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ABSTRACT 

This thesis sets out to identify physical and physiological differences between lambs of 

different birth ranks at birth, and to use this information to identify practical on-farm 

management strategies which could improve triplet-born lamb survival. 

Triplet-born lambs, especially the lightest-triplet-born lambs, not only had a greater 

capacity to lose heat but also had a reduced capacity to produce heat when compared to 

twin-born lambs. Due to their lighter birth weights, triplet-born lambs had lower plasma 

thyroxine (T4) concentrations within the first 24 hours of life than twin-born lambs, and 

within twin- and triplet-born litters, the lightest- and medium-triplet-born lambs had greater 

plasma lactate concentrations than all twin-born lambs and the heaviest-triplet-born lambs. 

Independent of lamb birth weight, triplet-born lambs had lower plasma tri-iodothyronine 

(T3) concentrations within five minutes of birth, and within twin- and triplet-born litters, the 

lightest- and medium-triplet-born lambs had lower plasma T4 and T3 concentrations within 

five minutes of birth than all twin-born lambs and the heaviest-triplet-born lambs. It was 

hypothesised that because triplet-born lambs had a lighter birth weight and lower plasma 

thyroid hormone concentrations, they would have inadequate thermoregulatory capabilities 

when compared to twin-born lambs. The lower rectal temperatures of triplet-born lambs 

within the first hour of life and the lower heat production on a per lamb basis at 24 to 36 

hours of age, and the lack of difference in maximum heat production on a per kg of birth 

weight basis at 24 to 36 hours of age support this hypothesis. 

Two practical on-farm management strategies trialled in this thesis to improve triplet-born 

lamb thermoregulation were offering concentrate supplement during late pregnancy to 

improve lamb birth weights, and maternal iodine supplementation to improve lamb plasma 

thyroid hormone concentrations. While offering concentrate showed positive effects such 

as increasing lamb birth weights, colostrum uptake and triplet-born lamb heat production 

on a per kg of birth weight basis, the results were either inconsistent across experiments or 

between birth ranks suggesting additional work is required to determine the repeatability 

and cost effectiveness of these findings. Maternal iodine supplementation offered no 
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benefits in terms of lamb birth weights, plasma thyroid hormone concentrations or lamb 

heat production. Further investigations identified that lamb birth weights, thyroid hormone 

concentrations, glucose and NEFA concentrations are positively associated with maximum 

heat production at 24 to 36 hours of age. Practical on-farm management strategies which 

could target these physical and physiological factors may improve triplet-born lamb heat 

production, and therefore the survival rates of triplet-born lambs. 



v | P a g e  

 
This thesis is dedicated to Geoff and Jill Kerslake 

 

Thank you for teaching me that if you just give it a go, and try your hardest, anything in 

this life is possible! 

 





vii | P a g e  

ACKNOWLEDGEMENTS 

As Sir Edmond Hillary would have said we have knocked the bastard off! 

What a roller coaster of a ride. From the exciting start of not knowing what is ahead, to the 

many ups and downs, the round and round in circles, and of course the enormous relief of 

the end. Thank you to all that have experienced and endured the ride with me! 

Firstly I would like to acknowledge Meat and Wool New Zealand for funding the work 

completed in this thesis, and the National Research for Growth and Development and 

Massey University for funding my personal scholarships. None of this would have been 

possible without your financial support. Thank you for giving me this opportunity. 

I would like to thank my four supervisors, Paul Kenyon, Kevin Stafford, Steve Morris, and 

Patrick Morel. Thank you for your support in the planning, analysing and writing of this 

PhD. Thank you Paul for continually checking that I was on the right track, even after I up 

and left for a job in Dunedin. Thank you also for receiving all of my horrible first drafts and 

having the patience to teach me to structure my thoughts. Thank you Kevin for taking the 

time to sit with me and talk about the various ideas that circled in my head. Thank you also 

for teaching me not to worry about the small things and how to tighten up my writing. 

Thank you Steve for always noticing the small details and helping me polish the last drafts 

of my chapters, and thank you Patrick, for always having an open door and having the 

patience to explain various statistical methods to me.  

I would like to acknowledge the technical support of Dean Burnham, Geoff Purchas, Kim 

Dowson, Graeme Poole, Ross Bagley, the many kiwi and international students, and my 

supervisors, who gave me a hand in the rain, wind and sun, and during the day, late night 

and early morning. I could not have completed the type of field trials carried out in this 

thesis with out your help! 

To the ‘Mafia’ in 3.06, thank you Kathryn, Danni, Rene, Bec, Gina, Jeremy, Kavitha, 

Nicola, Francisco, Rajesh and Fraser for your support throughout this thesis. Being 



viii | P a g e  

surrounded by all of you was a tremendous experience and a great help. Thank you for 

always being there when I needed a question answered, needed your help in the field or 

needed your opinion on a theory. You are all such amazing talented people and I thank you 

for making the university such a fun environment to work in.  

I would also like to express my appreciation to AbacusBio Limited. Thank you for allowing 

me to take some time off work to finish on my thesis during my first year of employment. It 

was a huge help to have some solid time to work on my last chapters. Thank you also to 

Neville Jopson for taking the time to be a sounding board for any last minute queries.  

On a personal front I would like to thank the following; 

To my Palmerston North family of Matt, Kathryn, Gordy, Simon, Amber, Rene, Dave, 

Danni, Kathy, Stove, Phil, Hamish, Gina, Georgia, Jen, Jimmy, Sue and Chris, I would just 

like to say thank you for being you. Having some laughter, craziness and normality away 

from my thesis kept me sane at times when I did not feel sane. You all rock! 

To Mum, Dad, Mark, Amy and Liam thank you for your unbelievable support. Thank you 

for asking and knowing when not to ask on how it is all going. Thank you for your patience 

and understanding when I was unable to be around and thank you for just being there. You 

are the solid rock that never crumbles and I thank and love you for that.  

To Andrew James Wall, who would have thought that I would now be in love with the man 

that helped me move my sheep and make temporary fences. There are no words on how 

much your love and support has meant to me over the past three years. Thank you for being 

open to the big move down south and being patient and understanding while I have spent 

my weekends working. Thank you for encouraging me when I needed encouragement and 

distracting me when I needed distraction. Thank you for being you! I love your way! 



ix | P a g e  

TABLE OF CONTENTS 

ABSTRACT ..................................................................................................................................... III 

ACKNOWLEDGEMENTS ..........................................................................................................VII 

TABLE OF CONTENTS ............................................................................................................... IX 

LIST OF TABLES .......................................................................................................................... XI 

LIST OF FIGURES ....................................................................................................................... XV 

INTRODUCTION ..............................................................................................................................1 

CHAPTER 1 .......................................................................................................................................5 

Literature Review 

CHAPTER 2 .....................................................................................................................................27 

Are triplet-born lambs different from single- and twin-born lambs from birth to 24 hour of age? 

CHAPTER 3 .....................................................................................................................................45 

The effect of offering concentrate supplement from pregnancy day 100 until pregnancy day 145 

on twin- and triplet-bearing ewe and lamb performance 

CHAPTER 4 .....................................................................................................................................67 

The effect of offering concentrate supplement to twin- and triplet-bearing ewes grazing a 6 cm 

pasture sward height on lamb birth weight, heat production and postnatal growth. 

CHAPTER 5 .....................................................................................................................................91 

Can maternal iodine supplementation improve twin- and triplet-born lamb plasma thyroid 

hormone concentrations and thermoregulation capabilities in the first 24 to 36 hours of life? 

CHAPTER 6 ...................................................................................................................................115 

Does the physiological status of lambs within a twin- and triplet-born litter differ during the first 

24 hours of life? 

CHAPTER 7 ...................................................................................................................................131 

Do twin- and triplet-born lambs within a litter produce different amounts of heat during severe 

cold stress? 

CHAPTER 8 ...................................................................................................................................147 

Physical and physiological factors associated with twin- and triplet-born lamb thermoregulation 

at 24 to 36 hours of age 



x | P a g e  

DISCUSSION ................................................................................................................................. 165 

REFERENCES .............................................................................................................................. 181 



xi | P a g e  

LIST OF TABLES 

Table 1 The effect of offering concentrate with a restricted or un-restricted pasture-based diets in an 

indoor environment on ewe liveweight, ewe body condition, lamb birth weight, colostrum 

production, lamb growth and lamb survival. .............................................................................20 

Table 2 The effect of offering concentrate with a restricted or un-restricted pasture-based diets in an 

outdoor pasture grazing environment on ewe liveweight, ewe body condition, lamb birth 

weight, colostrum production, lamb growth and lamb survival. ...............................................21 

Table 3 The effect of litter size (Single, Twin, Triplet) on ewe plasma glucose (mmol l-1), non-

esterified-fatty acids (mmol l-1) and beta-hydroxybutyrate (mmol l-1) concentrations at 

pregnancy day 141 ....................................................................................................................34 

Table 4 The effect of litter size (Single, Twin. Triplet) on ewe plasma progesterone concentrations 

(ng ml-1) at pregnancy day 141 and at three and six hours after the birth .................................35 

Table 5 The effect of lamb birth rank (Single, Twin, Triplet) on gestation length (day), birth weight 

(kg), crown-rump length (cm) and thoracic-girth circumference (cm). ....................................36 

Table 6 The effect of birth rank (Single, Twin, Triplet) on plasma glucose (mmol l-1), fructose 

(mmol l-1), lactate (mmol l-1), thyroxine (T4; nmol l-1), tri-iodothyronine (T3; nmol l-1), T3:T4 

ratio and cortisol concentrations (mmol l-1) within five minutes of birth. ................................37 

Table 7 The effect of lamb birth rank (Single, Twin, Triplet) on plasma gamma-glutamyl-

transferase concentrations (I U l-1) directly after birth to 24 hours of age (median (interquartile 

range)). ......................................................................................................................................40 

Table 8 The effect of offering concentrate (Non-concentrate, Concentrate) and litter size (Twin, 

Triplet) on ewe live weight (kg) at pregnancy day 102, 116 and 140 and on liveweight gain 

(kg day-1) between pregnancy day 102 and 140 ........................................................................55 

Table 9 The effect of offering concentrate (Non-concentrate, Concentrate) and litter size (Twin, 

Triplet) on ewe plasma non-esterified fatty acid (mmoll-1) concentrations at pregnancy day 

102, 116, 130 and 140 ...............................................................................................................56 

Table 10 The effect of offering concentrate (Non-concentrate, Concentrate) and litter size (Twin, 

Triplet) on ewe plasma beta-hydroxybutyrate (mmol l-1) concentrations at pregnancy day 102, 

116, 130 and 140 .......................................................................................................................57 

Table 11 The effect of offering concentrate (Non-concentrate, Concentrate) and lamb birth rank 

(Twin, Triplet) on lamb birth weight (kg), surface-area-to-birth-weight ratio (cm2 kg-1), crown-

rump length (cm) and thoracic-girth circumference (cm) .........................................................58 



xii | P a g e  

Table 12 The effect of offering concentrate (Non-concentrate, Concentrate) and lamb rearing rank 

(Twin-born reared as single or twin vs. triplet-born reared as a twin or triplet) on lamb live 

weight (kg) at lactation day 29 (L29) and 52 (L52), and on liveweight gain (kg day-1) from 

birth until L29, birth until L52 and L29 to L52. ....................................................................... 60 

Table 13 The effect of offering concentrate (Non concentrate, Concentrate) and lamb birth rank 

(Twin, Triplet) on lamb plasma thyroid hormones (nmol l-1) at 24-36 hours after birth .......... 61 

Table 14 The effect of offering concentrate (Non concentrate, Concentrate) and lamb birth rank 

(Twin, Triplet) on lamb survival from birth until lactation day 52 (L52;%) and total weight of 

lamb produced per ewe (kg ewe-1) at L52. ................................................................................ 62 

Table 15 The effect of offering concentrate supplement (Non-concentrate, Concentrate) and litter 

size (Twin, Triplet) on ewe live weight (kg) and body condition score (1-5 scale) at pregnancy 

day 100 and 140 ........................................................................................................................ 78 

Table 16  The effect of offering concentrate supplement (Non-concentrate, Concentrate) and birth 

rank (Twin,Triplet) on lamb birth weight (kg), surface-area-to-birth-weight ratio (cm2 kg-1), 

crown–rump length (cm) and thoracic-girth circumference (cm) ............................................. 79 

Table 17 The effect of offering concentrate supplement (Non-concentrate, Concentrate) and birth 

rank (Twin, Triplet) on lamb plasma gamma-glutamyl-transferase (IU l-1) and glucose (mmol 

l-1) concentration at 24–36 h of age .......................................................................................... 80 

Table 18 The effect of offering concentrate supplement (Non-concentrate, Concentrate) and birth 

rank (Twin, Triplet) on the base heat production (W and W kg-1), maximum heat production 

(W and W kg-1) and the rate to reach maximum heat production (W kg-1min-1) ...................... 83 

Table 19 The effect of offering concentrate supplement (Non concentrate, Concentrate) and birth 

rank (Twin, Triplet) on lamb plasma glucose concentrations immediately before calorimetry 

(mmol l-1), immediately after calorimetry (mmol l-1) and on the change in plasma glucose 

concentrations from before until after calorimetry (mmol l-1)) ................................................. 86 

Table 20 The effect of iodine supplementation (Non-supplemented, Supplemented) and lamb birth 

rank (Twin, Triplet) on lamb birth weight (kg), crown-rump length (cm) and thoracic-girth-

circumference (cm) ................................................................................................................. 102 

Table 21 The effect of iodine supplementation (Non supplemented, Supplemented) and birth rank 

(Twin, Triplet) on lamb rectal temperature within five minutes of birth (ºC), and at one, three, 

six and 12 hour of age. ............................................................................................................ 103 

Table 22 The effect of iodine supplementation (Non-supplemented, Supplemented) and lamb birth 

rank (Twin, Triplet) on lamb plasma glucose (mmol l-1), gamma-glutamyl-transferase (IU l-1) 

and immuno-globulin G (mg ml-1) concentrations at 24 to 36 hours of age. .......................... 105 



xiii | P a g e  

Table 23 The effect of iodine supplementation (Non-supplemented, Supplemented) and birth rank 

(Twin, Triplet) on lamb base heat production (W and W kg-1), maximum heat production (W 

and W kg-1) and the rate to reach maximum heat production at 24 to 36 hours of age (W kg-

1min-1). .....................................................................................................................................110 

Table 24 Correlations between lamb birth weight, thyroid hormones, plasma metabolites and 

maximum heat production on a per lamb (W lamb-1) and per kg of birth weight basis (W kg-1).

 .................................................................................................................................................112 

Table 25 The effect of birth rank (Twin, Triplet), and relative live weight within a litter (Twin 

Heavy, Twin Light, Triplet Heavy, Triplet Medium, Triplet Light) on lamb birth weight (kg), 

surface-area-to-birth weight ratio (cm2 kg-1), crown-rump length (cm) and thoracic-girth 

circumference (cm). ................................................................................................................123 

Table 26 The effect of birth rank (Twin, Triplet) and relative live weight within a litter (Twin 

Heavy, Twin Light, Triplet Heavy, Triplet Medium, Triplet Light) on lamb plasma glucose 

(mmol l-1), fructose (mmol l-1), lactate (mmol l-1), thyroxine (nmol l-1) and tri-iodothyronine 

(nmol l-1) concentrations within five minutes of birth. ............................................................125 

Table 27 The effect of birth rank (Twin, Triplet) and relative live weight within a litter (Twin-

Heavy, Twin-Light. Triplet-Heavy, Triplet-Medium, Triplet Light) on lamb rectal temperature 

within five minutes of birth (°C), one, three and 12 hours of age (Median (Lower confidence 

interval – Upper confidence interval). .....................................................................................126 

Table 28 The effect of birth rank (Twin, Triplet) and relative size within litter (Twin Heavy, Twin 

Light, Triplet Heavy, Triplet Medium, Triplet Light) on lamb birth weight (kg), surface-area-

to-birth-weight ratio (cm2 kg-1), crown-rump length (cm) and thoracic-girth-circumference 

(cm) .........................................................................................................................................140 

Table 29 The effect of birth rank (Twin, Triplet) and relative size within litter (Twin-Heavy, Twin-

Light, Triplet-Heavy, Triplet-Medium, Triplet-Light) on lamb base heat production (W lamb-

1), base heat production on a per kg of birth weight basis (W kg-1), maximum heat production 

(W lamb-1), maximum heat production on a per kg of birth weight basis (W kg-1), and rate to 

reach maximum heat production (W kg-1min-1). .....................................................................142 

Table 30 Univariate analysis of the physical and physiological factors which had an effect on 

maximum heat production on a per lamb basis (W lamb-1) at 24 to 36 hours of age. .............155 

Table 31 Multivariate analysis of the physical and physiological factors which effect maximum 

heat production on a per lamb basis (W lamb-1) at 24 to 36 hours of age. ..............................156 



xiv | P a g e  

Table 32 Univariate analysis of the physical and physiological factors which had an effect on 

maximum heat production on a per kg of birth weight basis (W kg-1) at 24 to 36 hours of age.

 ................................................................................................................................................ 157 

Table 33 Multivariate analysis of the physical and physiological factors which effect  maximum 

heat production on a per kg of birth weight basis (W kg-1) at 24 to 36 hours of age. ............. 157 

Table 34 Unadjusted odds ratios and 95% confidence intervals for twin- and triplet-born lamb 

physical and physiological factors at birth and at three hours of age which were associated 

with the likelihood of maintaining their body temperature during a cold stress event. .......... 158 

Table 35 Multivariate logistic regression analysis of twin- and triplet-born lamb physical and 

physiological factors which are associated with maintaining body temperature during a cold 

stress event. ............................................................................................................................. 159 

Table 36 Correlations of lamb birth weight, plasma metabolites and hormones within 5 minutes of 

birth, 3and 24 hours of age ..................................................................................................... 160 



xv | P a g e  

LIST OF FIGURES 

Figure 1 The effect of environmental temperature on the metabolic rate and core body temperature 

of the lamb. ................................................................................................................................15 

Figure 2 The effect of lamb birth rank (single, twin and triplet) on plasma glucose concentration 

(mmol l-1) directly after birth until 24 hours of age ...................................................................38 

Figure 3 The effect of lamb birth rank (single, twin and triplet) on rectal temperature (ºC) within 

five minutes of birth to 24 hours of age ....................................................................................39 

Figure 4 The association between twin- and triplet- lamb birth weight (kg) and maximum heat 

production (W) after adjustment for ewe nutritional treatment (Non-concentrate, Concentrate) 

and initial rectal temperature (°C) before the onset of severe cold stress. ................................84 

Figure 5 The association between twin- and triplet- lamb birth weight (kg) and maximum heat 

production on a per kg of birth weight basis (W kg -1) after adjustment for ewe nutritional 

treatment (Non-Concentrate, Concentrate) and initial rectal temperature before the onset of 

severe cold stress (°C). ..............................................................................................................85 

Figure 6 The effect of maternal iodine supplementation (Non-supplemented, Supplemented) on 

ewe plasma iodine concentrations (µg L1) on pregnancy day 68, 120 and 141. .....................100 

Figure 7 The effect of litter size (Twin, Triplet) on ewe plasma iodine concentrations (µg L-1) on 

pregnancy day 68, 120 and 141. ..............................................................................................101 

Figure 8 The effect of iodine supplementation (Non-supplemented, Supplemented) on lamb plasma 

thyroxine (T4; nmol l-1) and tri-iodothyronine (T3; nmol l-1) concentrations within five minutes 

of birth, at three hours and 24 to 36 hours of age ....................................................................106 

Figure 9 The effect of lamb birth rank (Twin, Triplet) on lamb plasma thyroxine (T4) and plasma 

tri-iodothyronine (T3) concentrations within five minutes of birth (nmol l-1), and at three hours 

and 24 to 36 hours of age. .......................................................................................................108 

Figure 10 The endocrine regulation of fetal adipose tissue maturation in preparation for life after 

birth. ........................................................................................................................................178 

 


