Feed . )  1 1 5 . 80 1 .  99  N S  

Sex 1 7 . 49 0 . 9 5 NS 

Group x Feed . 1 1 .  68 0 . 2 1  NS 

Group x Sex 1 3 . 34 0 . 4 2 NS 

Feed . x Sex 1 1 .  06 0 . 1 3  NS 

Group x Feed . x S ex 1 1 .  2 7  0 .  1 6  NS 

Error 46  7 . 9 3 



244 

in this experiment again necess itated dual analyses separat ing the 

"summit" and "non-summit "  lamb s . In this case , however ,  the "summi t " 

lambs comprised the greater propor t ion o f  the lambs tes ted . S ince 

metabolic rate was not a use ful indicator of res is tance to cold-s tress 

in these lambs i t  was necessary to use the rate o f  decline in rec tal 

temperature as the main ind icator , while accept ing that some o f  the 

variat ion in this latter trait would have been due to variation in 

the level of  summit me tabol ism achieved by the lamb . In cont ras t 

to the previous experiment ,  rate o f  decl ine in rectal temperature was 

calculated only over the whole exper iment period ( i . e .  us ing the f irs t 

and las t measurements o f  rectal temperature) .  This \vas done because 

the trait was now being us ed entirely as an indicator of  cold-s t ress and 

no t to describe dif ferences which lead to variat ion in rectal tempera­

ture at the t ime stable heat p roduc t ion was a t tained . 

2 .  Rate o f  decl ine in rec tal temperature 

The analysis  of variance for rate of  decline in rectal temperature 

(whole experiment)  is presented in Table 6 1 .  Only the feeding leve l  

treatment appro ached s igni f icance , the unfed/newborn lambs having a 

rate o f  decline in rectal temperature two-thirds that o f  the fed/o lder 

lambs ( P< . 10) . This result  is surpris ing , part icularly in view o f  the 

very young age at which the unfed/newbo rn lambs were tested . These 

lambs had slight ly deeper coats than the fed/olde r  lambs (Table 6 2 ) , 

which may have contributed to a superior birthcoat insulation . Thi s  

d i fference mus t in turn have been at  leas t partly responsible f o r  the 

d i fferent ial rates of decline in rec ta l  temperature s ince feeding level 

did no t affect metabolic rate . 
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TABLE 6 1 :  EFFECT OF  FACE COVER GROUP , FEED ING LEVEL AND SEX ON THE 
RATE OF DECLINE IN RECTAL TEMPERATURE (WHOLE EXPERIMENT PERIOD) 

C las s i f icat ion Rate of Decl ine in Rectal  Temperature (°C min -� Mean ± S .  E .  

Face cover grouE 

Face cover 0 . 059  ± 0 . 009 ( 2 7 )  

Cont rol 0 . 05 3  ± 0 . 009 ( 2  7 )  

Feeding level 

Unfed/newborn 0 . 045  ± 0 . 009 ( 2 4 )  

Fed/older 0 . 068  ± 0 . 008 (30)  

Sex 

Male 0 . 06 3  ± 0 . 009 ( 2 6 )  

Female 0 . 049 ± 0 . 009 ( 2 8 )  

Analys is o f  Var iance 

Source of Variat ion d .  f .  Mean Square F 

Face Cover Group (Group) 1 0 . 00 1  0 . 24 NS 

Feeding Level ( Feed . ) 1 0 . 007  3 . 48 t 

Sex 1 0 . 003 1 . 2 4 NS 

Group x Feed . 1 0 . 00 1  0 . 29 NS 

Group x Sex 1 0 . 00 1  0 . 38 N S  

Fee d .  x Sex 1 0 . 004 1 .  8 1  NS 

Group x Feed . x Sex 1 0 . 00 1  0 . 24 NS 

Error 46 0 . 002 
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Face Cover lambs did not differ s igni f icantly from the Control 

lambs in heat product ion , rate of  decline in rectal temp erature ( RDRT) 

or in the attainment of summit me tabol ism . It  is therefore app arent 

that , at leas t in the Progeny Test floc k ,  s e lection for more open 

faces had not produced lambs which were b e t ter able to withs tand 

severe cold at  b ir th . 

3 .  Characteris t ics of  the b irthcoat 

(a) Dep th o f  b irthcoat 

The mean b ir th coat dep th (at the h ip s i te) of the unfed/newborn 

lambs was 1 . 0 mm greater than that of  the fed/older lambs , a difference 

which was s igni f icant (P< . OS ,  Table 6 2 ) . This e f fect was largely due 

to the very high coat  dep ths of the unfed/ newborn Control group lambs 

and may indicate d i f ferences in the coat s truc ture , of lambs o f  the 

2 genotypes , which a f fected the ir response to the natural and art i ficial 

wet ting t reatments . However , the poss ib i l i ty also exis ts that this 

dif ference was a chance e f fect aris ing f rom the manner in whi ch the 

l ambs were ass igned to the feeding level treatment . As will be  dis-

cussed later in this chap ter , certain o ther differences be tween lambs 

in the levels o f  this treatment appeared to be chance e ffects . 

The role o f  the b ir thcoat characteris tics as de terminants o f  

res is tance t o  cold-s t ress was examined by dual regress ion analyses o f  

heat produc tion on the coat characters ( for the lambs cons idered no t 

to  have attained s ummit me tabolism) and o f  RDRT on the coat characters 

for the summit lamb s . These analyses will be dis cussed separately . 

( i) Lambs attaining summit metab o lism 

The overall regress ion coef f ic ient o f  RDRT on h ip b ir thcoat 
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TABLE 62 : EFFECT OF FACE COVER GROUP, FEEDING LEVEL AND SEX ON 
HIP B IRTHCOAT DEPTH 

C las s i ficat ion 

Feed ing level 

Unfed/newborn 

Fed/ older 

Both levels 

Sex 

Male 

Female 

Source of  Variat ion 

Face Cover Group (Group ) 

Feeding Level (Feed . ) 

Sex 

Group x Feed . 

Group x Sex 

Fee d .  x Sex 

Group x Feed . x Sex 

Error 

Hip Birthcoat Depth (mm) Mean ± S . E . 

Face cover grou12 

Face cover Control 

6 . 6  ± 0 . 4a 8 . 2 ± 0 . 4
b 

( 1 2 ) ( 1 2 )  

6 . 8 ± 0 . 4a 6 .  1 ± 0 . 4a 

( 1 5 )  ( 1 5)  

6 . 7 ± 0 . 3  7 .  1 ± 0 . 3  
( 2 7 )  ( 2 7 )  

6 . 7  ± 0 . 3 

7 . 1 ± 0 . 3  

( 26 )  

( 28 )  

Analys is of Var iance 

d .  f .  Mean Square 

1 1 . 04 

1 1 2 . 60 

1 0 . 83 

1 1 7 . 08 

1 2 . 3 1 

1 0 .  14  

1 5 . 20 

46  2 . 1 6 

Bo th grou12s 

7 . 4  ± 0 . 3  
( 2 4 )  

6 . 4  ± 0 . 3  
( 3 0 )  

F 

0 . 48 NS 

5 . 82* 

0 . 39 NS 

7 . 89** 

1 .  07  NS 

0 . 0 6 NS 

2 . 40 N S  
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depth was b = -0 . 0 1 2  ± 0 . 004 C min mm- which was s ignificant 
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( t
3 3  = 2 . 69 ,  P< . 05 ) . When account was taken of treatment e f fe c ts 

on RDRT , the pooled with in-class regress ion was s igni f i cant only 

at the 10% level ( Tab le 63 )  and the within-feeding level regress ions 

were homogeneous ( P > . 05 ) . At the mids ide pos i t ion , neither the 

overall nor the pooled with in-class regress ions were s igni ficant 

and all within-class regress ions were homogeneous . Hence , as was 

predic ted at the commencement o f  this s tudy , it was not possible 

to  detect  s t rong relat ionships b e tween RDRT and the coat dep ths . 

( ii) Lambs no t at taining summit metabolism 

Desp ite there b e ing only 19  lambs which did not at tain summi t  

me tabolism, the heat product ion o f  these lambs was s ignificantly 

related to coat dep th , part icularly at the mids ide posi tion . The 

overall regression coe ff i c ient of heat p roduc tion on mids ide coat 

dep th was b = -0 . 79 
1 - 1  

± 0 . 29 W kg
-

mm which was s ignif icant 

( t 
1 7 

= 2 .  80 ' P< • 0 5) . Because so few lambs were involved in this 

analysis , it  was not possib le to  f i t  the within-feeding level 

regress ions after the full mode l ; they were there fore fitted after 

a model containing only the te rms in face cover group and feeding 

level , together with the ir interact ion . As Table 64  shows , the 

pooled within-class regres s ion o f  heat product ion on mids ide coat 

- 1  - 1  
depth was significant ( b  = -0 . 96 ± 0 .  33 W kg mm ) b u t  the 

with in-feeding level regress ions were homogeneous . At the hip 

s ite , the overall regress ion coef ficient was not s ignif icant 

- 1  - 1  
( b = - 0 . 5 7  ± 0 . 35 W kg mm , t

1 7  
= 1 . 62 )  although i t  was o f  a 

s imilar magnitude to the correspond ing regress ion at  the midside 

p os i t ion .  The pooled-within c lass regress ion was s i gnif icant only 
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TABLE 6 3 :  TEST O F  HOMOGENEITY OF THE WITHIN-CLASS ( FEEDING LEVEL) 
REGRESS IONS OF RATE OF DECLINE IN RECTAL TEMPERATURE ON 
HIP B IRTHCOAT DEPTH : SUMMIT LAMBS 

Analysis 

Source of Var iat ion 

Face Cover Group (Group ) 

Feeding Level ( Feed . ) 

Sex 

Group x Feed . 

Group x Sex 

Feed .  x Sex 

Group x Feed.  x Sex 

Int ra-c lass ( feeding leve l)  
regress ion of RDRT on hip 
coat depth 

Pooled within-class 

D i f ference 

Residual error 

of Covariance 

d .  f .  Mean Square 

1 0 . 000 

1 0 . 009 

1 0 . 002 

1 0 . 00 2  

1 0 . 000 

1 0 . 00 1  

1 0 . 000 

2 0 . 004 

1 0 . 004 

1 0 . 00 3  

25  0 .  00 1 

F 

0 . 1 6  NS 

8 . 80** 

1 .  89 NS 

1 .  89 NS 

0 . 38 NS 

1 .  32  NS 

0 . 2 7 NS 

3 . 50*  

3 . 87t  

3 . 1 2t 
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TABLE 64 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS (FEEDING LEVEL) 
REGRESS IONS OF HEAT PRODUCTION AT 1 0°C A}ffi iENT TEMPERATURE 
ON MIDS IDE B IRTHCOAT DEPTH : NON-SUMMIT LAMBS 

Analys is of Covar iance 

Source of Var iat ion d .  f .  Mean Square F 

Face Cover Group (Group ) 1 0 . 33 0 . 06 NS 

Feed ing level (Feed . ) 1 3 . 28 0 . 5 7  NS 

Group x Feed . 1 5 . 64 0 . 9 8 NS 

Int ra-c lass ( feed ing leve l)  2 2 7 . 0 1  4 . 6 9 *  
regression o f  heat produc t ion 
on mids ide coat depth 

Poo led within-class 1 53 . 04 9 . 2 1** 

Dif ference 1 0 . 9 7  0 . 1 7  NS 

Res idual error 1 3  5 . 76 
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a t  the 1 0 %  level and the with in-feeding level regress ions were 

again homogeneous . 

( b )  Mids ide wool weigh t  per uni t area of  skin 

As with coat dep th there was a s ignif icant interac t ion be tween 

the e f fects  of  face cover group and feeding level on mids ide woo l  

weight ( Table 6 5 ) . In this case , however ,  the interac t ion was due to 

the low mids ide wool weights of the unfed/newborn Face Cover lambs and 

so dif fers from the interac t ion in the b irthcoat dep ths . S ince the 

mids ide wool samples were we ighed at a cons tant mois ture content , the 

type o f  we t ting applied to the coat  (amnio t ic fluid o r  tap water) 

could not have been respons ib le for this interaction . Nor could the 

amount o f  solid material depo s i ted in the coat ( f rom the amnio t i c  

fluid) have contributed t o  this e f fect s ince the fed/older lamb s , 

which los t  much o f  this material during artif icial we t ting , had the 

higher mids ide woo l  we ights . I t  therefore seems likely that this 

interac t ion reflects a chance e f fe c t . There was also a s igni f i cant 

effec t o f  sex,  the female lambs having mids ide wool we ights  27%  greater 

than those of  the males . This contras ts markedly with the results 

from the 2 previous �xperiments . 

Within the summit lambs the overall regress ion coe f ficient o f  

0 - 1 - 1  2 RDRT on mids ide wool  weigh t  was b = -0 . 00 1  ± 0 . 00 1 C min mg cm 

which was no t s ignificant ( t
3 3  

= 0 . 99 , NS . ) . The pooled within-class 

regress ion was s i gnif icant only at  the 10% level and the within- feeding 

level regress ions were heterogeneous at the s ame level o f  s ignificance 

(Table 6 6 ) . In this respect the regress ion on midside woo l  weigh t  was 

similar to  the corresponding regress ion on hip coat dep th . 
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TABLE 65 : EFFECT OF FACE COVER GROUP, FEED ING LEVEL AND S EX ON 
MIDS IDE WOOL WEIGHT PER UNIT AREA OF SKIN 

Clas sificat ion 
-2 

Mids ide Wool We ight /Unit Area _(mg cm ) Mean ± S . E . 

Feed ing level 

Unfed /newborn 

Fed/o lder 

Both l eve ls 

Sex 

Male  

Female 

Source of  Variat ion 

Face Cover Group (Group ) 

Feeding Level 

Sex 

Group x Feed . 

Group x Sex 

Feed . x Sex 

Group x Feed . 

Error 

(Feed . ) 

x Sex 

Face cover 

30 . 0  ± 2 . 6
a 

( 1 2 )  

39 . 9  ± 2 . 3b 

( 1 5 )  

34 . 9  ± 1 . 7  
( 2 7 )  

Face cover group 

Control 

39 . 5  ± 2 . 6
b 

( 1 2 )  

3 8 . 8 ± 2 . 3b 

( 1 5 )  

39 . 1 ± 1 .  7 
( 2 7 )  

32 . 6 ± 1 .  8 

4 1 . 5  ± 1 . 7  

( 2 6 )  

( 28)  

Analzsi s  o f  Var iance 

d .  f .  Mean Square 

1 1 66 . 35  

1 284 . 00 

1 8 6 1 . 03 

1 3 3 2 . 39 

1 80 . 44 

1 1 3 . 53 

1 1 92 . 85 

4 6  7 8 . 02 

Both groups 

3 4 . 7  ± 1 . 8  
( 2 4 )  

39 . 4  ± 1 .  6 
( 30)  

F 

2 . 1 3  NS 

3 . 64t 

1 1 .  04** 

4 . 2 6* 

1 . 03 NS 

0 . 1 7  NS 

2 . 47 NS 
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TABLE 66 : TEST OF HOMOGENEITY OF THE WITHIN-CLASS ( FEEDING LEVEL) 
REGRESSIONS OF RATE OF DECL INE IN RECTAL TEMPERATURE ON 
MIDS IDE WOOL WEIGHT PER UNIT AREA OF SKIN : SUMMIT LAMBS 

Analys is of Covar iance 

Source o f  Variat ion d . f .  Mean Square F 

Main ef fec t s  model (Table 6 3 )  7 0 . 002 

Intra-class (feeding level)  2 0 . 004 3 . 6 3 *  
regress ion of RDRT on mids ide 
woo l weight 

Poo led within-c las s 1 0 . 004 3 . 38t 

D i f ference 1 0 . 004 3 . 88t 

Residual error 2 5  0 . 00 1  
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Among the lambs which d id no t attain summit me tabol ism , a much 

s tronger relat ionsh ip exis ted b e tween heat produc tion and mids ide wool 

weigh t ,  b o th the overall ( b  = -0 . 1 6 ± 0 . 05 W kg
- 1  

mg
- 1  2 

cm , 

- 1  
P< . 0 1 )  and the pooled with in-class ( b  = -0 . 2 1 ± 0 . 04 W kg 

t
1 7  = 3 . 4 7 , 

- 1  2 
mg cm , 

P< . 00 1 ,  Table 6 7 )  regress ions being highly s ignificant . The within-

feed ing level regressions were again homogeneous . 

Two impor tant points should be made about the preceding analyses 

involving the birthcoat charac ters . Firs t i t  may be no ted that the 

tes ts of homogeneity o f  the wi thin-feed ing level regress ions of heat 

p roduction on the coat characters lack power because only 19 lambs 

were involved in the analyses . Th is , of  course , is a d irect conse-

quence of the high proportion o f  lambs which at tained summi t  me tabolism . 

Never theless , the overal l and poo led within-class regress ions o f  heat 

production on the coat charac ters were generally signif icant and an 

examination of the within- feeding level regress ion coe f f icients showed 

them to be s imilar in magnitude . These resul ts therefore sugges t that 

the naturally-we t coat of the newborn lamb and the artificially-we t ted 

coat of the older lamb provide an equal amount of insulation per unit 

of depth or mids ide wool we ight . 

The second po int is tha t the with in-feed ing level regress ions of  

RDRT on  both hip coat dep th and midside wool weight  were s ignif icantly 

heterogeneous att the 1 0 %  level .  S ince the d ifference reflec ted , in 

each case , a tendency for RDRT to be  more s trongly related to the coat 

character in the fed/o lder l ambs than in the unfed /newborn group , i t  

may have been a real e f f ec t . While such a re lationship would sugges t 

that coat insulation ( and hence the rate of  body heat loss )  was more 

s trongly related to these coat charac ters in the fed /older lambs , the 
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TABLE 6 7 : TEST OF HOMOGENE ITY OF THE WITHIN-CLASS ( FEEDING LEVEL) 
REGRESS IONS OF HEAT PRODUCT ION AT 100C AMB IENT TEMPERATURE 
ON MIDS IDE WOOL WEI GHT PER UN IT AREA OF SKIN : NON-SUMMIT 
LAMBS 

Analys is of Covar iance 

Source o f  Variat ion d .  f .  Mean Square F 

Main e f fects  model (Table 64 ) 3 3 . 37 

Intra-class ( feed ing leve l) 2 4 1 . 9 6 1 2 . 14** 
regre ss ion of heat produc t ion 
on mids ide woo l we ight 

Poo led within-class 1 83 . 30 2 4 . 1 0***  

D i f ference 1 0 . 6 1  0 . 1 8  NS 

Residual error 1 3  3 . 46 
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informat ion from the  regress ions involving heat product ion cer tainly 

does no t support this hypo thes is . The effe c t ,  if  real , might have been 

mediated through o ther p athways such as an assoc iation b e tween summit 

metabol ic rate and h ip coat dep th o r  mids ide wool we igh t . However ,  

relat ionships of  this type could no t be de tected in these lambs . 

4 .  Hind-l imb skin temperature 

(a )  Treatment ef fects on  skin temperature 

Treatment effects on skin temperature were small and the lambs 

exhib i ted low skin temperature - air temperature gradients , ind icat ing 

that peripheral vasocons trict ion had occurred . The only treatment 

effect  to approach s ignif icance was that of feeding leve l ,  the unfed / 

newborn lambs having skin temperatures 1 . 5°C greater than those o f  the 

fed/older lambs ( P< . 10 ,  Table 68) . This conflicts wi th the results of  

Alexande r  ( 1 96 1 )  who sugges ted tha t  young unfed lambs had lower skin 

temperatures than older fed lambs . Howeve r ,  the comparison may not be  

val id s i nce Alexander ' s "young" lambs appear to  have been s omewhat older 

than the unfed/newborn group in th is experiment . There was also a 

s ignificant face cover x feeding level x sex interac t ion in skin 

temperature . This was mainly due to the very low skin temperatures 

of the male fed /older lambs of the face cover group . Whe ther this 

reflects a superior ab ility of these lambs to constrict  peripheral 

blood vessels is not known , but the intera c t ion was no t reflec ted in 

any of the other charac teris tics which have been shown to affect  skin 

temp erature . 

( b )  Skin temp erature and the weigh t  of  wool o n  the l imbs 

The we ight of wool on the limbs was measured in all 54 lamb s  in 
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TABLE 68 : EFFECT OF FACE COVER GROUP , FEED ING LEVEL AND S EX ON THE 
HIND-LIMB SKIN TEMPERATURES OF LAMBS AT 10°C AMBIENT 
TEMPERATURE 

Class if icat ion Hind-Limb Skin Temperature (°C )  Mean ± S . E .  

Face cover group 

Face cove r 

Control 

Feeding level 

Unfed/newborn 

Fed/older 

Unfed /newborn 

Sex 

Male 

1 6 . 88 ± 1 . 30
b 

( 4 )  

1 2 . 6 9  ± 0 . 9 2a 

(8 )  

1 5 . 7 2  ± 0 . 99
b 

( 7 )  

Fed /older + be 
1 5 . 4 3  - 0 . 99 

Face cover group 

Face cover 

Control  

Feeding level 

Unfed/newborn 

Fed /o lder 

Sex 

Male 

Female 

Source of Var iat ion 

Face Cover Group (Group ) 

Feeding L evel (Feed . ) 

Sex 

Group x Feed . 

Group x S ex 

Feed . x Sex 

Group x Feed . x Sex 

Error 

Anal:t:s is 

1 5 . 45 ± 0 . 5 2 

1 5 . 9 1  ± 0 . 5 1  

1 6 . 4 1  ± 0 . 55 

1 4 . 95 ± 0 . 48 

1 5 .  1 8  ± 0 . 53 

1 6 . 1 9  ± 0 .  so  

of Variance 

( 7 )  

( 2 7 )  

( 2 7 )  

( 24 )  

( 3 0) 

(26)  

(28)  

d . f .  Mean Square 

1 5 . 1 2 

1 2 1 . 65 

1 1 5 . 9 3 

1 1 .  65  

1 5 . 5 8 

1 6 . 6 5 

1 6 1 . 28 

4 6  6 . 84 

Female  

1 5 . 2 5 ± 0 . 92b 

( 8 )  

1 7 . 00 ± 1 . 00
bc 

( 7 )  

1 7 . 80 ± 1 . 1 7b 

( 5 )  

1 4 . 69 ± 0 . 92
c 

( 8 )  

F 

0 . 7 5 NS 

3 . 1 7  t 

2 . 3 3 N S  

0 . 2 4 N S  

0 . 82 NS 

0 . 9 7 NS 

8 . 9 6**  
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TABLE 6 9 : EFFECT OF FACE COVER GROUP, FEED ING LEVEL AND S EX ON THE 
THERMAL C IRCULAT ION INDICES OF LAMBS AT 10°C AMBIENT 
TEMPERATURE 

Class if icat ion 

Face cover group 

Face cover 

Control 

Feed ing leve l 

Unfed/newborn 

Fed / older 

Sex 

Male 

Female 

Thermal Circulat ion Index - Mean ± S . E . 

0 . 24  ± 0 . 0 3 

0 . 2 7  ± 0 . 0 3 

0 . 29 ± 0 . 0 4 

0 . 22  ± 0 . 03 

0 . 22 ± 0 . 0 3 

0 . 28  ± 0 . 04 

( 2 7 )  

( 2 7 )  

( 2 4 )  

( 30 )  

( 2 6 )  

( 2 8 )  
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this experiment . The fed/older lambs had a greater l imb wool  weigh t  

than their unfed/newborn peers (P< . 05 ,  Tab le 70) . As with the mids ide 

wool weigh t ,  this difference could no t have been due to the degree of 

wet ting o f  the coat or to the amount o f  solid material depos ited in the 

coat from the amnio tic  f luid . I t  there fore almos t cer tainly ref lec ts 

a chance d i f fe rence assoc iated with the manner in which the lambs were 

ass igned to the feeding levels . 

S ince the unfed /newborn lambs had lower limb wool  we ights than 

their fed /older peers , this difference clearly could no t have accounted 

for their s l ightly higher skin temperatures . Indeed , this experiment 

was characte ri zed by a general lack o f  relat ionship b e tween skin 

temperature and limb wool we ight , neither the ove rall ( b  = 0 . 0 2  ± 0 . 40  

0 - 1  
C g kg , t

5 2  
= 0 . 06 ,  NS . )  nor the pooled within-class ( Tab le 7 1 ) 

regress ions b eing s ignif icant . All wi thin-class regress ions were 

homogeneous . This resul t is comp a t ible with tha t from the previous 

experiment in which it was found that skin temperature was related to 

limb wool  we igh t among lambs exposed to s t ill air but no t among thos e  

- 1  
exposed t o  a n  airspeed of 1 . 50 m sec . S ince ,  in the present s tudy , 

all the lambs were exposed to moving air , the absence o f  an association 

between skin temperature and limb woo l  we ight is to be expected . 

( c )  Skin temperature and bodyweight 

As the analysis o f  variance in Table 7 2  shows , the unfed/newborn 

lambs were s ignif icantly ( P< . 0 5 )  heavier than their fed/o lder peers , but 

o ther treatment effec ts were small . The feeding level effect  ( a  

difference  o f  0 . 5 1  kg) arose par tly b ecause the older lambs were we ighed 

when dry (before ar t i f icial we t ting) whereas the newborn lambs were 

weighed within 45 minutes of b ir th when the ir coats were s till  saturated 
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TABLE 7 0 :  EFFECT O F  FACE COVER GROUP2 FEEDING LEVEL AND S EX ON 
THE WEIGHT OF WOOL ON THE L IMBS 

C lassif icat ion Weight o f  Woo l  on the L imbs 
- 1  

(g kg ) Mean ± S . E . 

Face cover grouE 

Face cover 8 . 2 5  ± 0 .  1 9  ( 2 7 )  

Contro l  7 . 90 ± 0 .  1 9  ( 2 7 )  

Feeding level 

Unfed/newborn 7 .  7 7  ± 0 . 20 (24 )  

Fed/older 8 . 3 8 ± 0 . 1 8  ( 30)  

Sex 

Male 7 . 9 3 ± 0 . 1 9  ( 2 6 )  

Female 8 . 2 2  ± 0 .  1 8  ( 28 )  

Ana lys is of Var iance 

Source of Var iat ion d .  f .  Mean Square F 

Face Cover Group (Group ) 1 1 .  58 1 .  6 5  NS 

Feeding Level (Feed . ) 1 4 . 94 5 . 1 4* 

Sex 1 1 .  1 2  1 . 1 7 NS  

Group x Feed . 1 0 .  16  0 . 1 6  NS 

Group x Sex 1 0 . 47 0 . 49 NS 

Feed . x Sex 1 1 .  04 1 . 08 NS 

Group x Feed . x Sex 1 0 . 2 7  0 . 2 9 NS 

Error 46 0 . 96 
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TABLE 7 1 :  TEST OF HOMOGENEITY OF THE WITHIN-CLASS (FEEDING LEVEL) 
REGRESS IONS OF HIND-LIMB SKIN TEMPERATURE ON L IMB WOOL 
WEIGHT 

Analys is o f  Covariance 

Source of Variat ion d .  f .  Mean Square F 

Main ef fects  model (Table 68)  7 1 7 . 0 1  

Intra-class ( feed ing level)  2 1 .  32  0 . 1 9  NS 
regre s s ion of skin temperature 
on limb wool we ight 

Pooled within-class 1 0 . 03 0 . 00 

D i f f e rence 1 2 . 62 0 . 3 7 

Res idual error 44 7 . 09 

NS 

NS 
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TABLE 7 2 :  EFFECT OF FACE COVER GROUP, FEED ING LEVEL AND S EX ON 
BODYWEIGHT 

Clas s i f ication 

Face cover group 

Face cover 

Control 

Feed ing level 

Unfed/newborn 

Fed/ older 

Sex 

Male 

Female 

Source  of Var iat ion 

Face Cover Group (Group ) 

Feed ing Level (Feed . ) 

Sex 

Group x Feed . 

Group x Sex 

Feed . x Sex 

Group x Feed . x Sex 

Error 

Analys is 

Bodywe ight (kg) Mean ± S . E . 

4 . 69 ± 0 . 1 5  

4 . 83 ± 0 . 1 5  

5 . 0 1  ± 0 . 1 6  

4 . 50 ± 0 . 1 4  

4 . 74 ± 0 . 1 5  

4 .  7 7  ± 0 . 1 5  

o f  Variance 

d .  f .  Mean Square 

1 0 .  25 

1 3 . 43 

1 0 . 02 

1 0 . 48 

1 0 . 24 

1 0 . 26 

1 0 . 20 

4 6  0 . 63 

( 2 7 )  

( 2 7 )  

( 2 4 )  

( 30 )  

( 2 6 )  

( 2 8 )  

F 

0 . 39 NS 

5 . 42*  

0 . 03 NS 

0 . 76  NS 

0 . 37  NS  

0 . 4 1  NS 

0 . 32 NS 
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with amnio t i c  fluids . Crude es t imates of  the amount o f  water which 

could be trap ped by the coats of  the older lambs were obtained by 

weighing 10 of these lambs b e fore and af ter we t t ing . These es t imates 

sugges ted that an addi t io nal 7 . 7% o f  the dry bodyweigh t  would be added 

by the we t t ing treatment , a f igure which agrees well  with that from 

Alexander ' s ( 1956)  s tudy of Mer ino lambs . I t  is therefore likely that 

the mean bodyweight of  the fed/older lambs would have been about 4 . 85 kg , 

had they b een weighed af ter we tt ing . The balance of the difference in 

wet bodyweight between the 2 feeding leve ls (0 . 1 6 kg) may have been 

associated with dehydrat ion or the catabolism of body reserves s ince the 

dams of these lambs appeared to produce less milk than other Romney 

ewes in the trials . This point is discussed fur ther in Chap ter V I I I . 

The overall regress ion coe f f ic ient of  skin temperature on bodyweigh t  

0 - 1  
was b = 1 . 34 ± 0 . 46  C kg which was s ignif icant ( t

5 2  
= 2 . 6 7 ,  P< . 05 ) . 

The pooled within-class regress ion coeff icient was of  a s imilar magni-

tude and s ignif icance (Table 7 3 )  and all with in-class regress ions were 

homogeneous . In view o f  the non-s ignificant relationships  b e tween 

skin temperature and limb wool weigh t ,  it is unlikely that heavy lambs 

had greater skin temperatures because of a greater amount o f  wool on 

the l imbs . Hence the relat ionship between skin temperature and body-

we ight may have resul ted from phys ical effects of the s ize of the l imb . 

As was sugges ted in Chap ter V ,  i f  l ight lambs had a greater rat io o f  

surface area t o  volume in the l imb than their heavier peers , they would 

lose heat f rom the vaso cons tric ted limb more rap idly in a cold environ-

ment . I t  seems unlikely that the small lambs could have had lower 

skin temperatures because they experienced a more intense vasocons trictio n . 

Although the small lambs would have been subj ected to a greater degree 

of cold-s tress in any e nvironment , and hence might  have b een expected 
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TABLE 7 3 :  TEST O F  HOMOGENEITY O F  THE WITHIN-CLASS ( SEX) REGRESSIONS 
OF HIND-L IMB SKIN TEMPERATURE ON BODY WEIGHT 

Ana lys is of Covariance 

Source of Variation d. f .  Mean Square F 

Main e ffects  model (Tab le 68)  7 1 7 . 0 1 

Int ra-c las s (�) regress ion of  2 2 6 . 87  4 .  53*  
skin tempe rature on b odywe ight 

Pooled with in- c las s 1 35 . 28 5 . 9 5* 

D i f ference 1 1 8 . 4 7 3 . 1 2t  

Res idual error 44  5 . 9 3 



265  

to cons t r ic t  peripheral b lood vessels more intensely , o ther treatments 

which also affected the l evel of cold-s tress experienced by wet lambs 

(e . g .  b ir thcoat type )  were not associated with dif ferences in skin 

temperature in the p revious experiments . 

( d )  Skin temperature and age 

The overall regress ion coe f f ic ient of skin temperature on the age 

0 - 1 
o f  the lamb was b = - 0 . 10 ± 0 . 0 7  C hr which was not s ignif icant 

( t5 2  = 1 . 35 ,  NS . )  and the pooled within-class regres s ion coefficient 

was s imilarly non-s ignif icant ( Table 74 ) . By contras t ,  the within-

feeding level regress ions o f  s kin temperature on age were hetero-

geneous (P< . 0 1 ) . Thus while skin temperature was independent o f  age 

0 - 1  
among the fed/o lder lambs ( b  = -0 . 0 2  ± 0 . 10 C h r  , t 2

8 
= 0 . 22 ,  NS . ) , 

it declined markedly with age among their unfed/newborn peers (b  = 

0 - 1  
- 7 . 7 2  ± 2 . 89 C hr , t

22 
= 2 . 6 7 ,  P< . 05 ) . The lat ter relationship 

could no t have been due to age-dependent effects on the coat ins ul a t ion 

of the l imb s ince ,  as has already been dis cussed , skin temperature was 

independent of l imb wool weight at each of the feeding levels . More-

over , s ince the unfed/ newborn lamb s were no t artificially we t ted prior 

to their entry into the climate chambers , the older members o f  this 

group (up to 1 hour o f  age)  would have had s omewhat drier coats ( in-

eluding the woo l  on the limbs)  than those tes ted immediately after 

birth . Hence , i f  an effect  of l imb woo l  insulation had exis ted , i t  

would have been more likely to have resul ted i n  a pos i t ive relationship 

b e tween skin temperature and age . I t  may therefore be that the very 

rap id decline in skin temperature with advancing age among the unfed/ 

newborn lambs ( equivalent to a decline o f  5 . 8
°

C over the range o f  ages 

involved) reflects  a poor ab ility of very young lambs to control  

peripheral blood  flow . This may indicate that the lambs require an 
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TABLE 7 4 :  TEST OF HOMOGENEITY OF THE WITHIN-CLASS (FEEDING LEVEL) 
REGRESSIONS OF HIND-L IMB SKIN TEMPERATURE ON AGE 

Analys is of Covariance 

Source of Variat ion d .  f .  Mean Square F 

Main e f fects model (Tab le  68) 7 1 7 . 0 1 

Int ra-c lass ( f eeding leve l)  2 2 2 . 1 1  3 . 60* 
regre ss ion of  skin temperature 
on age 

Pooled within-class 1 0 . 5 7  0 . 09 NS 

Difference 1 43 . 6 5 7 . 10*  

Res idual error 44 6 . 1 4  
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ini t ial exposure t o  cold in order t o  fully s t imulate the per ipheral 

vasocons tric tor mechanism . Such an hypothesis is  certainly tenab le 

cons idering the nature of the environment in which the lamb spends the 

f irs t 5 months of its  life , and would also explain why the unfed/newborn 

lambs were found to have s light ly higher skin temperatures (at s tab le 

heat p roduct ion) than the fed/older lambs ( Table 68) . 

5 .  Dis tribution o f  face cover grades 

As a sequel to th is s tudy , the 44 experimental lambs which were 

present at 3 months of age were ass i gned face cover grades to provide 

some informat ion about the extent to which the 2 groups of lambs 

d i f fered in woo l  growth on the face . This examination , l ike the 

following experiment , suf fered from the deficiency that 1 0  o f  the lambs 

d id no t survive to 3 months o f  age and so could no t be ass igned face 

grades . Accordingly , at temp ts to relate the face grades of  the 

surviving lambs to those of the group as a whole may have been subj ect  

to some b ias . This would be  o f  p ar t i cular importance if  the failure 

of 10  of the lambs to survive was correlated with their  geno type for 

face cover . 

Al though in mos t  cases the cause o f  death in these lambs was not 

known, some relevant information may b e  provided about them . The 

deaths were equally divided b e tween the face cover groups so that , in 

this respec t ,  no bias exis ted . One o f  the lambs died at 3 days o f  

age due t o  an intes t inal obs truction and a further 2 lambs ( twins)  

d ied , also at 3 days of  age , apparently due to their dam ' s  poor milk 

supply . The remaining deaths appeared to be due largely to a failure 

of the lambs to mother-up after they had been t ranspor ted f rom the 



TABLE 75 : DISTRIBUTION OF FACE COVER GRADES IN CONTROL AND FACE 
CQVER LAMBS 

2 68 

Face Cover Grade Propor t ion of Group Lamb s in Each Grade ( % )  

Control Group Face Cover Group 

1 3 1 . 8  4 . 5  

1+  2 2 . 7 1 3 . 6 

2 45 . 5  54 . 5  

2+ 0 . 0  2 7 . 3 

Number of  Lamb s 2 2  2 2  
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Animal Physiology Uni t  to the Univers ity farms . Howeve r ,  with respect  

to the ir performance under tes t ,  the lambs which died did  not appear to  

be a b iased s ample o f  the total group . For example , 70% o f  them had 

at tained summit metabolism when tes ted , a propor t ion only marginally 

greater than that for  the group as a whole . I t  there fore seems unlikely 

that the failure of these lambs to survive to 3 months of age could have 

seriously biased the following conclusions about the distribution o f  

face grades among the face cover groups . 

The face grades were ass igned as described in Chap ter II  and are 

presented as the original grades . As Table 75 shows , approximately 

50% o f  the lambs in each o f  the face cover groups were o f  grade 2 and 

the maj or dif ference b e tween the groups lay in the distribut ion o f  

lambs a t  the extremes o f  the grading scale . 

Chapter Summary 

This study involved 54 lambs drawn from the Massey Univers i ty 

Progeny Tes t Flock which has been subj ected to s ingle-trait sele c t ion 

s ince 1 9 5 6 . Hal f  the lambs were the progeny o f  a randomly-bred 

Control group and the balance were from the Face Cover selection 

group . The lambs were tes ted e i ther when newbo rn (less than 1 hour 

old) and unfed or when older ( 2 . 00 to 2 2 . 00 hours)  and suckled . All 

0 
were tes ted when wet a t  a s ingle ambient temperature ( 10 C)  and wer e  

- 1  
exposed to a nominal a irspeed o f  1 . 50 m sec  • 

The Progeny Tes t lambs exhibited a low res is tance to hypo thermia 

comp ared with Romney lambs from previous experiments , 65% of  them 

attaining summit metab o l ism . This was ass oc iated with their more 

shallow b irthcoats and lower summit metabolism than lambs in the 
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previous experiment . 

Differences between the Face Cover and Control lambs in res is tance 

to cold-s tress and in associated characters were cons is tently small . 

Thus the 2 groups exh ib i ted virt ually identical frequencies o f  a t tain­

ment o f  summit metabol ism, rat e  o f  decl ine in rec tal temperature , heat 

produc t io n ,  b irthcoat characteris t ics , bodyweights  and h ind-limb skin 

temperatures . It  therefore appears that the phy s iological e f fects 

o f  face cover geno type , which are so clearly exp ressed in older sheep , 

do no t contribute to variation in the ability  of  newborn lambs to 

withstand a cold environment . This hypo thesis is conf irmed in the 

following chap ter . 

The confounded e f fects o f  feeding level and age were more app arent 

in this s tudy . Unfed/newborn lambs were found to have a s ligh t ly 

lower rate of decl ine in rectal temperature than the fed/o lder group 

and this was associated with their greater coat depths but  lower mid-

s ide woo l  weight per unit area of skin . I t  is no t clear , however ,  

whether the latter d i f ferences are real e ffects or a consequence o f  

the manner i n  which the unfed/newborn lambs were ass igned t o  that 

treatment group . Moreover the newborn lambs had marginally greater 

h ind-limb skin temperatures than the ir older peers and skin temperature 

declined rap idly wi th age during the f irs t hour of life . This sugges ts  

that very young lambs become increas ingly more able to res trict  peri­

pheral b lood flow as they age and provides the only evidence s o  far 

availab l e  that wet l ambs may vary in the ir ab i l i ty to control peripheral 

b lood f low . 

S ince a high proport ion o f  the lambs a ttained summit met abol ism 
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an at temp t was made to use the rate o f  decline i n  rec tal temp era ture 

(RDRT) as the main index of res is tance to cold-s tress . In regress ion 

analyses on the birthcoat charac ters this index was found to be  un­

satis factory , RDRT showing l i t tle  relationship with coat dep th and mid-

s ide woo l  weigh t . Conversely , in a smaller sample o f  non-summi t 

lambs , much s tronger relationships were found be tween heat produc t ion 

and the coat characters ( in line with previous experiments ) . I t  is 

l ikely that RDRT is unsatisfactory because it is influenced to a con-

s iderab le degree by the individual ' s level o f  summit me tabol ism . Thus 

when comparisons of RDRT are being made between lambs within breeds i t  

would b e  des irable t o  also measure summit metabolic rate . Finally 

the resul ts from the non-summit lambs sugges t tha t the insulative 

value of a unit dep th or mids ide wool  weigh t of the naturally-we t 

coat is equal to that o f  the art if ic ially we t ted coat . 
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CHAPTER V I I  

THE RELATIONSHIP BETWEEN THE RES ISTANCE OF THE NEWBORN 

LAMB TO COLD-STRESS  AND ITS FACE COVER GRADE AT 

THREE MONTHS OF  AGE 

Introduc t ion 

In the experiment described in Chap ter VI it  was found that 2 3  

years o f  s ingle- trait  selection for more open faces in a flock of 

Romney ewes had apparently not affec ted the ab ility o f  the newborn 

2 7 2  

lambs t o  control deep body temperature i n  a cold environment . How-

eve r ,  the lambs in that  exper iment exhib ited a low res i s t ance to body 

cooling compared with Romney- type lambs in the previous experiments . 

Whi le some difference did exis t b e tween the Control and Face Cover 

groups in the average degree of face cover at 3 months of age , each 

group contained a sub s t ant ial p ropor t ion of lambs in the intermediate 

face grades . A complementary analys is of  the "ef fect s "  of  face cover 

was therefore performe d , us ing data from the uns e lected lambs described 

in Chap ter V, to re trospec tively examine the associat ion be tween the 

newborn l amb ' s res istance to cold-s tress and i ts face cover grade at  

3 months of  age . 

Experimental Des ign and Me thods 

This analysis was again sub j ect to a possible b ias in that not all 

the lambs tes ted at b ir th (Chap ter V)  survived to 3 months o f  age . Of 

the 86 lambs tes ted at  b ir th ,  7 5  (8 7%)  survived to the t ime o f  face 

grading , this being a s lightly higher surv ival rate than among the 

Progeny Test  lambs ( 8 1 %) . The deaths again appeared to be  associated 
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mainly with mis-mothering and the 1 1  lambs which died included all 

members o f  3 twin pairs . As in the previous experiment , the deaths 

were nearly evenly d ivided among the l evels  of the main treatment group s 

so that l it tle b ias could have exis ted in this respec t .  However , the 

lambs which died were atypical as regards the ir frequency of attainment 

of summit me tabol ism; 5 of them ( 4 5%)  had attained summit me tabolism 

at the ir firs t  test compared with a frequency of 26% in the to tal group 

of 86 lamb s  tes ted . The pos s ib il ity o f  some bias in the results 

canno t ,  therefore , be entirely dis counted . 

The four-level face grading sys tem described in Chap ter I I  was 

initially used in these lambs and the face grade distribution is pre-

sented in Table 7 6 . As th is tab le shows , the dis tribution o f  face 

grades in these lambs was intermediate be tween that of the Control 

and Face Cover groups in Chap ter V I ,  but with a greater p roportion o f  

the lambs i n  grade 2 than e i ther o f  these groups . However , becaus e 

relat ively few lambs were involved in the analysis it  was obviously 

no t p os s ib le to fit  "face cover grade" as a four-level main effect . 

The lambs were therefore re-class if ied as being "woolly-faced" 

(grades 1 ,  1+) o r  "open-faced" ( grades 2 ,  2+) . 

A second consequence o f  the low number of animals involved was 

that even a two-level " face cover"  main effect could not s imply be 

added to the f ive-way analys is o f  variance model used in Chap ter V 

without incurring a cons iderab le number of emp ty cells . To overcome 

this problem , models for the analys is o f  the in3ependent var iates 

included , in addi t ion to "Face Cover" , only those treatments which 

were found to exert  a maj o r  effect  on that variate in Chap ter V .  In I 

all the analyses , "Face Cover" was treated as a f ixed effect . S ince 
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TABLE 7 6 : D ISTRIBUTION OF FACE COVER GRADES IN LAMBS S IRED BY 
S INGLE-N RAMS 

2 74 

Face Cove r  Grade Proport ion of Lambs in Each Grade (% )  

1 1 7 . 3 

l+ 1 3 . 3 

2 60 . 0  

2+ 9 .  3 

Number of  Lambs 75  
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the analyses were re trospective , the data o n  heat produc t ion,  hind­

l imb skin temperature and the at tainment o f  summit metab o l ism were , of 

course ,  a s ample of the data analysed in Chap ter V .  

Results and Dis cussion 

1 .  Proportion of lambs attaining summi t me tabolism 

The lamb ' s pheno type for face cover at 3 months of age was no t 

signif icantly as soc iated with its tendency to attain summit me tabolism 

(Table 7 7 ) . 

2 .  Heat produc t ion 

In the analysis of  variance for heat production (Tab l e  78) , no 

assoc ia tion was found between the lamb ' s level of heat product ion at  

10°
C ambient temperature and the face  cover group to  which i t  was 

assigned . All interact ions between face cover group and the o ther 

treatments f i t ted in the model were s imilarly non-s ignif icant . The 

remaining treatments were all s ignif ican t  which is generally compatible  

with the results from the analys is o f  heat production involving the full 

86 lambs (Chap ter V) . An except ion was the effect o f  airspeed which 

was no t s ignificant in the original analysis . However ,  this app arent 

difference b e tween the analyses is s imply a consequence of the model 

in Table 78 having been treated as fully f ixed whereas in the original 

mixed model the airspeed effect  was tes ted agains t an interact ion which 

was very much larger than the error term .  

3 .  Hind-limb skin temperature 

Open-faced lambs exhib i ted a mean h ind-limb skin temperature whi ch 

was approximately 1 . 0°C greater than that  o f  the wool ly-faced lamb s , 
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TABLE 7 7 :  EFFECT OF FACE COVER, B IRTHCOAT TYPE AND BIRTHRANK ON THE 
PROPORT ION OF LAMBS ATTAINING SUMMIT METABOL ISM 

C lass if icat ion Proportion of  Lamb s Attaining Summit Me tabol ism 

Logi t-Transformed Mean ± S . E . Re transf o rmed % 

Face cover 

Woolly- faced - 1 . 2 2 ± 0 . 5 4  2 2 . 8 ( 2 3 )  

Open-faced - 1 . 65 ± 0 . 4 1  1 6 .  1 ( 5 2 )  

B ir thcoat tyEe 

Non-hairy -0 . 6 6 ± 0 . 3 7  3 4 . 0  ( 40 )  

Hairy -2 . 20 ± 0 . 60 10 . 0  ( 3 5 )  

Bir thrank 

S ingle - 2 . 19  ± 0 . 5 5  10 . 1 ( 3 7 )  

Twin -0 . 6 8 ± 0 . 40 3 3 . 7 ( 38 )  

Analys is of Deviance 

Source d .  f .  x2 Deviance 

Face Cover 1 0 . 45 NS 

Bir thcoat Type (Coat)  1 5 . 95 * 

Birthrank (Rank) 1 6 . 2 3 * 

Face Cover x Coat 1 0 . 05 NS 

Face Cover x Rank 1 0 . 0 1 NS 

Coat x Rank 1 0 . 1 7  N S  

Face Cover x Coat x Rank 1 1 .  00 NS 

Error 6 7  6 7 . 3 7 
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TABLE 7 8 :  EFFECT O F  FACE COVER, B IRTHCOAT TYPE, AIRSPEED AND SEX ON 
THE HEAT PRODUCTION OF LAMBS AT 1 0°C AMBIENT TEMPERATURE 

C lassif icat ion Heat Produc t ion (W kg- 1 ) Mean ± S . E . 

Face cover 

Woolly-faced 1 5 . 6 9 ± 0 .  49 ( 2 3 )  

Open-faced 1 5 . 28 ± 0 .  32 ( 5 2 )  

Bir thcoat t:l']�e 

Non-hairy 1 6 . 2 3  ± 0 . 37 ( 4 0 )  

Hairy 1 4 . 74 ± 0 . 4 1 ( 3 5 )  

Nominal airsEeed 
- 1  

(m sec: ) 

0 . 0 1 4 . 55  ± 0 . 40 ( 3 6 )  

1 . 5  1 6 . 42 ± 0 . 38 ( 3 9 )  

Sex 

Male 1 4 . 85 ± 0 . 40 ( 3 9 )  

Female 1 6 . 1 1  ± 0 . 38 ( 3 6 )  

. . .  I cont inued 



TABLE 7 8 ,  cont inued 

Source o f  Varia t ion 

Face Cover 

Birthcoat Type (Coat ) 

Air speed 

Sex 

Face Cover 

Face Cover 

Face Cover 

Coat x Asp .  

Coat x Sex 

Asp . x Sex 

Face Cover 

Face Cover 

Face Cover 

Coat x Asp . 

Error 

(Asp . )  

x Coat 

x Asp . 

x Sex 

x Coat 

x Coat 

x Asp . 

x Sex 

x Asp . 

x Sex 

x Sex 

Analys is 

2 7 8  

o f  Variance 

d. f .  Mean Square F 

1 2 . 49 0 . 46  N S  

1 4 0 . 1 6  7 . 48 ** 

1 6 5 . 37  1 2 .  1 8  *** 

1 2 8 . 65 5 . 34  * 

1 3 . 02 0 . 56 NS 

1 6 . 3 1  1 .  1 8  N S  

1 0 . 00 0 . 00 NS 

1 9 . 3 7 1 .  7 5 NS 

1 1 .  73  0 . 32 NS 

1 1 .  36 0 . 25  NS 

1 2 . 94 0 . 55 NS 

1 5 . 29 0 . 9 9  N S  

1 4 . 68 0 . 87 NS 

1 2 . 35 0 . 44 NS 

60 5 . 37  
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TABLE 7 9 : EFFECT OF FACE COVER, AIRSPEED AND BIRTHRANK ON THE HIND-L IMB 
SKIN TEMPERATURES OF  LAMBS AT l 0°C AMBIENT TE1'1PERATURE 

C lassif icat ion Hind-Limb Skin Temperature (°C )  Mean ± S . E .  

Face cover 

Woo l ly-faced 1 8 . 7 1  ± 0 . 66  ( 2 3 )  

Open-f aced 1 9 . 7 3 ± 0 . 44 ( 5 2 )  

Nominal a irs12eed 
- 1  (m sec ) 

0 . 0 2 1 . 93 ± 0 . 56 ( 3 6 )  

1 . 5  1 6 . 52  ± 0 . 5 5 ( 39 )  

Birthrank 

S ingle 1 9 . 62 ± 0 . 5 3 ( 3 7 ) 

Twin 1 8 . 8 3  ± 0 . 55 ( 3 8 )  

Analys is of Variance 

Source of Variat ion d .  f .  Mean Square F 

Face C over 1 1 6 . 48 1 .  60 NS 

Airspeed (Asp . ) 1 5 42 . 85 5 2 . 7 6*** 

Bir thrank (Rank) 1 1 1 . 7 7 1 .  1 4  NS 

Face Cover x Asp . 1 1 1 . 44 1 . 1 1  NS 

Face C over x Rank 1 0 . 20  0 . 02 NS 

Asp .  x Rank 1 1 7 . 85 1 .  74  NS  

Face C over x Asp .  x Rank 1 0 . 1 3  0 . 0 1 NS 

Error 6 7  1 0 . 29  
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but  this difference was no t s ignificant ( Table 7 9 ) . Thus there was no 

evidence of an asso c ia t io n  between face cover and hind-limb skin 

temperature , a resul t which is again compa t ib le with the s tudy of the 

Progeny Tes t lambs . 

Chapter Summary 

In this chap ter an at temp t was made to relate the lamb ' s pheno type 

for face cover at 3 months of age to i ts perfo rmance in a cold environ-

ment in the f irs t hours after b ir th .  For this purpose the 7 5  lamb s  

which survived t o  face grading were clas s i f ied a s  be ing woolly-f aced 

( grades 1 ,  1+) or  open-faced ( grades 2,  2+) . No association was found 

between the lamb ' s degree o f  f ace cover at this age and its hea t p ro­

duc t ion,  hind-l imb skin tempera ture or frequency of the attainment o f  

summit metabolism . S ince the mos t  commonly-reported es t imates o f  the 

heritab ility of face cover are in the range 0 . 4 to 0 . 5  (Cockrem and Rae , 

19 6 6 ;  Blair ,  198 1 )  phenotypic  face cover is expected to be a reasonable 

predictor of the ind ividual ' s genotype for  this trai t . The resul ts 

are thus entirely compatib le with those from the previous exper iment 

and with the hypothes is that the lamb ' s  geno type for face cover is 

unl ikely to affect its res is t ance to cold-s tress during the neonatal 

period . 

This analysis is , as has already been d iscussed , sub j ect  to  some 

pos s ible b ias associated with the failure o f  1 1  lambs to survive to 3 

months o f  age . The b ias could , however ,  b e  important only i f  their  

mortality was due  to a poor res is tance to cold-s tress which was related 

to the ir geno type for face cover . Thus , for  exampl e ,  if  the woolly-

faced lambs had , as . a group , been less able to survive in a cold 
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environment , it  might be  expec ted that a greater p roport ion o f  them 

would have succumbed in the f ield (i . e .  that the maj ority o f  the 

lambs dyi ng b efore three months o f  age would have been o f  one face 

cover group ) . Differences between the surv iving lambs of  each face 

cover level could then have been reduced to non-s ignif icance . How-

ever ,  such a mechanism obvious ly requires that there b e  a s t rong e f fect  

o f  weather condit ions on  the survival o f  these lambs once they had been 

removed from the Animal Phys iology Unit . I f  that were the case i t  

would be reasonab le to  expect d i fferential mor t al ity rates be tween the 

levels of the other t reatments known to affect  res is tance to cold-

s tress in the climate  chambers . Clearly this d id no t occur s ince the 

deaths were evenly d ivided b e tween the levels of these treatments 

( part icularly birthcoat type) . This fact , toge ther wi th the low 

p ropor t ion o f  lambs which died before 3 months o f  age , sugges ts that 

little b ias could have existed in the analys is . 
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THE REPEATABILITY O F  RES ISTANCE TO COLD-STRESS AND 

OF ASSOCIATED CHARACTERS IN YOUNG LAMBS 

Introduc t ion 
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The p revious experiments have demons trated that the res is tance o f  

the newborn lamb t o  co ld-s tress ( as ind icated by the level of  heat p ro­

duc t ion required to maintain body temperature or by the rate of de cline 

in rec tal temp erature) may be related to i ts b irthcoat charac teris t ics 

and bodywe igh t . S tudies in the United Kingdom have shown that 

res is tance to cold-s t ress , when measured in a water bath tes t ,  is 

highly repeatab le ( Slee et  al . ,  1 980) but the repeatab ility of this 

t rait in lambs chilled in cold air does no t appear to have been de ter-

mined . Nor is the repeatability of  b irthcoat dep th in the live lamb 

known, although a high degree o f  repea tab i l i ty was found in the s tudy 

o f  tanned skins des c r ib ed in Chap ter I I .  The repeatab ility o f  these 

traits was therefore examined in this experiment us ing lambs from some 

of the mai n  genotypes described in the previous chap ters . 

Experimental Des ign and Me thods 

The lambs used in this experiment were drawn from the Progeny Tes t  

f lock (whose f irs t tes t was des c r ibed in Chap ter VI) and from the group 

s ired by s ingle-N rams (Chap ter V) . In the case of the P rogeny Tes t 

lambs , only those individuals which had f i rs t been tes ted in the unfed/ 

newborn s tate were used for this experiment . After the comple t ion o f  

their f irs t t�s t ,  the lambs were re turned to their dams and permi t ted 

to suckle for between 2 and 20 hours . They were then tes ted again 
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under environmental conditions identical t o  those o f  the firs t  tes t 

( i . e .  we tness . 10
°

C amb ient temp erature , 1 . 50 m sec
- 1  

nominal airspeed) . 

Measurements o f  heat p roduct ion ,  RDRT (who le experiment) , skin tempera-

ture and b irthcoat dep th were made in exa c t ly the s ame manner a t  each 

of the tes ts . I n  a departure from the methodology of the p revious 

experiments , thes e  lambs were weighed at the second tes t after they 

had been artificially we tted . This was done to give comparable 

es timates of  bodywe igh t  in the s tudy of repeatab i l i ty ( the lambs having 

been naturally we t at the ir f i r s t  tes t ) . 

The hairy and non-hairy lamb s  ( i . e .  the p rogeny of s ingle-N s ires) 

were a sample drawn only f rom those lambs exposed to moving air  ( 1 . 50 

- 1  
m sec  ) at the f irs t tes t .  They were again returned to thei r  dams 

a f te r  this tes t and permit ted to suckle b e fo re be ing re- tes ted , in an 

ident ical environment , 2 to 20 hours late r . Mos t  of  the traits o f  

interes t were measured i n  the s ame manner a s  for the Progeny Tes t lambs . 

The excep tion was bodyweigh t  whi ch was measured p r ior to art if i c ial 

we t t ing at each tes t . 

For continuous data the repeatab il i ty o f  the trai t was assessed by 

calculat ing the correla t ion between per formance at each of the tes ts . 

D i f ferences between the tests were examined by the paired t-s tatis t ic ,  

and such differences are dis cussed where they were signi ficant . In 

b o th groups o f  lamb , RDRT was calculated over the whole experiment 

period . 

For the discrete data ( p roportion o f  lamb s  attaining summit 

me tabolism) the repeatab ility was assessed s imply by examining the p ro-

por t ion of lamb s a t taining summit metab o l ism in  the firs t tes t whi ch 
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were similarly af fec ted in the s econd tes t .  

Resul ts and Discuss ion 

1 .  Progeny Tes t lamb s  

(a)  Propor tion of  lambs at taining summi t  metabol ism 

O f  the 24 lambs which were involved in the experiment , 1 5  ( 6 3%)  

attained summit  me tabolism ( as defined previous ly) at the f irs t tes t 

and 1 8  ( 7 5%)  at the s econd . This difference , al though no t signif icant 

(Table 80) , resulted f rom 4 lambs attaining summi t metabo l ism only at  

the second tes t and 1 only at  the  firs t . Hence 19  of  the lambs ( 79%)  

were cons is tent in thei r  attainment of  summit me tabol ism (or  lack o f  

it)  a t  each o f  the tests . Among these lambs , the attainment o f  s ummit 

metabolism was less repeatab le than for the lambs s ired by single-N 

rams ( sect ion 2 of this chap ter) . However ,  in a number o f  cases the 

lambs which were no t cons is tent between the tests had rates of  decl i ne 

0 - 1  
in rectal temperature  close to the criterion ( 0 . 0 25 C min ) used to 

de fine the attainment of summit metabolism.  Thus the b e tween- tes t 

dif ference in these individuals was par t ly due to the manner in which 

the attainment o f  summi t me tabolism was def ined . 

( b )  Heat product ion and rate o f  decl ine i n  rec tal temperature 

The heat produc t ion o f  these lambs inc reased significantly f rom 

- 1  - 1  
a mean o f  14 . 37 ± 0 . 54 W kg at the f i r s t  tes t to 1 5 . 86 ± 0 . 39 W kg 

at the second ( t
2 3  

= 3 . 16 ,  P< . O l ) . Des p i te this there was no s ignif i-

cant change in the mean rate of  decline in rectal temperature b e tween 

the�e  tes ts . Both these results are , as will be seen , cons i s t ent 

with those f rom the lambs s ired by s ingle-N rams , a much lower p ro-

portion o f  which a t ta ined summit me tabolism . Among the Progeny Tes t  
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EFFECT OF SUCCES SIVE TESTS IN A COLD ENVIRONMENT ON THE 
PROPORT ION OF LAMBS ATTAINING SUMMIT METABOLISM : PROGENY 
TEST LAMBS 

C lassification Proport ion of Lamb s A t taining Summit Me tabolism 

Legit -Trans formed Mean ± S . E . 

Tes t 

First  0 . 5 1  ± 0 . 42 

Second 1 . 10 ± 0 . 4 7 

Analys is of Deviance 

Source d. f .  

Test 1 

Error 4 6  

Retrans formed % 

62 . 5  

7 5 . 0  

x 2  Deviance 

0 . 88 NS 

5 8 . 7 5  

( 2 4 )  

( 2 4 )  

• 
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lambs this change was associated wi th an increased hea t  product ion 

both in the lambs which had at tained summi t metabolism at the f irs t 

tes t and in those which had no t .  The increased heat p roduc t ion 

( i . e .  level o f  summit metabolism) of  the summi t lambs at  the second 

tes t was unl ikely to have been related to their  increased age s ince 

summit metabol ism is independent of age in Romney lambs ( Chap ter Ill )  

and in  lambs o f  o ther breeds (Alexander , 1 9 6 2b) . It  may therefore 

represent an acclimatizat ion e f fect associated with the p revious 

exposure to cold . Since the increased summit metabol ic rate o f  these 

lambs did no t resul t in a reduc t ion in the rate o f  decl ine in rectal 

temperature , and since the non-summi t lambs also had increased me tabolic 

rates when tes ted a second t ime , the lambs ' body heat loss mus t also 

have been inc reased at the second tes t . However ,  changes be tween 

the tests in charac teris t i cs which migh t account for this increased 

rate of heat loss (such as coat depth) could not be detected . 

Among the Progeny Tes t  lamb s , b o th heat production ( r  = 0 . 5 3 ,  

P< . 0 1 ) and the rate of decline in rectal temperature ( r  = 0 . 6 2 ,  P< . 0 1 ) 

were only moderately repeatab l e . These correlat ions are o f  a lesser 

magnitude than the repeatab i l i t ies of cold-s tress (measured as the 

t ime required for rectal temperature to fall to 35°C in a cold water 

bath)  repor ted by Slee e t �· ( 1980) . However the data o f  Slee e t  al . 

( 1980)  were  f rom lambs o f  a number o f  quite different b reeds which is 

l ikely to have contributed to their  greater correlat ions . Thus a 

four-fold d i f ference exis ted i n  the mean res istance to cold-s tress o f  

7 b reeds and crosses which they examined and a cons iderably greater 

degree of variation could b� expected between the individual lambs o f  

the 10  breeds used i n  their  repeatab il i ty study . Whe n  this is corn-

p ared with the relatively small range over which the indices of  cold-
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· h P T 1 b 1 ( f  1 10 . 1 3  to 20 . 00 W kg
- 1  

s tress �n t e rogeny est am s ay or  examp e 

o f  heat p roduct ion) , the lower correlat ions found in these lambs are not 

too surpris ing . Moreover , the water bath tes t appears to be  less 

sens i t ive to d i f ferences in b irthcoat cha rac teris t ics (between animals 

and p resumably also between tes t s )  than are tes ts conduc ted in cold air 

( Slee et a l . ,  1980) . This would also tend to minimize the var iation 

between tes ts and hence improve the repeatab il ity . Nevertheless , the 

relatively low repeatab i l i t ies of heat p roduct ion and RDRT found 

among the Progeny Tes t lambs do indicate that resis tance to cold-s tress , 

measured when the lamb is at  leas t 2 hours old and art i f icially we tted , 

is only a moderately good indicator o f  its  ab ility to withs tand the 

e f fects  o f  a cold environment in the newborn,  na turally-we t s tate . 

( c )  Bodyweight 

The l amb ' s  bodyweight a t  each tes t was , as expec ted , highly 

repeatable . Thus among the Progeny Tes t lambs the correlat ion 

between the bodyweights ( i . e .  b etween b ir thweight and bodywe ight at 

the s econd tes t af ter art i f ic ial we tting) was r 0 . 9 7  which was highly 

s ignificant ( P< . 00 1 ) . I t  is clear,  therefore , that var iation in weight 

between the tes ts could no t have contrib uted greatly to the med iocre 

repeatab i l it ies o f  res is tance to cold-s t ress . The high repeatab ility 

of bodywe ight also sugges ts that variation in such factors as the 

amount of milk inges ted by the lamb could have made l i t tle  contribution 

to var iation in bodywe igh t . There was , however , a marked tendency for  

bodywe ight to  decline between the tes ts , the mean bodyweights at  the 

firs t and second tes ts being 5 . 0 1  ± 0 . 1 7 kg and 4 . 84 ± 0 . 1 7 kg 

resp e c tively . This dif ference was , by the p aired t-tes t ,  s ignificant 

at the 5 %  level . An important point about this decline in weigh t  
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( 0 . 1 7 kg) i s  that i t  i s  almost  exactly equal to the es t ima ted differ­

ence in we t-coat bodywei ght  (0 . 16 kg) b e tween the unfed /newborn and 

fed/older lambs o f  Chap ter  V I . This supports the previous ly­

expressed view that the bodyweight d i fference be tween these groups 

could have b een due to dehydrat ion or  the catabolism of body reserves 

as a consequence of the poor milk p roduc t ion of the dams of the Progeny 

Tes t lambs . In contras t ,  the lambs s ired by s ingle-N rams did no t 

suffer a reduc t ion in we ight between the tes ts . 

(d) Dep th of b ir thcoat 

Like the indices of cold-s tress , b i r thcoat dep th was only moderately 

repeatable in the Progeny Tes t lambs . At the mids ide pos i t ion the 

correlat ion be tween dep th at the 2 tes ts was r 0 . 4 3  (P< . 05 )  while at 

the hip s ite  the correlation was somewhat  h igher  (r  = 0 . 65 ,  P< . 00 1 ) . 

The greater repeatab i l i ty at the hip pos i t ion was also found to exis t 

among the lambs s ired b y  s ingle-N rams . 

These resul ts again indicate tha t , at  leas t among Romney lambs , coat 

dep th in the art ific ially-we tted lamb is no t a particularly good p re­

dictor of dep th at the same s ite when the lamb ' s coat is naturally wet 

with amnio t ic fluids . However the poor repeatab ili ty does no t appear 

to have been due to the effects of the dif ferent we t ting treatments 

s ince , as will be  seen in section 2 of this chap ter , the repeatab i li ty 

o f  coat dep th was no b e t ter  in the non-hairy l ambs which were wet ted in 

the same manner (with tap water) on both  occas ions . Variat io n  be tween 

the coat depths at each tes t ,  which contributed to the only moderate 

repeatab il ity , may have been due to a variety of e f fects including 

grooming by the dam and changes in dep th  associated with the degree o f  

wet t ing . Handling o f  the lamb prior to the s econd tes t could also 
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have contributed to var ia t io n  in coat depth be tween the tes ts , al­

though every care was taken,  when handling the lambs , to avo id s i tes at  

which dep th was measured . 

I t  should also be po inted out that there was no s i gnificant change 

in the coat dep ths of these lambs b e tween the tes ts . This result  

would seem to  confirm that  t he s ignificant e f fect  of feeding level 

on coat dep th in Chap ter VI (Table 6 2) was , as sugges ted , a conse­

quence of the manner in which the lambs were ass igned to the levels 

of that treatment ( i . e .  a chance e f fect) . In addition i t  illus trates 

that the saturation of the newbo rn Romney ' s  coat with amnio tic fluids 

is unl ikely to influence its  insulat ive prop e r t ies through an effect  

on  i ts dep th ( compared with the coat  o f  the artif icially we tted lamb ) . 

(e) Hind-limb skin temperature 

Hind-limb skin temperature was the leas t repeatable of  the traits 

examined in the Progeny Tes t  lamb s , the correlat ion b e tween skin 

temperature at the f i r s t  and second tes ts be ing r = 0 . 40 ( P  . 0 5 ) . 

I t  is no t poss ible to dete rmine whether  the variation between the 

tes ts was due to changes in blood flow to the l imb or to variation in 

the rate at  which skin temperature  equilibrated with the environment . 

S ince thes e  lambs were exp osed to moving air at  each tes t , variation 

in the insulative value of woo l  on the limbs is unlikely to have 

contributed to this e f fec t . I t  is  also d i f f icult to imagine that 

bodyweight -related e ff e c ts on skin temperature could have contributed 

to  variation be tween the tes ts . Thus the possib i l i ty o f  small 

dif ferences in blood f low migh t  b e  seen to exis t , particularly in 

view of the apparently poor control of b lood f low among these lambs at 

their f i r s t  tes t (Chap ter VI) . However ,  the hairy and non-hairy lamb s , 
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which were no t tes ted when newborn and did no t exhibi t  any real 

evidence o f  variat ion in ability to control peripheral blood flow , also 

had a low repeatab ility of skin temperature . 

2 .  Lambs s ired by single-N rams 

(a) Proport ion of lambs attaining summit me tabol ism 

Twenty o f  the hairy and non-hairy lambs s ired by s ingle-N rams 

( Chap ter V) were involved in th is assessment of repeatab i l i ties . Of  

these , 19  ( 9 5%)  were cons is tent in the at tainment of  summi t me tabolism 

at  each tes t .  Differences b e tween the tes ts were not s ignif icant 

(Tab le 8 1 ) . The excep tion was a non-hairy individual which at tained 

summit  metab o l ism at the first tes t but no t at  the second . The results 
.. 

f rom these lambs were therefore more cons istent than f rom the Progeny 

Tes t lambs b u t ,  as has already been no ted , the poorer "repeatab ility " 

among the lat ter · group was due to a number o f  the lambs having rates o f  

decline i n  rec tal temperature close t o  the cut-off point . Thus the 

"attainment of s ummit  me tabolism" , as de fined in this s tudy would s eem 

to be a t rait  of good repeatability , despite  the difficult ies inherent 

in its use .  I t  is also likely to be  a use ful indicator o f  the lamb ' s 

res is tance to cold-s tress , espec ially when considered in conj unc t ion 

with me tabolic  rate and the rate o f  dec line in rectal temperature . 

(b ) Heat p roduc t ion and rate of  decline in rec tal temperature  

Among these lambs the  changes in heat  p roduct ion and rate  o f  

decline in rectal temperature which accompanied the second tes t were 

cons istent with those in the Progeny Tes t lamb s . Thus heat p roduct ion 

- 1  
increased s ignif icantly f rom 1 6 . 1 7 ± 0 . 50 W kg at the f irs t test to  

- 1  
1 7 . 25 ± 0 . 54 W kg a t  the second ( t

1 9  
= 2 . 29 ,  P < . 0 5 ) , but  there was 



TABLE 8 1 :  EFFECT OF SUCCESSIVE TESTS IN A COLD ENVIRONMENT ON THE 
PROPORT ION OF LAMBS ATTAINING SUMMIT METABOLI SM : LAMBS 
S IRED BY S INGLE-N RAMS 

29 1 

C lassif icat ion Proport ion o f  Lambs Attaining Summit Metabol ism 

Legit-Transformed Mean ± S . E . Retransformed % 

Tes t  

F irst  - 1 . 10  ± 0 . 2 7  2 5 . 0  ( 2 0 )  

Second - 1 . 39 ± 0 . 3 1  20 . 0  ( 2 0 )  

Analys is of Deviance 

Source d . f .  x2 Deviance 

Tes t 1 0 . 14  NS 

Error 38 42 . 5 1 
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no s ignif icant change in the rate o f  decline in rec tal temperature . 

S ince there was also no change in the proport ion of lambs attaining 

summit metabolism, this resul t again sugges ts that the lambs experi-

enced a greater rate o f  body heat loss at the second tes t . However ,  

as with the Progeny Tes t lambs , changes i n  other characteris t ics o f  

the lamb which might account for  this increased rate o f  body heat loss 

could no t be de tected . Neither b ir thcoat dep th nor bodywe ight 

exhibited s i gnificant changes be tween the tes ts , and the cause of the 

between- tes t difference in heat p roduc tion remains to be identified . 

The repeatab ility of heat p roduc t ion o f  the hairy and non-hairy 

lambs was o f  a similar magnitude to that in the Progeny Tes t group 

( r = 0 . 59 ,  P< . O l ) .  Rate of decline in rec tal temperature was much 

more repeatable at r = 0 . 84 (P< . OO l ) . Indeed this level of  repeat-

ability is virtually identical to that derived by Slee et al . ( 1980 )  

f rom one o f  their water bath tests . The greater repeatab i li ty o f  

RDRT in t h e  lambs sired b y  s ingle-N rams ( comp ared wi th the Progeny 

Tes t lambs ) is no doub t a consequence of the much greater  var iation in 

th is t rait  among these lambs . This was in turn due to their  greater 

range of b i r thcoat dep ths and mids ide woo l  weights . 

( c) Bodyweigh t  

Bodywe igh t  of  the lamb was again h ighly repeatable , the correlation 

between bodyweight  at each tes t being r = 0 . 98 (P< . OO l ) . In contras t 

to the Progeny Tes t  l amb s , however ,  the lambs s ired by s ingle-N rams 

did no t suffer  a reduc tion in wei ght  between the tes ts . This is 

l ikely to have been due both to the g reater age of these lambs when 

tes ted ( so that they would have had more t ime to estab lish suckling 

prior to the ir  second tes t ) and to the apparently more plenti ful milk 



29 3 

sup p ly o f  the i r  dams . 

(d) Dep th o f  b ir thcoat 

Birthcoat depth was more highly repeatable in these l ambs than in 

the previous group , the correlations b e tween dep th at  each tes t being 

r = 0 . 7 3 (P< . OO l ) at the mids ide pos i t ion and r = 0 . 7 7 (P< . 00 1 )  at the 

hip . Once again the apparently super ior repeatabil i t ies in these 

lambs were due in particular to the ir g reater range o f  coat dep ths . 

Thus wi thin the non-hairy lambs the correlations were s imilar to thos e  

o f  the Progeny Tes t lamb s , b e ing r = 0 . 4 3  and r = 0 . 5 9 for the mids ide 

and hip s ites respec tively . The s ignif icance of these correla tions 

was , however , less than those in the P rogeny Tes t group as a conse-

quence of there being fewer lambs involved . Among the hairy lambs 

the repeatab i l i ty o f  mids ide coat dep th was par ticularly low ( r = 0 . 24 )  

and at  the h i p  s ite the repeatab il ity was somewhat improved ( r = 0 . 4 9 ) . 

Hence the tendency for depth a t  the hip  to be more high ly repeatable 

than at the mids ide was preserved in all 3 of  the geno types examined . 

In view of the low number of animals involved i t  is no t poss ible to 

determine whe ther the lower repeatab i l i ty o f  coat dep th in the hairy 

lambs was a real dif ference . However , the nature o f  the b ir thcoat in 

these lambs , and the greater sens i t iv i ty o f  their coat depth to such 

treatments as we t t ing , would sugges t that a real effect  may have been 

involved . 

The repeatab il ity of mids ide woo l  we ight was no t examined in this 

s tudy but some comments may be  offered concerning its l ikely repeat-

ab ility . Whereas cons iderabl e  variation in coat depth between tes ts 

may b e  induced by handling , grooming and the degree o f  we tness o f  the 

coat (particularly among the s ingle-N lambs ) , mids ide woo l  weigh t  is 
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l ikely to be  less sens i t ive to these treatments . Certainly i t  

should no t be  affected b y  the degree o f  wet ting i f  the midside wool 

s amples are weighed at a cons tant RH o f  the air . Nor is grooming 

l ikely to influence the mids ide wool weigh t ,  except perhaps by the 

removal of sol id material deposited in the coat from the amnio t i c  fluid . 

This ma terial would probably contr ibute only a small frac tion o f  the 

to tal mids ide wool we ight , and such var iation could be eliminated by 

s couring the mids ide woo l  samples pr ior to weighing . One o f  the maj or 

s ources of error in measur ing mids ide woo l  weight appears to be that 

associated with the measurement of skin area . 

discussed in detail by Henderson ( 1 9 5 3 ) . 

(e)  Hind-limb skin temperature 

These errors have been 

Skin temperature was again the leas t repeatable of the traits 

examined , with a correlat ion between skin temperature at the two tes ts 

o f  only r = 0 . 40 (P< . lO ) . This repeatab ility es timate is ident ical 

to  that derived from the s tudy of the Progeny Tes t lambs . 

Chapter Summary 

The repeatab il ity o f  res is tance to cold-s tress and o f  associated 

traits was examined in 24 of the Progeny Tes t lambs ( Chap ter VI)  and in 

20 of the lamb s s ired by s ingle-N rams ( Chap ter V) . The Progeny Tes t 

lambs were those  wh ich had been f irst  tes ted in the newborn/ unfed s ta te 

while the hairy and non-hairy lambs were  a s ample of those exposed to 

moving air at  the firs t  tes t . In each case the lambs were returned 

. to the ir dams and permi t ted to suckle for 2 to 20 hours before b eing 

re-tes ted in an environment identical to that used in the f irs t tes t .  

The attainment o f  summit me tabol ism by these lambs was quite 
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highly repeatable ,  79%  of  the Progeny Tes t lambs and 9 5 %  o f  the group 

s ired by s ingle-N rams being cons is tent in whe ther or not they attained 

summit me tab olism at each tes t .  The lower repeatab i l i ty o f  the Progeny 

Tes t  lambs was due largely to a numb e r  o f  lambs whose rate o f  decline 

0 - 1  
in rectal temperature was close t o  the criterion of  0 . 0 25 C min used 

to define the a t tainment of  summi t me tabolism in this s tudy . The 

difference b e tween these groups in the repeatab ility of  th is trait was 

therefore p rima r ily a funct ion of the manner in which the attainment 

of summit me tabolism was def ined . 

The 2 main indices of  cold-s tress used in this s tudy , heat pro-

duct ion and rate of decline in rectal temperature , exhib ited moderate 

to good repeatab ilities . For heat p roduction the correlations were 

0 . 5 3 to 0 . 59 and for RDRT 0 . 6 2 to 0 . 84 .  In each case the lambs s ired 

by s ingle-N rams exhibi ted the greate r  repeatab ilities . For the rate 

of  decline in rec tal temperature the d if ference was associa ted with a 

greater variat ion in the trait among the hairy and non-hairy lambs . 

While these repeatab i l i ty es timates are generally lower than those o f  

Slee et  al . ( 1980) , this was p robably due bo th to a lesser var iab ili ty 

in the cold-s t ress indices among these lambs and to the water-bath tes t 

used by Slee e t  al . ( 1980) being less sens i t ive to differences in 

b ir thcoat insulat ion than were the cold air tes ts used here . 

Birthcoa t  depth was only moderately repeatable , the correlations 

between the dep ths at each tes t ranging f rom 0 . 4 3  to 0 . 78 .  Repeat-

ab il ities were be t ter in the lambs s ired by  s ingle-N rams as a conse-

quence of their greater range of  coat dep ths . Dep th at  the hip site  

was cons is tently more repeatable than dep th a t  the mids ide pos i t ion . 

The repeatability of midside wool wei gh t  was not examined . 
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Hind-limb skin temperature was no t h ighly repeatable , a correlation 

of  0 . 40 being found in each of the groups examined . The causes o f  the 

cons iderable between-test variation are no t known , but it seems un­

l ike ly that variation in coat insulation on the l imb was invo lved s ince 

all the lambs were exposed to moving air . Nor were bodyweight-

related effects on skin temperature ( such as were demons t rated in 

Chap ter VI) l ikely to have been a contribut ing factor s ince bodywe ight 

of  the lamb was very h ighly repeatable . 
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RELATIONSHIPS BETWEEN SOME CHARACTERISTICS OF THE 

BIRTHCOAT AND OF THE HOGGET FLEECE 

Introduction 

2 9 7  

S ince the level of  heat product ion required by the lamb t o  main­

tain body temperature is related to some characteris tics of its  birth­

coat , and s ince these characteris t ics can be meas ured with a reasonable 

degree of repeatab ility ,  the s elec t ion of newborn lambs for improved 

b ir thcoat insulation appears to be a pos s ib ility . I t  has no t been 

w ithin the scope of this s tudy to e s t imate the heritability of these 

characteris tics . However ,  some informat ion may be provided about the 

possib le ef fec ts of this selection ( in the lamb ' s  own lifetime) by 

examining relat ionships between charac ter i s t ics o f  the b irthcoat and 

those of the hogget fleece . 

Experimental Des ign and Me thods 

The exper iment involved only the Progeny Tes t lambs , all of  whom 

were retained in the flock until hogge t shearing (at approximately 1 3  

months o f  age) as part o f  the ongo ing experiment for which the f lock 

was originally es tabl ished . The ram and ewe hoggets were grazed 

separately from the time of  weaning so s ome of the between-sex 

d i fferences are l ikely to have been environmental ef fec ts ( i . e .  the 

"sex" treatment is actually a "sex-rearing" treatment) .  Fleece 

characteris t ics were measured at hogge t shearing as described in 

Chap ter I I .  The bir thcoat dep th data were thos e  from measurements 

made after the lambs had been dried and re-wet ted ( i . e .  from the f irs t 
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test f o r  the fed/older lambs and f rom the second test  for  the unfed/ 

newborn group ) . 

O f  the 54 lambs tested at  birth ( Chap ter VI) , 4 1  were p resent a t  

hogget shearing . Relationships b e tween their b ir thcoat and hogget 

fleece charac teris tics were ini t ially examined by s imp le correlation 

analys is within treatment groups and across all treatments . This 

analysis  was used to identify relationships which were likely to be 

s igni f icant and these were then further examined by analys is of covari-

ance . 

Results  and Discuss ion 

1 .  Greasy fleecewe igh t 

The analysis o f  variance for greasy fleecewe ight o f  the hogge ts is 

presented in Tab le 82 . Male lambs produced fleeces which were 33% 

heavier than those o f  females , a difference which was highly s i gnif i-

cant ( P< . 00 1 ) . There was also a small difference between the face 

cover groups in hogget fleeceweigh t . This difference was in f avour 

of the more open faced hoggets but was s ignificant only at the 10% 

leve l . 

The pooled within-class regress ion coef ficient of (hogget)  greasy 

fleeceweight on ( lamb) hip coat dep th was b = 0 . 0 7  ± 0 . 04  kg mm
- 1  

which was s ignif icant (P< . OS ,  Tab le 8 2 ) . Thus increas ing coat depth 

( and hence increasing coat insulation) was associated with an improve-

ment in greasy fleeceweight . Over the range o f  hip coat dep ths en-

countered among these lambs ( 5  to 1 2  mm) this relat ionship would 

account for a d i fference of approxima te ly 0 . 5  kg of greasy fleeceweigh t  

(or  1 4 %  ·of the mean fleeceweight o f  these hoggets) . S ignif icant 
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TABLE 82 : EFFECT OF FACE COVER GROUP, SEX AND HIP B IRTHCOAT DEPTH 
ON HOGGET GREASY FLEECEWEIGHT 

C las s i f ica t ion Greasy Fleeceweight (kg) Mean ± S . E . 

Face cover group 

Face cover 

Control 

Sex 

Male 

Female 

3 .  73 ± 0 . 1 0  

3 . 4 6 ± 0 . 1 0 

4 . 1 2  ± 0 . 1 1  

3 . 0 8 ± 0 . 09 

Analys is of Var iance 

Source of Variat ion 

Face Cover Group (Group ) 

Sex 

Group x S ex 

Error 

d. f .  

1 

1 

1 

3 7  

Mean Square 

0 . 7 4 

1 0 . 7 5  

0 . 6 2 

0 . 1 7  

Analys is of  Covariance 

Source of Var iation 

Main ef fects model ( above ) 

Intra-class (�) regress ion o f  
greasy f leeceweigh t o n  h i p  coat 
depth 

Pooled within-class 

D i f ference 

Res idual error 

d. f .  

3 

2 

35 

Mean Square 

3 . 9 8 

0 . 5 1  

1 0 . 65 

1 0 . 3 7  

0 .  16 

(20)  

( 2 1 )  

( 1 7 )  

( 2 4 )  

F 

4 . 2 6 t 

6 1 . 7 4 ***  

3 . 56 t 

F 

3 . 3 1  * 

4 . 2 1  * 

2 . 42 N S  
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relationships could no t be detec ted be tween greasy fleeceweigh t  and 

midside coat depth o r  wool we ight per unit area of skin in the lamb . 

2 .  Staple length 

Hogge ts o f  the Face Cover flock had a s i gni ficantly greater mean 

s taple leng th than their Control group peers (� . 0 1 ,  Table 8 3 )  a 

result which contras ts markedly with the analys is of greasy fleece-

weigh t .  Sex of  the lamb exerted only a small effec t o n  i t s  s tap le 

length . 

S taple length in the hogge t fleece was s ignificantly associa ted 

with mids ide wool we ight  and , to a lesser extent , wi th hip coat dep th . 

The pooled within-class regress ion coe f f icient of  stap le length on mid­

- 1  2 
s ide wool  we ight was b = 0 . 09  ± 0 . 0 3  cm mg cm which was s ignif icant 

(P< . 05 ,  Table 83) . Thus high mids ide woo l  weigh ts in the lamb b irth-

coat were associated with increased s taple lengths in the hogge t fleece . 

The relat ionship be tween s taple length and hip coat dep th was mo re 

complicated . The pooled with in-class regress ion coe f f ic ient o f  s taple 

length on hip coat depth was non-s ignif icant but the within-face cover 

group regress ions were heterogeneous at the 10% level . Thus s taple 

length was related to hip coat dep th among the Face Cover lambs 

(b = 0 . 4 7  ± 0 . 25 cm mm- 1 t
1 8  

= 1 . 88 ,  P< . 10 )  but no t among the 

Controls (b -0 . 1 1  ± 0 .  2 1  - 1 cm mm t 19  
= 0 . 5 1 ,  NS . ) . While this 

difference is of  ques tionable s i gnif icance , a s imilar pattern was 

detected in the relationship between fibre d iame ter and h ip coat dep th . 
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TABLE 83 : EFFECT OF FACE COVER GROUP, SEX ,  HIP B IRTHCOAT DEPTH AND 
MIDS IDE WOOL WEIGHT PER UNIT AREA OF SKIN ON STAPLE LENGTH 
OF HOGGET WOOL 

C lassif icat ion 

Face cover group 

Face cover 

Control 

Sex 

Male 

Female  

Sourc e  of  Var iat ion 

Face Cover Group (Group ) 

Sex 

Group x Sex 

Error 

S taple Length ( cm) Mean ± S . E .  

Analys is o f  Var iance 

1 5 . 3 1  ± 0 . 4 2 

1 3 . 60 ± 0 . 4 1  

1 4 . 99 ± 0 . 4 6 

1 3 . 9 2 ± 0 . 38 

d . f .  Mean Square 

1 

1 

1 

3 7  

2 9 . 82 

1 1 . 48 

4 .  2 3  

3 . 49 

( 20 )  

( 2 1 )  

( 1 7 )  

( 2 4 )  

F 

8 . 54** 

3 . 2 9 t 

1 .  2 1  NS 

. . .  / con t inued 



TABLE 83 , con t in ued 

Analys is of  Covar iance 

Source of Var iat ion 

Main effects  model ( above ) 

Intra-class (sex)  regress ion 
of  s taple lengt h  on mids ide 
wool weight 

Pooled within-class 

Dif ference 

Residual error 

Main ef fects model ( above) 

Intr a-class ( face cover grouE) 
regression of  s t ap le length on 
h ip coat depth 

Pooled within-c lass 

Difference 

Res idual error 

d. f .  Mean Square 

3 1 4 . 83 

2 1 0 . 1 5  

1 1 7 . 90 

1 2 . 39 

35 3 . 1 1  

3 1 4 . 8 3 

2 6 . 3 1 

1 2 . 1 7 

1 10 . 45  

35 3 . 33 

30 2 

F 

3 . 2 6 *  

5 .  7 5 *  

0 .  7 7  N S  

1 .  89 NS 

0 . 6 5 NS 

3 . 1 4t 
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F ibre diame ter was not s t rongly associated with any o f  the t reat-

ments or birthcoat charac teris tics o f  interes t in this s t udy . Nei ther 

face cover group nor sex of the lamb s ignif icantly affec ted mean fibre 

d iameter (Tab le 84) . 

The pooled wi thin-class regress ion coe f f ic ient o f  fibre diame ter 

on h ip coat depth was non-signif icant but the within- face cover group 

regress ions were signi f icant ly heterogeneous , if  only at the 10% level . 

Thus h igh coat dep ths were associated with coarse hogge t wool among 

- 1  the Face Cover lambs ( b  = 0 . 54 ± 0 . 24 microns mm , t
18  

= 2 . 20 ,  P< . 05 )  

- 1 
but  no t among the Controls (b = - 0 . 09 ± 0 . 20 microns mm , t

19  
= 0 . 46 , 

NS . )  . 

4 .  C rimp frequency 

Although neither face cover group nor sex o f  the lamb exerted a 

s ignificant e f fect on c rimp f requency , the interaction b e tween these 

treatments was s ignif icant ( P< . 0 5 ,  Table 85) . Thus the male hogge ts 

of the group selected for open faces had a lower crimp f requency than 

the females , but no such dif f erence exis ted among the Control animals . 

The pooled within- class regress ion coef fic ient o f  crimp frequency 

on mids ide woo l  weight  was s i gnificant at the 5%  level with a value 

b = -0 . 0 15 ± 0 . 00 7 crimps cm- l 
mg

- 1  
cm

2 
(Table 85) . S ince crimp 

f requency is an important fac tor in the sub j e c t ive ( quality count) 

assessment of wool f ineness , this result indicates that increas ing 

mids ide wool  weights in the b irthcoat are likely to be associated with 

increasing coarseness o f  the hogget f leece (when assessed visually ) . 
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TABLE 8 4 :  EFFECT OF FACE COVER GROUP , SEX AND HIP BIRTHCOAT DEPTH 
ON MEAN F IBRE D IAMETER OF HOGGET WOOL 

C las s if icat ion Mean Fibre Diame ter (micron ) Mean ± S . E .  

Face cove r group 

Face cover 

Control  

Sex 

Male 

Female 

32 . 6 7 ± 0 . 42 

32 . 1 9 ± 0 . 40 

3 2 . 82 ± 0 . 45 

3 2 . 04 ± 0 . 37 

( 2 0 )  

( 2 1 )  

( 1 7 ) 

( 2 4 )  

Analys is of  Variance 

Source o f  Var iat ion d .  f .  Mean Square 

Face Cover Group (Group ) 1 2 . 42 

Sex 1 6 .  1 2  

Group x Sex 1 1 .  09  

Error 3 7  3 . 42 

Analys is of Covar iance 

Source of Var iat ion d. f .  Mean Sguare 

Main e f fects model (above ) 3 3 . 14  

Intra-c lass (face cover grouE) 2 7 . 95 
regress ion of mean f ibre diameter 
on h ip coat depth 

Pooled within-c lass 1 3 . 49 

F 

0 .  7 1  NS 

1 .  79 NS 

0 . 32 NS 

F 

2 . 5 1  t 

1 . 1 0 NS 

D i f ference 1 1 2 . 4 2  3 .  9 3  t 

Res idual error 35 3.  16 
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TABLE 85 : EFFECT OF FACE COVER GROUP, S EX AND MIDS IDE WOOL WE IGHT 
PER UNIT AREA OF SKIN ON CRIMP FREQUENCY OF HOGGET WOOL 

C las s i f icat ion 
- 1  

Cr imp Frequency (Cr imps cm ) Mean ± S . E . 

Face cover group 

Face cover 

Control 

Both groups 

Male 

1 . 1 1 ± 0 . 1 3
a 

( 8 )  

1 . 4 7  ± 0 . 1 2
b 

( 9 )  

1 . 2 9  ± 0 . 09 
( 1 7 )  

Sex 

Female 

l . 48 ± 0 . 1 0
b 

( 1 2 )  

1 . 3 7 ± 0 . 1 0b 

( 1 2 )  

1 . 43 ± 0 . 0 7 
( 2 4 ) 

Ana lys is of Var iance 

Source of Var iat ion 

Face Cover Group (Group 

Sex 

Group x Sex 

Error 

d .  f .  

1 

1 

1 

3 7  

Mean Square 

0 . 07 

0 .  1 7  

0 . 54  

0 .  1 2  

Analys is of Covariance 

Source of Varia tion 

Main ef fects model  (above ) 

Intra-class ( face cover group ) 
regress ion of  cr imp frequency 
on mids ide woo l  we ight 

Pooled within- class 

Difference 

Res idual error 

d .  f .  

3 

2 

35  

1 

1 

Mean Square 

0 . 25 

0 . 28  

0 . 1 2  

0 . 5 4 

0 . 0 1  

Both sexes 

1 . 30 ± 0 . 08 
( 2 0 )  

l .  4 1  ± 0 .  0 8  
( 2 1 )  

F 

0 . 5 4 NS 

l .  32 NS 

4 . 30* 

F 

2 . 3 7 NS 

4 . 6 4* 

0 . 1 0  NS 
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However ,  as has already been demons trated , this does not hold true when 

f ibre diame ter is measured directly (by the airflow technique) . 

5 .  Standard deviat ion o f  f ibre diameter 

The s tandard devia t ion of  f ibre diameter in the hogge t woo l  sample 

was no t s ignif icantly influenced by the sex of the lamb or by the group 

his tory of selection for  face cover (Table 86) . Nor was it found to 

be  associated with any of the b irthcoat charac teris t ics measured in 

this s tudy . 

Lockart  ( 1956)  found that the variabil ity o f  f ib re diame ter in 

the fleece of  two-tooth Merino ewes was s ignif icantly correlated with 

their birthcoat hairiness grade . Since birthcoat grade has been shown 

to b e  assoc iated with coat dep th in Romney lambs (Chap ter I I ) , i t  

migh t have been expected that coat dep th would also be related t o  the 

s tandard deviat ion of f ib re diame ter in the Progeny Tes t  lambs . How-

ever , the range of b irthcoat hairiness in these lambs was much smaller 

than was apparently the case in Lockart ' s s tudy , which may account 

for  the failure to identify any such relat ionships here . 

6 .  Proportion of medullated fibres 

The proportion of  medullated f ibres in the hogge t mids ide sample 

was s ignificantly a f fe c ted by face cover group , the Control hogge ts 

exhibiting a much greater f requency of  medullation than their more 

open-faced peers (Tab le Si) . There were , howeve r ,  no s t rong relat ion­

ships between the proportion o f  medullated f ib res and characteris tics 

o f  the b ir thcoat . The only evidence o f  such a relationship was in 

the heterogeneity (at  the 10%  level)  of the with in-face cover group 

regress ions o f  percentage medullated f ib res on mids ide woo l  weigh t .  
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TABLE 86 : EFFECT OF FACE COVER GROUP AND SEX ON THE STANDARD 
DEVIATION OF FIBRE D IAMETER OF HOGGET WOOL 

C lassificat ion 

Face cover group 

Face cover 

Control  

Sex 

Male 

Female 

Source of Variat ion 

Face Cover Group (Group ) 

Sex 

Group x Sex 

Error 

Standard Deviat ion of Fibre Diame ter (microns ) 

Analys is 

6 . 46 

6 . 59 

6 . 4 3 

6 . 6 1 

of  Variance 

( 20 )  

( 2 1 )  

( 1 7 ) 

( 2 4) 

d .  f .  Mean Square 

1 0 . 1 8  

1 0 . 33 

1 0 . 02 

3 7  0 . 60 

F 

0 . 30 NS 

0 . 55 NS 

0 . 0 3 NS 
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TABLE 8 7 : EFFECT OF FACE COVER GROUP, SEX AND MIDS IDE WOOL WE IGHT PER 
UN IT AREA OF SKIN ON THE PROPORT ION OF �lliDULLATED F IBRES IN 
HOGGET WOOL 
(Treatment mean proport ions o f  medul lated f ibres and their 
standard errors are exp ressed as dec imals ) 

Class ificat ion Proport ion o f  Medul lated Fibres - Mean ± S . E �  

Face cover group 

Face cover 

Control  

Sex 

Mal e  

Female 

0 . 0 1 3  ± 0 . 009 

0 . 0 5 1  ± 0 . 009 

0 . 036  ± 0 . 0 1 0  

0 . 028  ± 0 . 006  

( 2 0 )  

( 2 1 )  

( 1 7 ) 

( 2 4 )  

Analys is of  Var iance 

Source of Variat ion 

Face Cover Group (Group ) 

Sex 

Group x S ex 

Error 

d .  f .  

1 

1 

1 

3 7  

Mean Square 

0 . 0 1 4  

0 . 00 1  

0 . 00 1  

0 . 002  

Analys is o f  Covar iance 

Source of Variat ion 

Main e f f e c ts model ( above ) 

Intra-class ( face cover group) 
regression of % medullated f ib res 
on mids ide wool we ight 

Pooled within-class 

D i f f erence 

Res idual error 

d .  f .  

3 

2 

3 5  

Mean Square 

0 . 005 

0 . 004 

1 0 . 000 

1 0 . 00 7  

0 . 002  

F 

7 . 9 8 ** 

0 . 45 NS 

0 . 68 NS 

F 

2 . 0 6 NS 

0 . 06 NS 

4 . 0 7 t 
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TABLE 88 : EFFECT OF FACE COVER GROUP , SEX, HIP BIRTHCOAT DEPTH AND 
M�DS IDE B IRTHCOAT DEPTH ON COLOUR GRADE OF HOGGET WOOL 

Clas s if icat ion 

Face cover group 

Face cover 

Control 

Sex 

Male 

Female 

Source of Variat ion 

Face Cover Group (Group ) 

Sex 

Group x Sex 

Error 

Ana lys is 

Co lour Grade - Mean ± S . E .  

5 . 3 ± 0 .  l ( 20 )  

5 . 5 ± 0 .  l ( 2 1 )  

5 .  2 ± 0 . 2 ( 1 7 )  

5 . 6  ± 0 .  l ( 2 4 )  

of  Variance 

d. f .  Mean Square F 

l 0 . 57  1 .  34  NS  

l 1 .  70 4 . 02t  

1 0 . 07 0 . 1 6  NS 

37  0 . 42 

. . .  / cont inued 



TABLE 88 , cont inued 

Analys is of Covariance 

Source of Variat ion 

Main e f fects model (above ) 

Intra-class (sex)  regress ion 
of colour grade on h ip coat 
dep th 

Pooled with in-class 

D ifference 

Res idual error 

Ma in e f fects model  (above )  

Intra-c lass (sex) regress ion 
of co lour grade on midside 
coat depth 

Poo led within-c lass 

D i f ference 

Res idual error 

d. f .  Mean Square 

3 0 . 76  

2 1 .  02 

1 1 .  2 3  

1 0 . 8 1  

35 0 . 39 

3 0 . 76  

2 1 .  37  

1 1 .  80 

1 0 . 9 5 

35 0 . 37 

3 10 

F 

2 . 62t 

3 . 1 5t 

2 . 0 9 NS 

3 .  72*  

4 . 88* 

2 . 5 6 NS 
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Among the open-faced hoggets the regress ion coeffic ient was s ignif i-

cant at the 10% level with a value of b = 0 . 25 ± 0 . 1 3  percentage 

- 1  2 
units mg cm ( t

18  
= 1 . 7 8) , while among the Contro l group the 

regress ion coeffic ient was no t s ignif icant (b = -0 . 10 ± 0 . 10 per-

- 1  2 
centage units mg cm , t

1 9  
= 0 . 99) . 

7 .  Wool  colour 

Treatment effects on the co lour grade of the hogge t wool were 

smal l ,  there being a sl igh t advantage in co lour to the female lambs 

( P< . 10 ,  Table 88) . However , co lour grade was found to be related to 

coat depth at the mids ide pos i t ion and , to a lesser extent , at the hip 

s i te . The pooled within-class regress ion coef f icient o f  colour grade 

on mids ide coat dep th was b = -0 . 1 3 ± 0 . 06  colour grade uni ts ( CGU) 

per mm dep th which was s ignificant at the 5%  level ( Table 88) . At 

the hip s i te , the pooled with in-class regress ion coefficient (b 

-0 . 10 ± 0 . 06 CGU mm
- 1

) was s ignif icant only at  the 10% level . Hence 

there was some tendency for high b ir thcoat dep ths at each s i te to be 

associated with poor colour in the hogget fleece . 

Chapter Summary 

Relationships be tween some characteris t ics o f  the b ir thcoat and 

o f  the hogge t fleece were examined in 4 1  ewes and rams drawn f rom the 

Progeny Tes t flock . The b irthcoat characteris t ics had been measured 

during the course of  previous experiments ( the coat dep ths after 

art i f icial wet ting) when the lambs were less than 48 hours old . 

Hogget f leece charac ter ist ics were measured at  hogge t shearing when 

the animals were approximately 13 months of  age . 



3 1 2  

Birthcoat dep th a t  the h ip site  was pos i t ively assoc iated wi th 

greasy hogget fleeceweight but negat ively with the colour grade o f  the 

wool . At the mids ide pos i t ion,  only the negat ive relationship with 

colour grade was apparent . In addi t ion h ip coat dep th was assoc iated 

with s taple length and mean f ibre diame ter (both pos i t ive regress ion 

coeff icients ) ,  but only in the hoggets f rom the f lock selec ted for  

open faces . 

Mids ide woo l  weigh t per unit area o f  skin was pos i t ively assoc iated 

with s taple length and negatively with crimp frequency . The lat ter 

relationship ind icates that lambs with high mids ide woo l  weigh ts are 

l ikely to have a coarse hogget f leece where the d iameter of hogge t woo l  

i s  subj ectively assessed . However ,  mids ide woo l  we igh t was no t 

associated with obj ectively-measured hogge t fibre diame ter . Finally , 

high mids ide woo l  weights were associated with an increased proportion 

of medullated f ibres in the hogget fleece , but this again occurred 

only in the lambs f rom the open-face select ion f lock. 

The resul ts of  this experiment mus t be interpre ted with s ome care . 

Only a small number of animals was involved in the study and , more 

importantly , it has not been poss ib le to es tablish gene t ic relation-

ships between the b ir thcoat and hogget  flee ce characteris t ics . Hence 

some of the phenotyp ic relationships which were identi fied could have 

been due to common environmental ef fects at each s tage o f  the animal ' s 

life . I t  does appear that , had the hogge ts been selec ted on the bas is 

of those charac teris t ics which confer an improved coat insulat ion ( i . e .  

h igh coat dep th and mids ide woo l  weight) , hogge t f leece produc t ion in 

the current generation would no t have suf fered unduly . In  s ome re-

spects ( e . g .  s taple length and greasy f leeceweight )  the selected hoggets 
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would probably have been superior to the culled group , but one area 

of  concern is the likely associated increase in medullation . However ,  

the e f fects o f  such selec t ion on hogget f leece product ion in future 

generat ions are ye t to be identi f ied . 
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D ISCUSSION AND C ONCLUSIONS 
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CHAPTER X 

D ISCUSS ION AND CONCLUS IONS 

The main aim o f  this s tudy was to examine characteris t ics o f  the 

newborn lamb which might influence its  ab ility to res is t the deb ilitat­

ing ef fec ts o f  a cold environment ( and so migh t be manipulated to  reduce 

the incidence of s tarva t ion and exposure mortal ity) . During the course 

of the s tudy certain prob lems were encountered in select ing the corre c t  

environmental condit ions f o r  test ing the lambs . S ince an incorrec t 

cho ice may reduce the value o f  data generated in the experiment , some 

further dis cus s ion of the prob lem is warranted here . 

In  experiments which are concerned with examining the res is tance to 

hypo thermia of lambs (or any o ther homeo therms) it is clearly des irable 

that the animals be  exposed to environments in which they will approach 

the l imit of their ab ili ty to regulate deep body temperature . However , 

because there is cons iderable  between-lamb variation in summi t  metabolic  

rat e ,  some lambs will at tain summit  metabolism unless the group as  a whole 

is exposed to a relat ively warm envi ronment . Accordingly , i f  the 

environmental condit ions chosen for tes t ing are to approximate the f ield 

s i t ua t ion ( i . e .  if  the lambs are to b e  subj ected to a s evere cold-s t ress )  

i t  mus t be  expected that a proportion o f  the lambs will at tain their 

summi t  metabolic rate . In  these animals , heat p roduc tion will not be 

a useful index o f  resis tance to  cold- s t ress . 

The first  p roblem, then,  is to identify those lambs which have 

a t ta ined summit metabolism.  This is comparatively easy to do i f  they 

are exposed to an increas ingly co ld environment (as in Chap ter I l l) and 

changes in their heat p roduct ion and rec tal temperature monito red 
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continuously . I t  is cons iderab ly more d i f f icult i f  the lambs are 

exposed to a s ingle very cold environment , in which cas e  the a t tain­

ment of  summit  metabo l is m  can be  def ined only on the bas is of  some 

c r i terion in the rate o f  decline in rec tal temperature . This has 

certain l imitat ions , part icularly for  those lamb s  whose rate o f  decline 

i n  rectal temperature is very close to the chosen cut-of f  point . 

Never theless ,  treatment e ffects on the frequency of attainment of  

s ummit metabol ism (as def ined in  this  s tudy) were found to correlate 

wel l  with the corresponding e f fects on heat production,  and the trait 

was fairly repeatable . 

Having discriminated between the summi t  and non-summi t lambs , it  

is  then necess ary to  choose the app ropriate index of  res is tance to cold-

s t ress for us e in the experiment . This is l ikely to  be a part icular 

p rob lem if  a subs tant ial p roport ion of the lambs have attained summit 

met abolism . One pos s ible  approach is to use the rate o f  decline in 

rectal temperature (RDRT)  as the main index , but attemp ts to relate 

this to traits such as coat dep th may be  confounded by variation in 

the summi t me tabolism o f  ind ividual lambs . I t  is t rue that b reed 

d i fferences in RDRT may be related to  correspond ing d i f ferences in coat 

characteris t ics (Slee , 1 9 78)  p resumab ly because differences between 

b reeds in summi t  me tabolism are small (Alexander and Bel l , 19 7 5 a) . 

Within-breed variation is much greater ( for example 1 2  to  22  W kg
- 1  

among the Romney lambs examined in Chapter I l l )  and this will have con-

s i de rable influence upo n  the RDRT . Thus i f  a high proport ion o f  the 

lambs in an experiment a t t ain summit metabolism,  the available indices 

of res is tance to cold-s t ress  may be  ine f fective both for the summit 

lambs ( for the reasons dis cussed) and for the non-summit group (because 
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only a few lambs are involved) . This will be a part icular p roblem i f  

regress ion analyses are being at tempted , as i s  illus t rated b y  the 

experiment described in Chap ter VI . 

One way in which the app ropriate environmental conditions can b e  

selec ted i s  to expose the lambs t o  a s equence o f  declining amb ient 

temperatures as described in Chap ter IV . This permi ts the �s timation 

of  the number of lambs attaining summit  me tabolism at each amb ient 

temperature and hence the selec t ion of an environment in which the 

lambs are subj ected to s evere cold-s tress but in which few become 

hypothermi c .  I t  has the maj or disadvantage that the t ime required 

to tes t each lamb is greatly prolonged ( compared with exposure to a 

s ingle environment )  and that much of  the data co llected at  the higher 

amb ient temperatures may be  irrelevant to the p roblem being cons idered . 

O ther d i fficult ies may also aris e ,  such as the apparent tendency for 

the lambs ' coats to dry out after  some t ime in the cl imate chambers 

( Chapter IV) . 

In this s tudy an at temp t was made to use the data f rom lambs 

sub j ected to a series o f  declining amb ient temperatures ( Chap ter IV) 

to selec t appropriate environmental conditions ( a t  a s ingle amb ient 

temp erature) for tes ting lambs in the s ubsequent experiments . This 

met with only limited succes s . In a number o f  cases lambs which were 

exposed to s imilar environments differed cons iderably in the f requency 

of attainment of summit me tabolism, despite  having s imilar bodyweigh ts 

and birthcoat charac teris tics . Clearly the resis tance to hypo thermia 

of the newborn lamb is determined by factors not exami ned in this s tudy , 

and unt il  these are more f ully understood there will be  certain r isks 
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inherent in exposing lambs to a s ingle very cold environment . As a 

compromise i t  may be  necess ary to sub j e c t  the lambs to more than one 

amb ient temperature in the hope of avo iding the prob lems which are 

likely to occur when a high proport ion o f  them attain summi t me tabolism . 

The inves tigations described in this study centred on lambs o f  

the Romney breed which i s  numerically the mos t  impor tant i n  New Zealand . 

Drysdale-cross lambs were used for comparat ive purposes and were , in 

each experiment , found to  have a lower requirement for body heat pro-

duct ion than the Romneys . I t  mus t  b e  s t ressed , however , that a change 

to the Drysdale is no t b e ing advocated as a means o f  reducing lamb 

mortality . Lambs with the hairy b irthcoat charac teris tic o f  the 

Drysdale were used s imp ly to extend the range o f  coat dep ths and mid-

s ide wool weights  available in the s tudy . Indeed , they present a 

unique opportunity to examine the effects  o f  b ir thcoat characteris t ics 

b ecause they are expected to be s imilar to  the Romneys in mos t  o ther 

respects (Dry , 1 955) . 

The results o f  this s tudy indicate that dry lambs are unlikely to 

b ecome hypo thermic unless the air temperature is well below freezing 

po int or they are exposed to very high airspeeds . Conversely we t 

lambs , part icularly those with low summit metabolic rates , could 

. h h . b .  h 1 5
°C .  exper�ence ypo t e rm�a a t  am �ent temperatures greater t an 

There would s eem to be l i t tle that can be done in the f ield to minimize 

the detrimental e f fects o f  wet t ing , excep t perhaps the use of  shelter 

o r  plas t ic coats to reduce the rate of  evaporat ion from the lamb ' s 

body .  Each o f  these approaches may have only l imited app l ication in 

extens ive farming operat ions . Maternal grooming of the lamb s eems 

l ikely to have a role in reducing the mois ture content o f  the coat 
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(Alexander , Signoret and Hafez , 1 9 74) . 

Airspeed effects were generally small ,  lambs exposed to moving 

- 1  
air ( 1 . 0 to 2 . 0  m sec ) having rates o f  body heat production 7 to  

20%  greater than those in s t ill air . There were no s i gnif icant 

differences be tween the 3 levels of  moving air , and it is  suggested 

that the main e ffect  of  a ir movement on coat  insulat ion was the 

removal o f  the boundary layer of s t ill air over the coat . This view 

is further supported by the homo geneity o f  the within-airspeed 

regres s ions of heat p roduction on coat dep th and mids ide wool  we ight  

( Chap ter IV) . I t  mus t b e  remembered , however ,  that the airspeeds 

used in this s tudy were relat ively low , and that there would have b een 

considerable turbulence within the chambers . Further research is 

required to es tablish the effects of higher airspeeds on the coat 

insulation of Romney lamb s . 

The s tudy gives no c lue as to why female lambs have a bette r  

survival rate in the f ield than d o  male lambs (Right and Jury , 1 9 70 ; 

Dalton e t  al . ,  1980) . D ifferences between the sexes in res is tance to 

cold-s tress were apparent in only one experiment (Chap ter V) where the 

female lambs had s i gnif icantly greater rates o f  heat product ion than 

males and attained s ummi t  metabolism more frequently . These dif fer-

ences could not be accounted for solely by the between-sex dif ference 

in bodywe ight .  S ince male lambs have greater b irthweights than 

females they would b e  l ikely to suf fer dys toc ia p roblems more fre-

quently and it  may be this diffe rence which is largely respons ible for  

their greater overall mor tali ty in the f ield . 

In the one experiment which examined b ir thrank e ffects , twin lambs 
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wer e  seen to a t tain summit metabolism more frequently than s ingles , a 

d i fference whi ch was almo s t  ent irely accounted for by their s ignificant-

ly lower bodywe ights . This resul t is cons is tent wi th the findings o f  

Dal ton et  al . ( 1980)  that s ingle- and mul tiple-born lambs o f  equal 

b i r thweights have an equal chance of survival . Desp ite  attaining 

summit metabol ism more frequently than s ingles , twin lambs did no t 

have a s igni f icantly greater me tabolic rate . Accordingly it  is 

sugges ted that birthrank may exert a small e f fect on summi t metabolism . 

Twi n  lambs were also handicapped by lower coat dep ths and mids ide woo l  

we ights  than the ir s ingle-born peers . 

The res is tance to cold- s t ress o f  the newborn lamb appears to im-

prove l i ttle with increas ing age ove r  the firs t 2 days o f  life . In  

one experiment (Chap ter IV)  the heat p roduc t ion o f  lamb s  in  a cold 

environment was found to  decline with age , but only in the Drysdale-

crosses . This effect was apparently due to an increase in the coat 

dep th o f  these lambs as a consequence o f  age-related d ry ing of the coat , 

and would pres umab ly not apply to lamb s  born in we t weather . When 

the e f fects of age and feeding were cons idered s imul taneous ly , newborn 

lamb s  which had no t fed p r ior  to their tes t were found to have a rate 

o f  heat produc t ion and frequency of at tainment of summit  metabolism 

s imilar to that o f  older suckled lambs . This contras ts with the 

recent ly-pub lished f indings o f  Eales and Small ( 19 8 1 )  that  feeding 

colos trum increases the summit metabolism o f  newborn lamb s . Although 

summit metabolism was not measured directly in the unfed/ newborn and 

fed/older lambs (Chapter VI ) , 65%  were cons idered to have at tained 

the ir summit metabol ic rate . Among these ind ividuals the heat p ro-

- 1  
duc t ion of the unfed/newbo rn lambs ( 14 . 5 2  ± 0 . 68 W kg ) was not 
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s ignif icantly different from that of the fed/older group ( 1 5 . 62 ± 0 . 6 2 

- 1  w kg , t33  1 . 18 ,  NS . ) . When the unfed/newb o rn lambs were sub j ec ted 

to a second tes t (after they had s uckled) their heat p roduct ion was 

s ignificantly greater than at the first  tes t .  However ,  this does no t 

appear to have been due to the inge s t ion of colos trum or  milk s ince 

another group of lambs , which had been fed at the firs t tes t ,  exh ib i ted 

a s imilar increase in heat p roduc t ion when exposed to cold for a second 

t ime (Chap ter  VIII ) . 

The s tudy o f  hind-limb skin temperatures in newborn lambs p ro-

duced some unexpected results . Skin temperatures o f  dry lambs were 

greater , and dec lined more s lowly , than those of we t lamb s  over a 

range of amb ient temperatures . Even at  5
°

C amb ient temperature , after  

they had spent 3 hours in the climate  chambers , 65% o f  the dry lamb s  

had skin temperatures i n  excess o f  25°C .  Romney and Drysdale-c ross 

lambs tes ted when dry and in still air also had signif icantly greater 

skin temperatures than Merinos in the same environment . I t  is  the re-

fore concluded that Romney and D rysdale-cross lambs do not necessarily 

cons trict  peripheral b lood vessels immediately upon enter ing the co ld 

zone ( desp ite showing increases in me tabolic rate) , and that some may 

require a s evere cold-s tress to induce per ipheral vasocons t ri c t ion . 

In Chap ter V I  very young lambs ( less than an hour old  at the commence-

ment of the tes t )  were found to exhibit  a rapid decline in skin tempera-

ture with advancing age . I t  would seem tha t ,  at  b i r th , lambs may have 

a poor ab i l i ty to control peripheral b lood f low (even in a very cold 

environment) • However ,  they appear to develop this abi l i ty soon a f t e r  

b ir th and skin temperature was independent o f  age in lambs more than 2 

hours old . 
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The relationship b e tween heat p roduct ion and skin temperature was 

examined in 2 experiments . If  low skin temperatures were ind icative 

of a more intense peripheral vasocons t riction,  and if this resulted in 

an improved tissue insula t ion,  it would be reasonable to expect a 

pos i t ive relationship be tween heat production and skin temperature . 

Such a relationship did not occur in either o f  the experiments ( among 

we t lambs at low amb ient temperatures ) .  I t  is  no t known whether this 

was because the lambs varied lit tle in the intens ity of peripheral 

vasocons t r ic t ion or because skin temperature was no t a good p redictor 

o f  res idual blood flow in the vasocons tricted l imb . Skin temperature 

was also found to be influenced by the we igh t of woo l on the limbs 

( in lambs exposed to s t ill air) and by the lamb ' s bodyweight . This 

suggests that it  was no t a good indicator of peripheral blood flow, 

excep t for large differences such as those b etween dry and we t lamb s . 

The lamb ' s geno type for face cover does no t appear to influence 

its  resis t ance to cold-s tress in the neonatal p eriod . Cockrem ( 19 6 7) 

has postulated that the obse rved relat ionships between facial wool  

growth and p roductive charac ters in mature sheep may be media ted 

through var iation in ab ility to control peripheral b lood f low and body 

t emperature . Lambs f rom the Massey Univers i ty Progeny Tes t f lock were 

therefore examined to  determine whe ther s ingle-trai t selection for  

more open faces . (over a 25-year per iod) had altered their  thermoregu-

latory ability . No d i fferences were found b e tween the Face Cover and 

Control lambs in the frequency of attainment o f  summit metabolism, rate 

of decline in rectal temperature , heat produc t ion or skin temperature . 

Nor were there any d i f ferences in bodyweigh t  or  birthcoat charac ters . 

S imilarly when unselected hairy and non-hairy lambs ( the p rogeny o f  
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s i ngle-N s ires ) were ass igned f ace cover grades at 3 months o f  age , 

no relationship could be f ound be tween the phenotype for face cover 

and their res is tance to cold-s t ress at b irth . S ince face cover is 

moderately heritable ,  the results from both experiments are cons is tent 

with the view that the lamb ' s genotype for face cover does no t in­

fluence its resis tance to cold stress or its ab ility to control peri­

pheral b lood flow to the hind- limb . 

The lamb ' s  bodywe ight  has long been cons idered an important 

determinant o f  its res is tance to cold-s tress , a view supported by the 

res ults  of this s tudy . Thus in Chap ter V the propo r t ion o f  lambs 

a t t a ining summit metabolism was found to be s trongly related to body-

weigh t . The rate of heat p roduc t ion (per unit bodywei gh t )  required 

to maintain body temperature in a cold environment was found to decline 

wi th increas ing bodyweigh t . I t  did no t ,  however , decl ine as rap idly 

as would be expected from the bodyweight  exponent of 0 . 59 (Lines and 

P eirce , 19 3 1 )  which has been widely quoted with respec t  to newborn 

lamb s . In  this s tudy the experimentally-derived exponent was in the 

range 0 . 78 to 0 . 85 which was also very close to the exponent relat ing 

ac tual body s urface area to bodywe igh t  in foe tal sheep (Malan and 

Curson, 1 9 3 6 ) . 

A maj o r  component o f  this study concerned the role o f  the b ir thcoat 

as a determinant o f  res is tance to cold-s tress . Three coat characters 

were examined , these being the dep th of  the coat at the mids ide and 

hip  pos i t ions , together with the weight  o f  wool per unit area o f  skin 

on the mids ide . The s i tes a t  which coat dep th was measured were 

chosen in a preliminary s tudy of lamb skins on the b as is that dep th at  

these s ites was highly correlated ( r  = 0 . 94) with overall mean coat 
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dept h . The measurement o f  coat dep th was highly repeatable in the 

preliminary s tudy but less so (r = 0 . 4 to 0 . 8) in the l ive lambs . 

Lambs with hairy b irthcoats ( i . e .  the Drysdale-cross lambs o f  

Chapter I V  and the hairy lambs of Chap ter V ,  all o f  which carried the 

s ingle N gene) had signif icantly greater coat dep ths and mids ide woo l  

we i ghts  than their non-hairy p eers . The birthcoat dep th o f  the 

hai ry lambs was s ignificantly reduced by we t t ing but no corresponding 

e f f e c t  was apparent in the non-hairy group . I t  is suggested that  this 

was due to a greater sens i t ivity of the long halo hairs to we t ting , an 

e ffect  wh ich would have part ially accounted for the poor repeatab ility 

o f  coat  dep th in the hairy lambs . 

In Chap ter V ,  s ingle-born lambs were found to have greater coat 

dep ths and mids ide wool  weights  than twins . Although this e ffect o f  

b i rthrank was paralleled b y  a corresponding effect  o n  bodyweight , no 

ass o c ia tion could be found between bodyweigh t  and the coat charac ter-

is t ics in that experiment . Conversely , coat dep th and mids ide wool 

we i gh t  did increase with bodyweigh t  among the lambs described in 

Chap t e r  IV . This relat ionship , which was particularly evident among 

the hairy lamb s , would be expected to further compound the poor 

res is tance to cold-s tress o f  small lambs . There was no e ffect o f  

ges ta t ion length o n  the coat charac ters excep t in one case (mids ide 

woo l  weight ) through the correlation with bodyweigh t . 

The level o f  heat p roduc t ion required by the lamb to maintain body 

temp erature was s t rongly related to each o f  the coat characters . Al­

though there was only a l imited range of coat dep ths and mids ide woo l  

weights  i n  these lambs , particularly within the Romney b reed , this was 
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associated w�th a cons iderab le variation in the required metabol ic 

rate . 

Midside and hip coat depth were almost  entirely interdependent in 

the ir control o f  the metabolic response to a cold environment , p re-

sumably as a consequence of the high correlation between the dep th at 

each s ite . Thus the component of  coat ins ulat ion which is a func tion 

of dep th may be adequately des cribed by measuring dep th at only one 

s i t e . Conversely , mids ide woo l  weigh t  exerted a control o f  heat p ro-

duc t ion over and above its  cor relation wi th the coat dep ths . I t  is 

sugges t ed that th is e f fect was due to lambs with high mids ide wool 

we ights  pres enting a greater s urface area o f  fib re ( p e r  unit area o f  

skin) to  retard convect ive a i r  movement within the coa t . 

In  one experiment ( Chap ter IV) , heat p roduct ion was found to be 

related to coat dep th in a curvilinear fashion s uch tha t  maximum coat 

ins ulat ion was at tained at a depth of about 30 mm .  This e f fect  was 

cons idered to be  due to the fact that deeper coats p resent a greater 

surface area to the environment than do shallow coats , and that the 

outer margins of very deep coats (Drysdale-cross lamb s )  cons ist  mainly 

o f  sparsely-dis tributed halo hairs . The relationship between heat 

p roduc t ion and mids ide wool  wei ght was also curvilinear , the maximum 

coat insulation being attained at a mids ide wool weigh t o f  about 

- 2  
90 m g  cm It would appear that this occurred , no t b ecause of in-

c reased conduc t ive heat loss in the coats of lambs with high mids ide 

woo l  we ights , but rather through the correlation between mids ide woo l  

we i gh t  and the non-linear coat depth relationships . Although the 

curvilinear relationships b e tween heat product ion and the coat characters 

were  no t apparent in the subsequent experiment (which involved a smaller 
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range o f  coat depths and midside wool weights)  they do ind icate tha t 

the insulation provided by a unit dep th or mids ide wool  wei ght in the 

Romney is at leas t as good as that in the Drysdale-cross lamb . 

The insulative value of the lamb ' s coat does no t appear to be  

greatly af fec ted by wett ing , excep t in the hairy lambs whos e  coat  

dep th is reduced by the wett ing treatment . Thus the relat ionship 

between heat p roduc t ion and coat dep th or  midside wool we igh t  was found 

to be s imilar for dry and (ar t i f ic ially) wet lambs . Nor do newborn 

lambs , whose coats are naturally wet w ith amnio t ic fluid , appear to have 

a poorer coat insulation than older artificially-wet ted lamb s . 

S imilarly , the insulation provided by a unit dep th or  mids ide wool  

/ we ight was no t affected by the relat ively low airspeeds in th is s tudy . 

In conclus ion i t  may be said that the s election for spec i f ic 

birthcoat types of fers one of  the potentially mos t  useful me thods o f  

imp roving the res is tance to cold-s t ress o f  the newborn lamb . O the r 

pos s ible  approaches should not ,  however ,  b e  ignored . The control o f  

b ir thweigh t  is obviously importan t ,  small lambs being part icularly 

sus cept ib le to body cooling and to s tarvat ion-exposure mortali ty . In 

recent years much dis cuss ion has been devoted to the problem of how to 

reduce variat ion in b irthweight and so improve survival . I t  mus t b e  

stressed , however ,  that while the mor tali ty o f  small lambs i s  particu­

larly h i gh ,  their inc idence in the flock and contribution to the over­

all mor tality rate are less so (Dal ton e t  al . ,  1980 ;  Duf f , 1 9 8 1 ) . 

This fac t ,  together with the tendency o f  ewes to buffer  agains t body­

weight changes in the foetus by manipulating their own body reserves , 

means that attempts to  reduce variation in b ir thweight may have only 

l imited application as a means o f  improving lamb survival . 
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It  has  already been noted that , s ince the body o f  the newborn 

lamb contains little sub cutaneous fat  (Alexander and Bell , 1 9 75b ) , 

t issue insulation is expected to vary with peripheral b lood flow . Al­

though there is some l imited evidence that lambs vary in the rate o f  

blood flow through vasocons tricted tis sues (Alexander , Bell and Hales , 

1 9 7 3) it  does no t appear poss ible to de tec t this variation by the 

measurement o f  skin temperature . I t  seems likely that any such 

variat ion is so low as to contribute l i t tle to variation in the 

insulative properties of the body t is sues . In this conne c t ion it  may 

be no ted tha t ,  although there is cons iderable between-b reed variat ion 

in the cold-resis tance of clipped lamb s , much of this is accounted for 

by breed d i f ferences in bodyweigh t  ( S l ee ,  1 9 7 8) . 

At temp ts to improve the res is tance of the newborn lamb to cold­

s t ress by s election for specific b irth coat types hold some p romise o f  

success b ecaus e the insulative value o f  the coat i s  an important 

de terminant of total body insulat ion , and because the b ir th coat 

charac ter is t ics are relat ively easy to measure . The latter point 

applies more to mids ide wool we igh t  than to the coat dep ths . Even 

so , given some experience the coat dep ths , particularly at the h ip s ite , 

can be measured with a reasonab le degree of repeatab il i ty within 

Romney-type lambs . Indeed the repeatabilities are quite h igh con-

s idering that coat dep th can b e  measured to only 10% o f  the to tal 

range in lambs of this breed ( i . e .  to 1 mm in 10 mm) . Moreover ,  i t  is 

apparent that even the small range of coat dep ths in these lambs is 

associated with a cons iderable s aving in the level of heat p roduc t ion 

required to  maintain body temperature . 

While some gene t ic influences on b irthcoat type are well docu-
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mented ( e . g .  the e ffects o f  the N gene) , s election for these geno types 

is  no t applicable as a means o f  imp roving lamb survival because o f  the 

assoc iated effects  of these genes on the mature fleece . However , 

s tudies of  o ther sheep breeds such as the Me rino (Schinckel , 1 9 5 5 )  

and the Welsh Mountain (Roberts , 1926 ; Dry , 1 9 7 5 )  have shown that a 

deep hairy birthcoat need no t always be  followed by a highly medullated 

adult fleece . The heritab ility of coat dep th and mids ide wool wei gh t  

within Romney lambs has no t been es timated b u t  evidence presented in 

this s tudy of a small sire e f fect on coat depth ( in sires that were 

themselves paternal half-bro thers ) sugges ts that th is t rait  is gene t i-

cally controlled to s ome extent . Nor have the consequences (with 

respect to the mature fleece) of  selection for increased coa t dep th 

and mids ide woo l  we ight  been examined . The results o f  the experiment 

in Chap ter IX  sugges t that high coat depths and midside wool wei ghts  

are  l ikely to  be  ass ociated with increased greasy fleeceweight and 

s taple length , and s lightly p oo rer colour in the hogget fleece . The re 

may also be an increased fibre  diameter and proportion o f  medullated 

f ib res . However ,  these are phenotyp ic  relat ionships only , and the 

corresponding gene t ic correlations have no t been examined . Never the-

less , it seems l ikely that if selection for  improved birthcoat insula­

t ion can be implemented without de triment to  the mature fleece , this 

would ass is t  in improving the res is tance of the newborn lamb to cold­

s tress and so reduce the incidence o f  s tarvat ion-exposure mo rtal i ty . 
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DRY MERINO, ROMNEY AND DRYSDALE-ROMNEY CROSS LAMBS IN STILL AIR 

Introduc t ion 
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I t  was no ted in Chap ter IV that  dry Romney and Drysdale-Romney 

c ross lambs exposed to a sequence of decl ining amb ient temperatures 

exhib ited h ind-limb skin temperatures which were cons iderab ly h igher 

than those o f  the Merino lambs examined by Alexander ( 19 6 1 ) . This 

effect  could have been due to the Mer inos cons tricting peripheral 

blood vess els to a greater extent , or to the ir skin temperatures 

having been allowed to equilibrate more  closely with amb ient tempera-

ture . The 1 0  Mer ino lambs which were on loan from the Wairakei 

Experimental S tation were used to tes t which of thes e fac tors was 

l ikely to have been the more impor tant effe c t . 

Experimental Design and Me thods 

The t reatment o f  the Merino lambs was as described in Chap ter IV 

with the l ambs being exposed to the s ame s equence of declining amb ient 

temperatures , and with hind-limb s kin temperature measured as for the 

Romney and Drysdale-Romney cross lambs in that chap ter . The Merinos 

were tes ted when dry and in still air , thereby removing any poss ible  

e f fect o f  air movemen t  or wet ting on the rate at which s kin temperature 

equil ib rated with the environment . Their hind-limb s kin temperatures 

were compared with those of the 1 2  Romney and Drysdale-Romney cross 

lambs tes ted under the same env ironmental conditions in Chap ter IV . 

No d is t inc t ion was made b e tween the lat ter 2 breeds s ince they had 

p reviously been shown no t to differ  i n  skin temperature . Hence the 
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experiment involved a s imp le comparison o f  the skin temp eratures o f  2 

groups which will be referred to as "breed types" - the Herino lambs 

and the "Romney- type" (Romney and Drysdale-Romney cros s ) . 

Results and Discuss ion 

The analyses of variance for s kin temperature at each amb ient 

temperature are presented in Tab le 89 . Mer ino lambs exhib ited con-

s is tently lower skin temperatures than the Romney-type lambs , al though 

the difference was s i gnif icant (� . 05 )  only at amb ient temperatures o f  

1 5°C and b elow .  Th " d " d  d 1 ·  · h ki �s was ue to a more rap � ec �ne �n t e s n 

temperatures o f  the Merino lambs as the tes t p roceeded . 

At the h ighest amb ient temperature the mean skin temperature o f  

the Mer ino l ambs was 1 . 5°C below the amb ient temperature , while i n  the 

Romney-type lambs skin temperature exceeded amb ient temp erature by the 

same amount . Within each breed type , however ,  the lambs could be  

separated into  2 dis t inc t groups on the bas is of  their skin temperatures 

at this amb ient temperature . None o f  the Romney-type , and only one 

o f  the Mer ino lambs , exhib ited skin temp eratures between 26 and 33°C .  

The main difference be tween the breed types was in the p roportion o f  

lambs falling into each group ; 60% of  the Herino lambs exhib i ted skin 

temperatures lower than the 30°C amb ient temperature , while only 3 3 %  

o f  the Romney- type lambs did so . S ince all the lambs had been held 

at amb ient temperatures of  2°C to 1 5
°

C prior to the tes t ,  this would 

appear to ind icate that a greater proportion of the Her ino lambs had 

cons tricted peripheral blood vessels at that t ime , but had expe rienced 

only l imited vasodilation when exposed to the initially warm env iron-

ment in the c l imate chambers . 
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EFFECT OF BREED TYPE ON THE HIND-L IMB SKIN T EMPERATURES 
OF DRY LAMBS AT S IX AMBIENT TEMPERATURES 

C la s s i f icat ion Hind-L imb Skin Temperature ( OC )  Mean ± S . E .  

Breed tyEe 

Me rino 

Romney-type 

Sour c e  

Br e e d  t y p e  

Error 

Br e e d  type 

Error 

( 1 0 )  

( 1 2 )  

3 0 . 0 

2 8 . 5 5  
2 . 07 

3 1 . 4 8 
1 .  89 

d. f .  

1 

2 0  

1 

20 

± 

± 

Nominal air t emEerature ( OC )  

2 5 . 0 2 0 . 0 1 5 . 0 1 0 . 0  

2 7 . 7 5  ± 2 5 . 6 5  ± 2 2 . 4 5  ± 2 0 . 00 ± 
2 . 1 1 2 . 0 3 2 . 2 8 2 . 62 

3 1 .  1 7  ± 30 . 46  ± 2 8 . 9 6 ± 2 8 . 3 8  ± 
1 . 9 3  1 .  8 5  2 . 08 2 . 39 

Ana lys i s  o f  Va r ian ce 

Mean Square and S ign i f icance 

Nominal 

3 0 . 0 

46 . 6 7 

4 3 . 03 

1 5 . 0  

2 3 1 .  OS* 

52 . 20 

NS  

air temEerature ( OC )  

2 5 . 0  

6 3 . 6 7  

4 4 . 7 1  

1 0 . 0  

382 . 59* 

6 8 .  70  

NS  

2 0 . 0  

1 2 6 . l lt 

4 1 . 4 1 

5 . 0  

3 7 2 . 7 5 *  

8 5 . 1 8  

5 . 0  

1 7 . 90 ± 
2 . 9 2 

2 6 . 1 7  ± 
2 . 6 6 
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As the tes t proceeded ( i . e .  as the amb ient temperature was reduced) , 

the lambs which had h igh skin temperatures at  30°C amb ient temperature 

frequently retained this difference over their peers . When the 

0 
amb ient temperature had been reduced to 5 C ( 2 . 5  hours af ter skin 

temperature was f ir s t  measured) many of them s t ill exhibi ted skin 

0 
temperatures in excess of  25 C .  Thus there was a h ighly significant 

correlation (r  = 0 . 7 3 ,  P< . 00 1 )  b e tween skin temperatures at 30°C and 

at 5
°

C amb ient temp erature ( pooled across b o th breed types) . This 

tendency for lambs to re tain h igh skin temperatures was again mos t  pro-

nounced among the Romney- type lambs . Cons equently the skin tempera-

tures o f  these lambs declined much more s lowly than did those o f  the 

Merino lambs . 

The very high s kin temperature - amb ient temperature gradients 

exhibited by many of these lambs at  the lowe s t  amb ient temperature 

s trongly sugges t that they had no t fully cons tricted peripheral b lood 

vessels . S ince the skin temp eratures of  the Merino lambs (Tab le 8 9 )  

declined more slowly than did those of the Mer inos s tudied b y  Alexander 

( 196 1 ) , the generally high skin temperatures of lambs in this s tudy 

could partly reflect  a fa ilure o f  skin temperature to equilibrate with 

amb ient temperature . However this does not explain why lambs within 

each b reed type varied to a cons iderable degree in their ab ility to 

minimize the skin temperature - air temperature gradient . Moreover 

Alexander ( 19 6 1 )  also found that some fed Mer ino lambs had very high 

skin temperatures , at amb ient temperatures below 10°C ,  despite 

apparently allowing a longer period o f  equilibrat ion than was the case 

in this s tudy . 

I t  mus t therefore be concluded that the Romney and Drysdale-cross 



3 3 2  

lambs were less adep t a t  minimiz ing peripheral b lood flow i n  a cold 

environment than were the Merino lambs . This fac to r ,  rather than 

p roblems of equilib rat ion in skin temperature , appears to have been 

primar ily respons ible for the high skin temperatures o f  the dry Romney­

type lamb s . 
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APPENDIX I I  

EST IMATION O F  THE BULK DENS ITY O F  THE B IRTHCOAT 

IN  ROMNEY LAMBS 

Introduc tion 

The data described in this append ix are derived f rom 12 Romney 

lambs of a s imilar gene tic  background to those described in Chap ter IV . 

The lambs were close-cl ipped to remove the entire birthcoat and the 

b ir thcoat  characterist ics (mids ide and hip coa t dep th , mids ide wool 

weight per unit area o f  skin and to tal birthcoat we ight)  were measured 

as described in Chap ter I I .  Removal of the b irthcoat was performed 

to facil itate heat loss during the measurement o f  summi t me tabolism 

( Chap ter I l l ) . 

Resul ts 

The mean bulk dens i ty of the b ir thcoats o f  thes e lambs was es t imated 

as follows : 

- 3  
Bulk dens ity (mg c m  ) Total b irthcoat we ight (mg) 

Surface area ( cm2) x Mean coat dep th ( cm) 

where "mean coat depth"  for  each lamb refers to the mean of i ts hip and 

midside coat depth . The lamb ' s  surface area was es t imated from i t s  

bodyweight us ing the following formulae : 

A = 0 . 1 2 1  w0 . S 9 

A 3 • 3 20 w0 
. 7 7  S 

where A is the surf ace area in s quare me tres 

and W the we ight in kilograms (Lines and Peirce , 

1 9 3 1 )  

' 
where A is the surface area in s quare centi-

me tres and W the weight in grams (Malan and 

Cursony 1 9 3 6 )  
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While neither of these formulae provides an ideal es t imate o f  

sur face are a ,  the former having been c alculated o n  data from sheep o f  

newborn t o  mature pos t-natal age and the lat ter from foetuses o f  2 8  

to 149  days ges tational age , i t  seems l ikely that the bes t available 

e s t imate of surface area would lie within the range o f  es t imates pro-

vided by these equations . 

The mean weight  o f  these  lambs was 5 . 40 ± 0 . 2 7 kg and mean 

2 
surface area was therefore estimated to lie be tween 2 6 5 3  ± 104 cm 

2 
(by  formula of Malan and Curson , 1 9 36 )  and 3 260 ± 100 cm (by formula 

of L ines and Peirce , 1 9 3 1 ) . Mean total birthcoat we ight was 

140 . 56 ± 7 . 6 3 g and b ir thcoat dep th ( calculated over both measuring 

s i tes)  averaged 9 . 0  ± 0 . 3  mm . The mean bulk dens ity of the lambs ' 

birthcoats was therefore es t imated to be in the range 48 . 0  ± 1 . 5  to 

-3 
5 9 . 4  ± 1 . 8  mg cm 
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ADDENDUM CHAPTER IV 

It  wa s no ted by the  examin e r s  tha t no  accoun t  had been taken o f  

p o s s i b l e  co r r e l a t ions b e t we en p e r fo rma nc e a t  each test f o r  the lamb s 

t e s ted twi c e  in  Cha p t er I V .  

fol lows : 

The d a ta wer e  therefore r e -anal ysed a s  

(a ) fo r each o f  the 3 ind epend en t var ia b l e s  (hea t pro duc t io n ,  

r e c t a l  temp era ture and skin tempera ture ) i n  the anal y s i s  o f  

var ianc e (Tab l e s  7 ,  8 ,  9 ) , a nd a t  each o f  the 6 amb i ent 

t empera ture s ,  r e s idua l s  we r e  calcula ted a s  the devia t ion o f  

ac tual f rom pred ic ted p e r f o rmanc e f o r  ea ch l amb te s t . The 

c o r r ela t io n  between the r e s idua l s  a t  f i r s t  and second t e s t  

wa s then c a lc u la ted f o r  the lambs t e s ted twic e . The 

corr ela t io n s  ranged f rom -0 . 0 1 to +0 . 4 8 wi th mo s t  o f  the 

va lues  be ing between r = 0 . 20 and r = 0 . 3 5 .  

( b ) ana l yses  o f  var ianc e ,  we ighted to take accoun t o f  the 

co rrela t io n  (a s sumed to equa l 0 .  3 0 )  b e t \-.reen the r e pea ted  

o b s e rva t io n s ,  we re then under taken and the r e sul t s  compa red 

with  tho s e  repo r ted in the t ex t . Fo r hea t produc t ion and 

rec tal tempera ture the 2 a na l yses  (a t  each amb i e n t  temp era ture ) 

ind ica ted the same l evel s o f  s ignif icance for a l l  ma i n  e f f ec t s 

and in t e ra c t ions . In the case  o f  skin temp e r a t ur e , the 

r ev i sed ana ly s i s  sho wed a s l ight inc r ea se in the F-ra t io s  

f o r  the ma in e f f ec t  o f  a ir s pe ed and f o r  some in t erac t io n s . 

The in ter p r e ta t ion o f  these  ana l y s e s  wa s no t ,  ho \-.rever , a l tered . 
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