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Abstract 
Meri nos are bred primari ly for wool  production, valued specifica l ly for the fine-wool they 

produ ce. Wool returns have been d imin ish ing over recent years so using management 

to improve wool q uantity and qual ity is beneficial to g rowers. Shearing ewes at d ifferent 

stages of pregnancy has been shown to potential ly influence the fo l l i cle popu lation 

which in turn could achieve a finer, heavier fleece in the offspri ng ,  a lthough th is has not 

been examined in Merinos. A consequence of the d imin ishing wool returns is a g reater 

emphasis on meat production , result ing in  a sh ift in focus to increase l ive weight and 

body cond ition in order to increase reproductive performance and produce heavy 

lambs for sale. The whole Merino wool market is also currently threatened by the 

perception of overseas purchasers towards the practice of mu lesing . Mulesing is  

undertaken in approximately half of New Zealand 's Merino lambs as a means of 

red u cing blowfly strike . 

There are few data avai lable under New Zealand cond itions for these pre-mentioned 

management factors that influence Merino prod uction .  Therefore ,  the a im of this thesis 

was to profi le the l ive weight and body cond ition of s ingle- and twin-bearing Merino 

ewes;  investigate the effect of shearing time of Merino ewes on the l ive weight, fleece 

characteristics and the fol l icle popu lation in the i r  progeny; and to investigate the effect 

of mu lesing Merino lambs on thei r  l ive weight, dag score and fleece characteristics . 

Two hundred and n inety n ine Merino ewes were bred to 4 matu re Merino rams on day 

0 of the experiment (dO;  May 20, 2006).  P regnant ewes were then a l located to one of 

th ree shearing times; mid-pregnancy (d 1 06) ,  late-pregnancy (d 1 4 1 ) and post- lambing 

(d 1 91 ) .  Ewes were weighed and cond ition scored on dO,  d79, d 1 06, d 1 41 , d 1 9 1  and 

d283 of the expe riment. 

The ewes produced 1 28 ewe-lambs which were used for subsequent measurements. 

Ewe-lambs were identified using DNA parentage testing to the i r  dam's materna l  

shea ring treatment. Ewe-lambs were weighed on d 1 91 (approximately 6 weeks of  age) 

and weighed and dag scored on d 1 9 1  (approximately 6 weeks of age), d283 

(approximately 4 months of age) ,  d 359 (approximate ly 7 months of age) and d499 

(approximate ly 1 year of age ).  Ewe-lambs were wrinkle scored on d 1 91 . On d 1 9 1 , 60 

ewe-lambs were mu lesed; the remain ing 67 were left u n-mu lesed . A skin biopsy was 

taken from the mid-side of the lamb at d359 and analysed for primary and secondary 

fol l icle  density. Two mid-side wool samples were taken from the lambs; one at d359 
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(approximately 7 months of age) and one at d499 (approximately 1 year  of age) .  The 

f irst of these samples was analysed for wash ing yield ,  colour  and fibre d iameter. The 

second mid-side was analysed for fleece class, staple length and staple strength 

respective ly. At d499 fleece weight was measured before the mid-side sample was 

taken . 

Twin-bearing ewes were heavier (P<0.05) than sing le-bearing ewes from dO (start of 

b reed ing)  through to d79 (pregnancy d iagnosis). They were a lso heavier (P<0.05 ) 

fo l lowing this period . However, th is is most l ikely d ue to the weight of the ir  foetuses. 

Body condition score of twin-bearing ewes decreased fo l lowing lambing unti l  d191 

(ta i l ing)  but recovered by d283 (weaning) .  Single-bearing ewes were more l ikely 

(P<0.05 ) to be rearing a lamb at d 191. S ing le-born lambs were heavier  (P<0.05 ) at 

d 191 and d283, had heavier fleeces and had a h igher primary fo l l icle number index 

than the i r  twin-born counterparts. 

Shearing time of Merino ewes had no effect on lamb l ive weight at any stage of the 

experiment. lt also had no effect on ewe l ive weight apart from in  late-pregnancy where 

the mid-pregnancy shorn ewes were heavier (P<0.05) than late-pregnancy shorn and 

post-lambing shorn ewes. Shearing ewes in mid-pregnancy had no effect on the fleece 

characteristics of the ir  lambs. The progeny of lambs born to ewes shorn post- lambing 

had a s ign ificantly greater fo l l icle density, secondary fo l l icle density, fol l icle number 

index and secondary fol l i cle number index than their mid- and late-pregnancy shorn 

counterparts. 

Mu lesing Merino lambs had no effect on their  growth , l ive weight or fleece 

characteristics. lt resulted in a red uction in dags at d359 and d588 which is l ikely to 

red uce susceptib i l ity to b lowfly strike. The purpose of mu lesing is to reduce wrinkles 

a round the breech , and in  th is study, the more wrinkles a lamb had at d 1 91 the g reater 

the secondary to primary fol l icle rat io ,  total fol l icle density, secondary fo l l icle density, 

secondary fo l l icle number  index, primary fol l icle number index, total fo l l icle number 

index, and fleece weight. This suggests a productive advantage to sheep with more 

wrinkles; however, they also had more dags and therefore were at g reater risk of 

b lowfly strike than the less wrinkly lambs. 

I n  conclusion ,  shearing ewes post lambing increased the secondary fol l icle density of 

the ewe progeny but had no affect on fleece characteristics. In contrast to experiments 

with other breeds, shearing Merino ewes in mid-pregnancy compared with post­

lamb ing had no effect on fleece or fol l icle characteristics. There is a n  opportunity for 
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future work investigating the mechanisms beh ind the response of lambs to shearing 

their ewe post- lambing . The resu lts suggest that maintaining high ewe l ive weight and 

body cond ition score throughout pregnancy wi l l  resu lt in more lambs reared to at  least 

ta i l ing ,  and heavier lambs at weaning .  Further  work is required to examine the potential 

benefits of d ifferential management of sing le and twin-bearing/rearing ewes. Mulesing 

lambs reduces dag score, and hence is l ikely to reduce flystrike rates but had no effect 

on l ive weight, or fleece characteristics. Alternatives to the practice of mu lesing that 

g ive equal protection , compared to mulesing,  against blowfly strike need to be found . 
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The Reasons 

lt is not fame or fortune 

That makes men muster sheep, 

On b roke n ,  rugged h i l lsides 

And ranges rough and steep. 

lt is not love of comfort 

Or the working of short hours, 

That makes them tread the mounta ins 

'Mid the pure ,  fresh a lpi ne flowers . 

it's the frosty early morn ings 

As the dawn breaks clear and bright, 

And the mists rise from the va l leys 

As the day takes o'er from night. 

it's the c l imbing out with gang of mates 

To reach your beats on h igh ;  

The kea soaring on the wing 

In  the slowly l ighten ing sky. 

it's the feel you get when top is reached 

And the whole world 's stretched below, 

A maze of peaks and ridges 

Bright red in the sun rise g low. 

i t's the stirri ng sight of stringing sheep 

As they move for the days fi rst noise, 

But it never pays to take them cheap 

For they're ful l  of many ploys. 

i t's the p ride you feel when your head ing dog 

Hooks a mob a mi le away, 

Though he's cast on runn ing sh ingle 

And h is pads have bled a l l  day. 

it 's the satisfaction at day's end 

W hen the last sheep's through the gate, 

With weary tread you head to camp 

For the evening's gett ing late . 
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it's the smell of woodsmoke rising 

From the hut tucked in  the lee, 

Of the towering b luff bound massif, 

Clothed with bush and shingle scree . 

it's the swinging b i l ly boi l ing 

As the packy makes a brew, 

And the d ixie on the fireside 

Ful l of simmering mutton stew, 

it 's the old camp oven sitting 

In  the embers g lowing red ,  

And the smells that issue from it 

From the slowly ris ing bread . 

it's the yarn ing in the sacking bunks 

And the smel l  of candle wax, 

The ro l l ing of the day's last smoke 

The whinn ies from the hacks.  

The hobble chains a re c l inking 

As they head down to the creek, 

And the morepork in  the b i rch trees 

Tells the world it's t ime to sleep 

By Jim Morris 

ForGordy 

vi i  



Table of Contents 
Abstract ............................................................................................................... ii 

Acknowledgements ............................................................................................. v 

The Reasons ...................................................................................................... vi 

Table of Contents .............................................................................................. viii 

List of Tables and Figures ................................................................................... x 

List of Abbreviations .......................................................................................... xii 

Chapter 1 . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .... . . . . . . . .. . . . . . . . . . . . . . . . . . . .  1 

General Introduction and Objectives . . . . . . . . . . . . . . . . . ...... . . .. . . . . . . . . . . .. . . ... . . . . . . . . . . . . . . . . . . . . . . .  1 
• 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
The influence of the wool follicle population on fibre diameter and fleece weight.. . . . . . . . . . . . . . .  4 
The effect of shearing during pregnancy on productive outputs, wool characteristics and the 

follicle population of their progeny . . . . . . . .. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Live weight and condition score of ewes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Relationship to wool production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

The effect on ewe reproductive performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Effects on progeny performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Mulesing Merino lambs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Summary and experimental objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

Chapter 2 . . . . . . . . . . . . . . . . . ...... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . ... . . . . .. . .. . . . . . . . . . . . . . . . . . .  16 
The effect of shearing time of Merino ewes on their progeny . . . . . . . . ... . . ... . . . . . . . . . . . . 16 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Animals and treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
Dams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

Lambs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

Timeline of measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .  19 
Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

Dams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

Lambs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

Laboratory methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .  21 
Statistical analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Discussion . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

Chapter 3 .......................................................................................................... 32 

Live weight and body condition score of Merino ewes . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 

Introduction . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . . ..... . . . . .  33 

vi i i  



Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
Animals and treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
Timeline of measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
Statistical analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

Chapter 4 .......................................................................................................... 41 
The effect of  mulesing Merino lambs on productive outputs . . . . . . . . . . . . . . .. . . . .. . . . . . .. .41 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 
Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

• 
Animals and treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

Lambs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
Ewes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

Lambs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

Laboratory methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .44 
Statistical analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
Liveweight gain and live weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 

Dag and Wrinkle Score . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .46 

Fleece characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .47 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Chapter 5 .......................................................................................................... 50 

Industry implications and recommendations ..................................................... 50 

Time of shearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 
Ewe live weight and body condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
Mulesing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

References ........................................................................................................ 53 

ix 



• 

List of Tables and Figures 
FIGU RE 1 . 1 The 'super-wrinkly' Vermont Merino,  introduced to Austra l ia in the 
late 1 91h Century (source: unknown). 

FIG U RE 2.1 Merino lambs at ta i l ing (d 1 92) with subjective wrinkle scores from 
2 (sl ightly r ibby skin )  to 5 ( large n u mber of p rominent ribs) .  

FIGURE 2 . 2  The scale used to measure dag score using a visual assessment 
with a score of 0 having no dags and a score of 5 being heavy dags 
(Larsen et al. 1 994 ) . 

FIGURE 2.3 The l ive weight profi le using least squares means and standard 
errors of the means of mid-pregnancy shorn ,  late-pregnancy shorn and post­
lambing shorn Merino ewes. 

FIG U RE 2.4 The l ive weight profi le using least squares means and standard 
errors of the means at ta i l ing (d 1 9 1 ), weaning (d283) , b iopsy (d359) and 
shearing (d488) of Merino lambs whose dams were mid-pregnancy shorn late­
p regnancy shorn and post-lambing shorn . 

FIGURE 2 . 5  The l ive weight profi le using least squares means and standard 
errors of the means at ta i l ing (d 1 9 1 ) , weaning (d283), b iopsy (d359) and 
shearing (d488) of sing le- and twin-born Merino lambs. 

TABLE 2 . 1  Timeline of measurements on Merino ewe lambs th roughout the 
experiment including day of experiment, date of measurement, approximate 
age of the lamb at the time point and a description of what was measured at 
this time. 

TABLE 2.2 Subjective description of each fleece l ine based on a visual 
appraisal by a professional  wool classer of fib re d iameter, staple length and 
other characteristics. 

TABLE 2.3 The effect of shearing treatment ,  wrinkle score and p regnancy rank  
on the secondary to p rimary fol l icle ratio (S: P ), tota l fo l l icle density, pr imary 
fo l l icle density (P0density) ,  secondary fol l icle density (S odensity ) ,  total fol l icle 
number index (TFN I ) ,  primary fo l l icle n u mber index (P'FN I )  and secondary 
fol l i cle number  index (S'FN I ) .  Values are least square s mean s  a nd standard 
e rrors of the means at d360 (approximately 7 -month-old ) Merino ewe lambs.  

TABLE 2 .4 Least squares means and standard error of the mean of fleece 
weight at d499 (approximately 1 year of age) for each wrinkle score class. 

TABLE 2.5 The effect of shearing treatment and pregnancy ran k  of Merino ewe 
lambs on :  fibre d iameter, co lour and yield on d360 (approximately 7 -months­
o ld) ;  and fleece weight, staple length ,  staple strength and fleece l ine on d499 
(approximately 1 -year-old ) .  Values a re least squares means and standard 
e rrors of the means. 

FIGURE 3.1 L ive weight and body cond ition score (BCS) p rofi les of Merino 
ewes throughout one reproductive cycle with measu rements at dO (breed ing) ,  
d79 (pregnancy d iagnosis), d 1 06 (mid-pregnancy), d 1 4 1  (late-pregnancy) , d 1 92 
(ta i l ing)  and d283 (weaning ) for sing le- (n= 1 83, 1 81 ,  1 8 1 , 1 83,  1 75 and 1 44 

X 



• 

respective ly) a nd twin-bearing ewes (n=85,  85, 85,  84 , 74 and 53 respective ly) 
using least squares means and standard errors of the means. 

TABLE 3.1 Time l ine of measurements on Merino ewes throughout the 
experiment inc lud ing day of experiment ,  date of measurement and a description 
of measurement 

TABLE 3.2 Means and standard errors for l ive weight and body cond ition score 
of ewes at dO (breed ing ) and d79 (pregnancy d iagnosis) for ewes d iagnosed as 
pregnant and those that were not pregnant at d79.  

TABLE 3.3 Probabi l ity of a ewe that was d iagnosed pregnant at d79 lactating at 
ta i l ing (d 1 9 1 ) : Regression coefficients, standard errors , odds  ratios, 95% 
confidence i ntervals for the odds ratios, and probabil ity levels from log ist ic 
regression of l ive weight at mid-pregnancy (d1 06 ) ,  l ive weight at lamb ta i l i ng 
and pregnancy rank of Merino ewes (n=235) .  

TABLE 3 .4 Regression coefficients of ewe l ive weight a t  pregnancy d iagnosis 
(PO; d79) and mid-pregnancy (d 1 06) and level of sign ificance .  

FIGURE 4 . 1  The l ive weight profile using least squares means and  standard 
errors of the means at ta i l ing (d 1 9 1 ) , wean ing (d283), b iopsy (d359) and 
shearing (d488)  of Merino lambs that were mulesed or non-mu lesed.  

FIGURE 4.2 The effect of mu lesing on dag score for mulesed and non­
mu lesed Merino ewe lambs at weaning (d283), 7 months of age (d359) ,  
shearing (d499)  and crutch ing (d588) (n=1 1 9) using least squares means and 
standard errors of the means. 

TABLE 4.1 The effect of mu lesing Mer ino ewe lambs on the yield,  fibre 
d iameter and colour of fleece wool at d360. 

TABLE 4.2 The effect of mu lesing Merino ewe lambs at their first shearing 
(d499) on staple length , stap le strength , fleece weight and fleece l ine . 

xi 



c 

List of Abbreviations 

Abbreviations 
kg 

llm 
N/kt 
BCS 
PO 
S:P 
so 
po 
TFN I 
S'FN I 
P'FN I  
cvMFD 

ki logram 
micrometres 
Newtons per ki lotex 
body cond ition score 
pregnancy d iag nosis 
secondary to primary fo l l i cle ratio 
secondary fo l l icle 
primary fo l l icle 
total fol l ic le number index 
secondary fol l icle number index 
primary fo l l icle number index 
coefficient of variation of mean fibre d iameter 

Statistical terms 
* 

** 

*** 

NS 

S ign ificant at P<O .OS 
Sign ificant at P<0 .01 
S ign ificant at  P<0.001 
Non-signif icant P>0.05 

x i i  



• 

Chapter 1 

General Introduction and Objectives 

1 



• 

Introduction 

Merino sheep were introduced to New Zealand in 1 834 as a s low-maturing ,  special ist 

wool breed , provid ing the raw materia l  for q ual ity woollen and worsted fabrics (Wolfe 

2006) .  Historica l ly ,  the focus of Merino farmers has been largely on wool traits, which 

a re sti l l  the most sign ificant determinant of their  profitabi l ity. In recent years there has 

been a greater emphasis on meat production through cross-breeding and the use of 

terminal  sires due to lower prices pa id for wool , and higher lamb prices. In  add it ion, 

Merino wool markets are threatened by the conti nued practice of mu lesing . This study 

examined how th ree management tools cou ld be used to influence the productivity of a 

Merino system. 

Wool fibre d iameter is  the dominant influence over fi ne wool prices (Wul ij i  et al. 1 998) .  

The chal lenge for Merino farmers is to decrease mean fi bre d iameter whi le increas ing , 

or at least mainta in ing , fleece weight ( influencing the value of the cl ip ) . Manipu lation of 

the fol l icle popu lation can a lter the fibre d iameter and fleece weight. Shearing 

crossbred ewes d u ring pregnancy has been shown to a lter the fo l l icle popu lation during 

its d evelopment in  utero and therefore may be a usefu l management techn ique to 

i mprove the value of wool (Revel l  et al. 2002) .  To date, this has not been investigated 

in Merinos. 

I n  recent years , income from meat has provided an increasing contribution to 

p rofitabi l ity of Merino farms (Scales et al. 2000) .  Merinos have a low average 

reproductive rate, associated with the i r  lower l iveweight gain compared to some British 

breeds and crossbreeds (Young et al. 1 965; Dol l ing and N icolson 1 967;  Hocking 

Edwards and Starbuck 2006) .  In  addition , genotypes with h igh wool prod uction can 

have lower reprodu ctive performance (Safari et al. 2005).  Combined , these factors 

restrict the number and qua l ity of progeny that are ava ilable for sa le (Kieemann et al. 

2006) .  Ewe l ive weight and body cond ition score th roughout pregnancy are important 

factors in determin ing reproductive performance and lamb l ive weight during the f irst 4-

6 months of l ife (Ha l l  et al. 1 995; Kleemann and Walker 2005) .  Knowledge of l ive 

weight and cond ition score and its effect on reproductive performance cou ld  improve 

the p rofitabi l ity of the system. 

A potential th reat to futu re p rofitabi l ity of Merino farming systems is the increasingly 

negative reaction of markets towards the mulesing of Merino lambs. Mulesing is the 

p ract ice of removing stri ps of skin from the b reech a rea of lambs at ta i l ing to remove 

wrinkles and minimise the risk of flystrike . There a re sign ificant welfare issues 
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associated with the practice (Rothwel l  et al. 2007) ,  which is causing consumer-driven 

p ressure from the markets to cease the practice . Mulesing potentia l ly resu lts in a 

decrease in  p roduction wh ich may be g reater than the cost of flystrike at any point i n  an 

an imal 's l ifetime as shown by Rose et al. ( 1 972 ).  The costs associated with the 

p revention and treatment of flystrike may therefore be offset by the potential cost of lost 

p roduction that may arise from mu lesing.  I nformation is requ i red to investigate whether 

mu lesing has any effects on produ ction besides flystrike contro l .  

Both genetic and management approaches wi l l  be usefu l i n  add ressing the three 

issues described above. This review wi l l  outl ine cu rrent knowledge on reducing fibre 

d iameter and increasing fleece weight. Using this information, it wi l l  d iscuss the effect 

of the sheari ng time of ewes on both the ewes and the performance of thei r  progeny 

and fol l icle characteristics. The influence of ewe l ive weight and body cond ition score 

on the reproductive outcomes wi l l  be examined briefly. Lastly, knowledge about the 

effect of mu lesing lambs on lamb g rowth and wool p roduction wi l l  be covered . 
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The influence of the wool fol l icle popu lation on fibre d iameter and fleece weight 

The fol l icle popu lation is  related to fleece characteristics responsible for determining 

the end-product from raw wool (e .g .  fib re d iameter, staple length , stap le strength , fibre 

d iameter variation, wool co lour, crimp d efin ition a nd crimp frequency) (Cold itz et al. 

2005).  Therefore, in  order to manipu late the raw wool ,  an understand ing of the 

relationship between fol l icles and wool characteristics is important. 

The density of fibre-producing fol l icles with in  the skin is  re lated positively to clean 

fleece weight and re lated negatively to f ibre d iameter (Nancarrow et al. 1 998;  Scobie 

and Young 2000). These two characteristics d rive the p rofitab i l ity of the wool industry 

(Coel l i  and Atkins 1 995) .  Therefore, in order  to maximise profitab i l ity, maximis ing the 

number of fol l icles which form in the skin is important in mainta in ing the fibre-producing 

capacity of the animal throughout its l ifet ime (Toland Thompson et al. 2007) .  

The fi rst stage in fol l icle development is  the prol iferation of epidermal ce l ls to form a 

p lacode beneath which an aggregation of dermal  cells occurs and the two cel l  

formations g row down together into the dermis. Progressive ly the dermal cel ls move 

into the epithel ial bud to form the pre-papi l la  and fina l ly the epithe l ia l  bu lb  ce l ls envelop 

the pre-papi l la as the fol l icle lengthens and descends into the dermis .  The first fo l l icles 

formed are the pr imary fol l icles fo l lowed by the secondary fo l l i cles and then the 

secondary-derived fol l icles that branch from the secondary fol l icles (Rogers 2006) .  In  

Merinos the bu lk  of the fleece is made u p  of  secondary derived fol l icles (Rogers 2006). 

The positioning and size of the primary fol l icles is  d etermined as early as day 40 in the 

foetus (Hocking Edwards et al. 1 996;  Kel ly  et al. 1 996) as a trio pattern characterized 

by a centra l p rimary and two latera l p rimaries (Rogers 2006) .  The positioning and size 

of the primary fo l l icles determine the subsequent position ing and size of the secondary 

fol l icles (Kel ly et al. 1 996). The majority of primary fo l l icles a re p roducing fib res by day 

1 1 1  of gestation (Hocking Edwards et al. 1 996). Secondary fol l icles begin to appear at 

approximately 70 days of gestation (Hocking Edwards  et al. 1 996) in  association with 

the p rimaries and together they form a d ist ingu ishable cluster in the skin . By day 1 05 

secondary d erived fo l l icles begin  to appear as branches from the secondary fol l icles 

(Hocking Edwards et al. 1 996; Rogers 2006) .  Secondary fol l ic les continue d eveloping 

unt i l  approximately day 1 25 of gestation (Hocking Edwards  et al. 1 996). By b i rth , a l l  

secondary fol l icles a re present a lthough in the Merino on ly 1 6-33% of the secondary 

fol l icles a re producing a f ibre (Short 1 955 ;  Schinckel and Short 1 96 1 ; Hocking Edwards  

et al. 1 996;  Kel ly e t  al. 1 996).  Genetic controls operate to  instigate b ranch ing of  the 
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orig inal secondaries which occurs right up unti l  b i rth (Kel ly et al. 1 996) .  The extent to 

which fol l icle branch ing occurs is a significant determinant of fo l l icle  density,  ratio of 

n um be r  of secondary to number of primary fol l icles (S : P) ,  fibre d iameter, f ibre length , 

and clean fleece weight (Kelly et al. 1 996).  

In  many Merino wool-producing enterprises the objective is to produce fine, strong 

fibres of re lative ly u n iform d iameter, whi lst at the same time mainta in ing high clean 

fleece weights .  U nfortunately, there a re antagonisms between these objectives in  that 

changes in fibre length a re usual ly accompan ied by changes in  f ibre d iameter as 

shown by the genetic and phenotypic corre lations in  the report by Safari and Fogarty 

(2003) ranging from -0 .05 to 0.34 and 0 . 1 1 to 0 .29 for genet ic and phenotypic 

corre lations respectively. The combination of h igh fleece weight and fine fibre d iameter 

is o n ly atta ined in  sheep of high fo l l icle density such as Merinos (Meikle et al. 1 988).  

Wool quantity per u n it area of skin is closely related to the total volume of fol l ic le bu lb 

t issue in that area of skin (Hocking Edwards and Hynd 1 992; Hynd 1 995) .  Th is in turn 

depends on fol l icle density (tota l number of fol l icles per unit a rea of skin )  and the 

average volume of the fo l l icle bu lbs. In other  words,  large fol l icle bu lbs p roduce more 

fib re because they produce more mitotic ce l ls per u n it time than smal l  fo l l icle bu lbs 

(Hocking Edwards  and Hynd 1 992; Hynd 1 995) .  

The S:P ratio is deemed to be a re l iable index of variation in  the S fol l icle popu lation 

(Corbett 1 979). I n  the past d ifficu lties in accounting for variab i l ity in the a mount of 

shr inkage in a skin b iopsy, meant the S : P  was used because a greater density is 

associated with a g reater S:P (Scobie and Savi l le 2000). Total fo l l ic le density is  related 

to f ibre density (Scobie and Young 2000) and is a common ly used method of 

determining fo l l ic le population characteristics now that b iopsy shrinkage can be 

accurately determined . Selection for skin fol l icle density alone decreases fibre 

d ia meter, but a lso fleece weight, staple strength, coefficient of variation of fib re 

d ia meter and body weight (Fozi et al. 2007) .  The fol l icle number index g ives more 

favourable responses due to a strong genetic correlation between a composite of 

fol l icle density and skin surface area (Fozi et al. 2007). The p resent study used a l l  

th ree measurements to investigate fol l icle characteristics to get a clearer picture of the 

fo l l icle popu lation than j ust using one. 

lt is wel l-recogn ised that wool growth and quality are influenced by environmental 

conditions (Denney 1 990). In  add ition to that, environmental inf luences early in  l ife may 

restrict or enhance the abi l ity of the sheep to g row wool over its l ifetime (Denney 1 990).  
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Toland Thompson et al. (2007) p roposed that a reduction in  the fol l icle popu lation early 

in postnatal l ife is attributed to increased cortisol levels at th is t ime . Increased cortisol 

levels a lso have a detrimental effect on wool growth ( Ferguson et al. 1 965) .  If the 

fo l l icle popu lation cou ld be man ipu lated through management to increase the number 

of fol l icles th is  wou ld ach ieve the desired objective of wool farmers -to increase fleece 

weight, and decrease fibre d iameter. Environmental factors that are known to affect 

maternal  n utrition and therefore wool growth and qual ity , i nclude their season , shearing 

date , p regnancy ( includ ing pregnancy rank and lambing date) ,  lactation , dai ly feed 

intake ,  weather, breed, b i rth weight and genetics (Underwood and Sh ier 1 942; Al ien 

and Lamming 1 96 1 ; Peart 1 967; Cumming 1 977; Gibb and Treacher 1 980; Geenty and 

Dyson 1 986; Waters et al. 2000; Duguma et al. 2002; Steinheim et al. 2002) .  
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The effect of shearing during pregnancy on productive outputs, wool 

characteristics and the fol l icle popu lation of their progeny 

Shearing mature ewes in mid- to late-pregnancy (days 70- 1 00 of gestation) has been 

shown to increase the b i rthweight of the progeny of crossbred and coarse-wooled 

sheep (Morris and McCutcheon 1 997; Morris et al. 1 999; Morris et al. 2000; Smeaton 

et al. 2000 ; Kenyon et al. 2002a; Kenyon et al. 2002b; Revel !  et al. 2002 ; Kenyon et al. 

2004; Kenyon et al. 2005; Kenyon et al. 2006; Corner et al. 2007) .  The increased 

b i rthweight has been associated with i ncreases in lamb surviva l rates to wean ing in  

some cases ( Morris et al. 1 999; Kenyon et al. 2002a; Kenyon et al. 2006).  lt has a lso 

been associated with heavier lamb weaning weights (Morris et al. 1 999;  Smeaton et al . 

2000; Kenyon et al. 2004 ). Further  research investigated the effects on fleece and 

fol l icle characteristics in the progeny of mid-pregnancy shorn ewes (Reve l !  et al .  2002 ; 

Sherlock et al. 2002) .  I n  some cases there was an effect and as a resu lt the present 

study was undertaken to investigate if th is response occurred in Merinos. 

The type of shearing comb used for shearing (Morris and McCutcheon 1 997; Morris et 

al. 2000); the resu lt ing increased intake from shearing (Kenyon et al. 2003); and a n  

increase in  thyroid hormones (Symonds e t  al. 1 989;  Morris e t  al. 2000; Sherlock e t  al. 

2003) was shown not to be the mechanism or at least the sole mechanism responsible 

for the observed effect. A number of factors increased gestation length but th is was not 

attributed to the response (Kenyon et al . 2003) .  They include shearing d u ring 

pregnancy (Kenyon et al .  2002b; Revel !  et al . 2002) and cold exposure (Thompson and 

Goode 1 98 1  ) .  Two criteria have been p roposed to explain the b i rthweight response of 

dams to mid-pregnancy shearing (Kenyon et al. 2002b) .  F irstly, the dam must have the 

potent ial  to respond ( i .e .  have been destined to g ive b irth to an otherwise l ightweight 

lamb); secondly ,  the ewe must have the means to respond ( i .e. an adequate level of 

materna l reserves and/or level of nutrition to partition towards add itional fetal g rowth ) .  

Shearing at the time of foll icle development may alter the development mechanism and 

therefore the fo l l icle population . 

The development of secondary wool fo l l icles in the skin may be susceptib le to changes 

in the nutritional or hormonal environment of the fetus caused by shearing at day 70 of 

pregnancy due to the i r  development between days 90 and 1 1 0  of gestation (Hocking­

Edwards  et al. 1 996) .  Revel !  et al . (2002) examined the effect of shearing Border  

Leicester x Romney ewes at  day 70 of  pregnancy. However, the density of  p rimary 

wool fol l ic les d id not d iffer between fetuses from shorn and unshorn ewes. The density 

of secondary fol l icles ( immature and matu re )  increased by about 9% in response to 
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mid-pregnancy shearing in both single and twin fetuses. The S:P of fol l icles in  the skin 

was sign ificantly g reater in  both single and twin fetuses from shorn ewes (2.44) 

compared with fetuses from unshorn ewes (2 . 1 8 ) .  I n  contrast to the study by Revel l  et 

al. (2002) ,  Kenyan et al. (2005) and Kenyan et al. (2006) found no effect of shearing 

treatment on primary or secondary fol l icle density of progeny born to mid-pregnancy 

shorn Romney hoggets and Coopworth ewes respective ly. There was a lso no effect on 

the S :P  in  s ingle lambs born to mid-pregnancy shorn ewes (Kenyan et al. 2006).  

I n  the study by Revel l  et al. (2002) sing le-born lambs p roduced 2 1 %  more wool than 

twin-lambs overa l l .  However, wool production in the progeny of mid-pregnancy shorn 

dams was on ly s ignificantly affected in sing letons with a reduction of 1 7% of g reasy 

fleece weight. Despite th is reduction , the yield of clean woo l  was unaffected by 

shearing treatment. F ibre d iameter was not affected by shearing treatment. In  a 

d ifferent study, there was no effect of mid-pregnancy shearing ewes on mean fib re 

d iameter, curvature , % medu l lation , yield , staple length , Y colour measurement, 

coefficient of variation of mean fibre d iameter (cvMFD) ,  or loose wool bu lk  (Kenyan et 

al. 2005) in the ir  p rogeny. Sherlock et al. (2002) reported that at 6 months of age, the 

wool from ewe lambs born to shorn dams was of g reater mean fibre d iameter. There 

was a sign ificant interaction between rearing rank and shearing treatment for g reasy 

fleece weight; such that whi le dam shearing treatment had l ittle effect on the g reasy 

fleece weight of s ingle-born lambs, it caused an increase in the g reasy fleece weight of 

twin-born lambs. Lambs born to shorn dams had wh iter wool than those born to 

unshorn dams. There were no sign ificant effects of shearing t ime on fibre curvatu re , 

stap le length or yield (Sherlock et al. 2002) .  

Although stud ies to date have been i nconsistent, the finding by Revel l  et al. (2002) of 

increased S:P in  the progeny born to mid-pregnancy shorn ewes has the potential to 

increase the value of the Merino wool cl ip if the same affect was to be observed (Kel ly 

et al. 1 996). I n  fi ne-wool led breeds reducing d iameter, even at a smal l  level can 

i ncrease profitab i l ity, whereas in coarse woolled b reeds a sign ificant decrease in  fi b re 

d iameter is requ i red to increase profitab i l ity of a fleece .  However, to-date , the affect of 

mid-pregnancy shearing on the resu lting p rogeny's fol l icle population and fleece 

characteristics has not been examined . 
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Live weight and cond ition score of ewes 

Relationship to wool production 

I ncreasing l ive weight by selection in Merino sheep has long been a contentious issue 

d ue to wool being the p rincipal product from Merinos (Roberston 1 987).  lt is un l i kely 

that selection for increased l ive weight would improve wool p roduction per un it area of 

skin or the efficiency of wool growth (Pattie and Wi l l iams 1 967) .  A sl ight to moderate 

correlation is observed between l ive weight and clean fleece weight, as shown in a 

review by Safari and Fogarty (2003) ranging from -0.06 ± 0 .21  to 0 .58 ± 0 . 1 2  and 0 .24 

± 0 .03 to 0 .48 for genetic and phenotypic correlations respective ly. The correlation 

between live weight and fleece weight has been attributed to a greater surface area for 

wool growth (Pattie and Wi l l iams 1 967) .  Selection for increased l ive weight also 

increases fib re d iameter ranging from 0 .02 ± 0. 1 5  to 0.61 and 0 .09 to 0.26 ± 0 .03 for 

genetic and phenotypic correlations respectively (Safari and Fogarty 2003). The 

chal lenge therefore, is to increase ewe l ive weight and cond it ion score to maximise 

reproductive performance and the performance of the progeny, wh i le ma inta in ing 

fleece qual ity. 

The effect on ewe reproductive performance 

Live weight and cond ition score both influence reprod uctive performance (Kieemann 

and Walker 2005). Cond ition score is a subjective measurement of the body condition 

of the ewe on a scale of 1 (emaciated ) to 5 (obese) (Jefferies 1 96 1 ) . lt is  considered 

that cond it ion score mainly reflects variations in  l ive weight (Mi l l igan and Broadbent 

1 97 4 ). At the same l ive weight, small ewes in improving body cond ition can have a 

s ign ificantly higher ovulation rate than large ewes i n  reducing body cond ition (Ducker 

and Boyd 1 977) .  lt is an advantage to have as many ewes as possible conceiving in 

the first cycle of the b reed ing period , wh ich has been shown to be d i rectly related to 

ewe l ive weight and cond ition score (Kenyan et al. 2004 ) .  Nutrition influences l ive 

weight and body cond ition .  

Waters e t  al. (2000) observed Merino ewes that fel l  pregnant had the g reatest l ive 

weights immed iately before lambing and l ive weight was least at weaning in that year  

and  at the fo l lowing mating.  In contrast, the l ive weights of empty ewes increased over 

the year. Ewes that were empty or lost a lamb(s) had the h ighest l ive weights at the 

fol lowing mating.  At weaning ,  empty ewes had a cond ition score of 0.8 more than ewes 

that lambed (Waters et al. 2000) .  Losing one or more lambs before weaning resu lted in 

a 0.6 h igher cond ition score compared with ewes that successfu l ly reared one or more 
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lambs. Variation between years and flocks were large for this study. This suggests that 

cond ition tends to decl ine with p regnancy and lactation ; performance could potentia l ly 

be improved by maintain ing this. 

Effects on progeny performance 

Ewe l ive weight and body cond ition influence the performance of their lambs 

throughout their l ifet ime. Hal l  and Wal l  ( 1 995 ) conc luded that lamb b i rth weight 

increased with dam l iveweight in mid-pregnancy; and lamb wean ing weight and 

liveweight ga in  increased with dam l iveweight at jo in ing . I n  a study by Steinheim et al. 

(2002) it was found that ewes that had an in it ial ly low b i rth weight (frequently 

suggested to be a function of poor cond ition ewes d u ri ng pregnancy) ,  p roduced smal ler 

offspring throughout their  l ifet ime. They a lso p roduced fewer lambs at the first and 

second parturition.  The dai ly l iveweight gain for lambs during the fi rst 8 weeks of l ife 

a re s ign ificantly h igher for lambs suckled by ewes of h igh cond ition score (3.2) than 

lambs suckled by ewes of low cond ition score (2 .4) (Gibb and Treacher 1 980) .  

Therefore , g reater ewe l ive weight and cond ition throughout p regnancy and lactation 

wi l l  resu lt in heavier lambs which will resu lt in g reater p rofitabi l ity. 
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Mulesing Merino lambs 

Merinos are d isadvantaged by having folds in the skin (wrinkles) around the b reech 

that accumulate dags,  urine and sweat, p red isposing  them to b lowfly strike (Anson and 

Beasley 1 975; Heath and B ishop 2006).  B lowfly strike is a painfu l cond ition (Hal l  and 

Wal l  1 995) and is an extension of the carrion-feeding habits of a few species of 

Cal l iphoridae , where in  gravid female blowfl ies a re attracted to sheep by a variety of 

cues, predominantly o lfactory, and stimu lated to deposit eggs or l ive larvae under the 

inf luence of another  set of cues (Hall and Wal l  1 995 ) .  The rapid ly g rowing maggots eat 

the l iving flesh of the sheep and poison them through the ir  ammonia secretions 

(Guerrin i  1 988 ) .  Sheep show signs of i rritation during the fi rst 2 days after eggs have 

been la id .  Once b lowfly strike has been in itiated ,  fu rther  flies a re attracted to the s ite , 

and the sheep can d ie from ammonia poison ing 3-6 days from the onset of the fi rst 

strike (Sandeman et al. 1 987 ;  Guerrin i  1 988).  

B lowfly strike is  one of the major animal health p roblems faced by sheep farmers in 

New Zealand (Thompson et al. 1 990; Cottam et al. 1 998 ) .  Approximately 3-5% of 

sheep in New Zea land suffer from b lowfly strike each year  (Biackwel l  et al. 1 997 ;  Heath 

and Bishop 2006) .  The cost of the d isease is estimated to be $60 mi l l ion per year 

(Heath and B ishop 2006).  Forty mi l l ion dol lars of th is is  made up of lost p roduction , 

p roductivity, deaths ,  and costs of chemicals .  The additional $20 mi l l ion is  for the 

d owngrad ing of pe lts and from poor qual ity wool , particularly in Merinos (Heath and 

B ishop 2006) .  Fu rther  there is the stress on farmers when considering how to deal with 

these pests and animal  welfare issues ( includ ing pressure from markets and an imal 

activist groups) (Thompson et al. 1 990; B randsma and B lair 1 997; Cottam et al. 1 998).  

B lowfly strike is a lso a b ig problem in Austral ian sheep flocks with welfare, social  and 

economic impacts on agri cu ltu ral  enterprises (Davidson et al. 2006) ,  and a reduction in 

reproductive performance (Anson and Beasley 1 975) .  

S ince the introdu ction of the 'super-wrinkly' Vermont Merino to Austra l ia i n  the late 1 91h 

centu ry (Townend 1 987) ( Figure 1 . 1 ), Merinos have been successfu l ly se lected for 

their wrinkl iness as a means to increase g reasy fleece weight (Be lschner et al. 1 937; 

G regory 1 982b;  1 982a) .  Mu lesing largely removes the wrinkly a rea of the b reech , 

causing it to heal smoother and free of wool ,  thus red ucing the suscept ib i l ity to blowfly 

strike (Luff 1 976;  Beveridge 1 984 ). it also makes crutch ing easier and improves 

hygiene for mu lesed ewes at lambing (Luff 1 976) .  
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FIGURE 1 . 1 The 'super-wrinkly' Vermont Merino ,  introduced to Austra l ia in the late 1 9th 

Century (source : http://en .wik iped ia .org/wiki/Merino). 

The g reatest d ifficu lty faced by the industry today with regards to mu lesing is  the 

an imal welfare issue (Rothwel l  et al. 2007).  There is increasing market pressure to stop 

mu lesing , with many markets demanding non-mulesed wool .  There is a re luctance to 

cease the p ractice due to the lack of a lternative methods that provide equal protection 

against b lowfly strike. There have been a number of a lternatives to mu lesing 

investigated as outl i ned in  a review by Rothwel l  et al. (2007). B lowfly strike has been a 

serious p rod uction-l imit ing d isease for New Zealand sheep farmers for more than a 

centu ry. Its severity has increased in recent years for a variety of reasons, some 

related to changes in farming p ractice and stocking rates, but p rincipal ly because 

another b lowfly species has been added to the b lowfly strike-init iating fauna.  Despite 

the use of efficacious and persistent insecticides as wel l  as mulesing , b lowfly strike 

contin ues to be a major problem for New Zealand farmers (Gieeson and Heath 1 997) . 

Although mu lesing is cu rrently supported by the New Zealand Government Code for 

Animal Welfare (Morris 2000) ,  the leg islation wi l l  l i kely fo l low that of Austra l ia and have 

phased out the p ractice by 20 1 0 . 

There are two types of mu lesing; the mod ified- and the rad i cal-mules technique (Luff 

1 976) .  The mod ified mulesing operation involves the removal of skin in a crescent­

shaped p iece either side of the crutch , starting above the base of the ta i l  and extending 

below the bare a rea, leaving wounds up  to five centimetres wide opposite the vu lva 

(Beveridge 1 984 ). Next, a small strip is removed from the top of the ta i l  (ta i l  stripp ing) ,  

th is  varies depending on the severity of wrinkles and susceptibi l ity to strike (Beveridge 

1 984 ) .  The rad ical mules procedure involves extending the two side wounds so that 

they jo in  above the base of the ta i l ,  wh ich combined with extensive ta i l  stripp ing leaves 

no wool over the area (Beveridge 1 984 ) .  

1 2  



• 

Any form of p rotection against blowfly strike has the g reatest effectiveness whi le wool 

is short fol lowing shearing or crutch ing (Luff 1 976). Alternatively, the p ractice of 

mulesing offers a permanent, a nd effective method of control against b reech strike 

(Rose et al. 1 972 ) ,  the most commonly struck area (69%) of New Zealand sheep 

(Heath and Bishop 2006). Dun and Donnel ly ( 1 965) showed that mu lesing p rovided 

adequate p rotection against b lowfly strike in a year when strike rates were otherwise 

h igh .  In add ition to mu lesing, organophosphates and insect g rowth-regulator pesticides 

are used ;  however, there is increasing industry pressure to reduce the i r  use because of 

residues in the wool ,  environmental impacts of chemical usage and increasing 

resistance from the targeted species (Schinckel and Short 1 96 1 ; Atkinson and 

Leathwick 1 995; Leathwick and Atkinson 1 998; Wi l lams and Brightl ing 1 999) .  

Mulesing causes abnormal behaviour indicative of pain for 24-48 hours fol lowing the 

procedu re (Morris 2000). In add ition , levels of endorphins and cortisol are sti l l  h igh 24 

hours after the p rocedure (Morris 2000) . Rose et al. ( 1 972 ) reported that mulesed 

lambs were l ighter 6 months after the p rocedure compared to non-mu lesed lambs. 

There was also a correspond ing reduction in l iveweight ga in ,  being most p ronounced in 

the very wrinkly sheep.  The wrinkly lambs took longer for their  mu lesing wounds to heal  

than the pla in and moderately wrinkled lambs.  This suggests that mu lesing may resu l t  

in reduced l iveweight ga in  at  least in the early l ife of the lamb, the cost of wh ich , cou ld 

be h igh over the l ifetime of the an imal (g iven that future reproductive performance is 

also related to l ive weight) .  The cost of flystrike may not outweigh the cost of the 

potential loss in  p roduction over the l ifetime of the anima l .  Although genetics can 

potentia l ly be used as a long-term solution , with the practice ceasing in 201 0 ,  an on­

farm solution for 'now' is requ i red . There are currently few data ava i la b le on the effects 

of m u lesing on l ive weight and fleece characteristics. Knowledge of these re lationships 

wou ld  be advantageous in determining the cost of mulesing on the p rofitabi l ity of 

Merino farms where the practice remains. 
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Summary and expe rimental objectives 

• This study examined how three management tools cou ld be used to influence 

the productivity of a Merino system.  

• Wool production is influenced by the fol l icle from which the wool f ibres are 

produced . Secondary wool fo l l icles begin  to appear at a round day 70 of 

gestation a nd influence the f ibre d iameter and fleece weight. Influencing 

secondary fol l ic le development can resu l t  potentia l ly in  a reduction i n  fibre 

d iameter and an increase in  fleece weight therefore increasing p rofit marg ins .  

• Shearing ewes on or around day 70 of gestation can increase b i rthweights of 

their progeny, and potential ly a lteri ng the i r  fo l l icle population and fleece 

characteristics to reduce f ibre d iameter and increase fleece weight. If th is was 

found in Merinos, there could be potential financial advantages. 

• Ewe l ive weight and body cond ition score th roughout the reproductive cycle 

have an effect on reproductive performance and the performance of their 

progeny. High l ive weights and body cond ition throughout pregnancy a nd 

lactation should ensure maximum profitab i l ity through lamb prod uction of these 

ewes. Currently there is sparse information wh ich identifies how l ive weight and 

body condit ion influences reproductive performance in Mer ino ewes . 

• Mu lesing Merino lambs reduces thei r  susceptib i l ity to flystrike over the i r  l ifetime. 

Mu lesing is a significant welfare issue in New Zealand and Austra l ia at present. 

Knowledge of how these parameters are l inked wi l l  help maximise lamb 

production and performance .  

Therefore ,  the a im  of the cu rrent thesis was to provide new information on the 

fol lowing: 

• Chapter 2 - Aim: To investigate the effect of shearing Merino ewes at mid­

pregnancy (approximately day 70 of gestation ) ,  late-pregnancy (approximately 

day 1 1 0  of gestation ) and post- lambing on l ive weight ,  fleece characteristics 

and skin fo l l icle population characteristics of the i r  ewe progeny from tai l ing 

through to shearing at approximately 1 year of age . 

• Chapter 3 - Ai m :  To profile the l ive weight and body cond ition score of Merino 

ewes and d etermine the influence of l ive weight and body cond ition score on 

p regnancy d iagnosis outcome, lamb weaning weight and the p robabi l ity that 

ewes d iagnosed as pregnant were lactating at ta i l i ng .  
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• Chapter 4 - Ai m :  To examine the effects of mulesing on lamb l iveweight from 

ta i l i ng  to their first shearing and dag score from tai l ing to the ir  fi rst shearing ;  and 

fleece characteristics. 

• Chapter 5 - Aim:  To d iscuss the impl ications of the results obtained and make 

recommendations for the practical appl ication of the research . 

The thesis consists of three research chapters. Whi le these chapters examine d ifferent 

management parameters, they conta in  the same anima ls. In  each chapter, the 

n umbers of an imals used is identified as they vary between chapters .  In add ition , a 

t imel ine of measurements is g iven in Chapter 2 for ewe measurements a nd Chapter 3 

for lamb measurements. 
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Chapter 2 

The effect of shearing t i me of Merino 
ewes on their progeny 
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I ntroduction 

Research has shown , with a varying degree of response, that shearing of the dam 

during pregnancy (approximately day 70 of gestation) may increase lamb b irth weight 

(Austin and Young 1 977; Morris and McCutcheon 1 997; Morris et al. 2000; Revel l  et al. 

2000; Smeaton et al. 2000; Kenyon et al. 2002b; Kenyon et al. 2004; Kenyon et al. 

2005; Kenyon et al. 2006; Corner et al. 2007),  lamb survival (Morris et al. 1 999; 

Kenyon et al. 2002a; Kenyon et al. 2006) and lamb weaning weights (Morris et al. 

1 999; Smeaton et al. 2000;  Kenyon et al. 2004 ). A n umber of stud ies have investigated 

the effect on fleece characteristics and the fol l icle population in  offspring born to mid­

pregnancy shorn ewes, a lthough results have been inconsistent. Sherlock et al. (2002) 

reported a decrease i n  the number of secondary fol l icles in  the progeny of mid­

p regnancy shorn ewes and a correspond ing increase in fibre d iameter. In  contrast, 

Revel l  et al. (2002) showed an increase in  the density of secondary fol l icles in 

response to mid-pregnancy shearing ,  with a h igher S :P  i n the progeny of mid­

pregnancy shorn ewes. S ing le-lambs born to mid-pregnancy shorn ewes had a 

reduction of 1 7% g reasy fleece weight. Kenyon et al. (2006) found no effect of mid­

pregnancy shearing on fleece characterist ics or on the fo l l icle popu lation . None of 

these experiments investigated the effect of shearing during pregnancy on Merino 

ewes. A reduction in  fib re d iameter in Merinos cou ld potential ly be a financial 

advantage to the farmer. 

The mechanism responsib le for the response to shearing d u ring p regnancy has not 

been confi rmed.  lt is  clear that shearing a p regnant ewe is somehow infl uencing fo l l i cle 

development in her lamb . The fi rst fol l icles to develop in the sheep fetus are the 

primary fol l icles which a re visible from 40 days of gestation . These fol l icles are 

producing fib res by 90 days of gestation (Hocking Edwards 1 999).  Seconda ry fol l icles 

are not apparent u nti l  approximately 70 days of gestation , with b ra nching beg inn ing at 

around 1 00 days of gestation and cont inuing until b i rth (Hocking Edwards  1 999) .  

Fol l ic le density is determined by the number of secondary fo l l i cles (Hocking-Edwards et 

al. 1 996) .  There is a relationship between fo l l icle density and fibre d iameter (Nancarrow 

et al. 1 998;  Scobie and Young 2000) such that an increase in fo l l icle density genera l ly 

resu lts in a decrease i n  fib re d iameter. A depression in secondary fol l i cle in itiation d ue 

to changes in the maternal environment has been shown to decrease wool p roduction 

and increase fib re d iameter because it is the later-in itiated fol l ic les that p roduce fib res 

with a smal ler  d iameter (Hocking Edwa rds 1 999).  Man ipu lating the fol l icle density, may 

resu lt in  a reduction in  fib re d iameter i ncreasing the value of the fleece. l t  is therefore 
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possib le that shearing ewes d u ring the period of secondary fol l icle development may 

a lter the fol l icle popu lation a nd fleece characteristics of the progeny. 

Wool from Merinos has a m uch higher va lue than that of strong-wool b reeds because a 

h igher price is paid for fine wool .  The fo l l icle development in Merinos d iffers from 

strong-wool breeds (Rogers 2006); therefore there is more chance of achieving an 

economical ly important response from manipu lating th i s  development .  Thus ,  the a im of 

th is study was to determine whether shearing Merino ewes at d ifferent t imes of 

pregnancy affected the i r  progeny's l ive weight, wool fol l icle popu lation and fleece 

characteristics . 

Materia ls and Methods 

An i ma ls and treatments 

Dams 

Four-tooth (n=1 50) a nd six-tooth (n= 1 49)  ewes were randomly selected from a mob of 

1 300 mixed-age Merino ewes and bred with fou r  fu l l-mouthed Merino rams d u ring the 

period of May 2, 2006 (dO) to June 5, 2006 (d34) .  Pregnancy d iagnosis on d79 was 

used to identify ewes that were not p regnant (n=27 ; pregnancy rank=O) ,  s ing le-bearing 

(n=1 83; pregnancy rank= 1 ) or twin-bearing (n=85 ; pregnancy rank=2) .  Non-pregnant 

ewes were excluded from subsequent measurements. A tota l of 26 ewes were lost 

d u ring the experiment, for various reasons inc lud ing misadventu re and hypocalcaemia. 

Pregnant ewes were a l located to one of th ree d ifferent shearing treatments , shorn with 

a cover comb at mid-pregnancy (d 1 06; approximately day 79 of pregnancy; n =90);  late­

pregnancy (d 1 41 ; n=85) or post-lambing (d 1 9 1 ; n=83). Treatment g roups were 

balanced for pregnancy rank, age and l ive weight and cond ition score at d O  and d79.  

Due to the natu re of high-country fa rming (steep ,  vast terra in) ,  and the variabi l ity of 

mothering ab i l ity of Merino ewes, it was not possible to match lambs to their  dams at 

birth .  As a resu lt, a blood sample was col lected from ewes and rams at d79 for DNA 

analysis to determine parentage of thei r  p rogeny and therefore match the p rogeny to 

dam shearing treatment. 

Lambs 

A total of 250 lambs were present at d 1 91 (ta i l ing/docking)  inc luding 1 28 females which 

were matched subsequently to the ir  dam and sire using DNA (Genetic Technologies 
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Ltd, Melbourne, Austra l ia)  from a b lood sample collected at d 1 9 1 . Only the female 

lambs that were matched to dams were used in the p resent experiment. 

T i me l ine of measurements 

As lamb b i rth-date was not measured , the day of experiment was used (e .g .  d 1 9 1 = 

day 1 9 1 of experiment) .  A t imel ine of when measurements occurred is shown in Table 

2 . 1 . A t imel ine for the measurements of ewes is g iven in Chapter 3 - Table 3. 1 . 

TAB LE 2 . 1  Timeline of measurements on Merino ewe lambs th roughout the 
experiment includ ing day of experiment, date of measurement, approximate age of the 
lamb (determined by ca lculating the expected sta rt of lambing from the mid-point of 
b reed ing) at the time point and a description of what was measured at this t ime. 

Day of Date of 

experiment measurement 

(dx) 

1 9 1 9 November, 2006 

1 92 1 0 November, 2006 

283 9 February, 2007 

359 26 Apri l ,  2007 

360 27 Apri l ,  2007 

499 22 September, 2007 

Measure me nts 

Dams 

Approximate 

age of lamb 

6 weeks 

6 weeks 

4 months 

7 months 

7 months 

1 2  months 

Description 

Lambs weighed 

Tai l ing/docking 

Wean ing 

Lambs weighed and dag scored 

Sk in  b iopsy and midside 

sampl ing 

Shearing and midside sampl ing 

Ewes were weighed and condit ion scored after approximately 4 hours off pasture on 

dO ,  d79, d 1 06, d 1 4 1 , d 1 9 1 , and d283 of the experiment. To account for d ifferent 

shearing dates, fleece weights were recorded and added to subsequent l ive weights . 

L ambs 

Lambs were weighed after approximately 4 hours off pasture on d 1 9 1  (approximately 6 

weeks of age), d283 (approximately 4 months of age),  d359 (approximately 6 months 

of age) and d499 (approximate ly 1 year of age). At d 1 9 1 lambs were g iven a subjective 

wrinkle score using a visual assessment of their entire body (Scobie et al. 2005) .  

Scores ranged from 1 ;  completely p la in sk in ,  th rough to 5 ;  a large number  of p rominent 

wrinkles. F igure 2.1 shows a se lection of lambs from the experiment and their a l located 

wrinkle scores. 
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FIG URE 2 . 1  Merino lambs at ta i l ing (d 1 92)  with subjective wrinkle scores from 2 

(sl ightly wrinkly skin ) to 5 ( large number of prominent wrinkles). 

A subjective dag score was taken at d283 , d359, d499 and d 588 using a visual 

assessment with scores ranging from 0 (no dag) to 5 (heavy dag ) (Larsen et al. 1 994) 

(Figu re 2 .2) .  

� 1 4 i A �I ,, 
0 1 2 3 4 5 

FIGURE 2.2 The scale used to estimate dag score by visual assessment with a score 

of 0 having no dags and a score of 5 showing extensive dag accumu lation (Larsen et 

al. 1 994).  

All ewe lambs were ta i led on d 1 92 using a gas-heated docking i ron and 'Novartis-Ci ik ' ,  

an  insect growth regulator conta ining d icyclan i l ,  was appl ied to the i r  backs and the site 

of the ta i l  remova l .  Mu lesed lambs a lso had a lcohol-based iodine appl ied to the 

wounds.  All lambs were d renched with selen ium.  Lambs were weaned on d283 at 

approximately 4 .5  months of age. 

At approximately 7 months of age (d360), a mid-side wool sample was col lected from 

the right side of the lamb .  The woo l  was cut as close to the skin as possible using 

electric Oster smal l  an imal c l ippers .  Th is sample was used to measure fleece 

para meters of the lambs at 7 months of age (see later for deta i ls) .  A skin b iopsy was 

taken from these lambs within the c l ipped mid-side area (McCiogh ry 1 997) .  The c l ipped 

skin patch was steri l ised with iod ine and a local anaesthetic (2ml ,  Nopaine 2%; 

conta in ing l ignocaine hydrochloride, Eth ical Agents, New Zealand Ltd . )  was injected 
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subcutaneously in  an L-block pattern a round the area to be sampled .  This was left for 3 

m inutes, before a skin biopsy was taken adjacent to the i njection s ite, using a 1 0-mm 

biopsy trephine. The b iopsy was then elevated using b lunt forceps and scissors were 

u sed to trim off tra i l ing strands of dermis.  The skin sample was immed iately fixed in 

formaldehyde. The b iopsied a rea was then retreated with iod ine. 

The lambs were shorn at approximately 1 year  of age (d499) .  F leeces were weighed 

a nd a fu rther mid-side wool sample was col lected for analysis of length and strength . A 

p rofessional classer sorted fleeces into 7 commercial l ines for sa le.  The l ine each 

fleece was classed into was recorded (Table 2 .2 )  . 

Animals were managed on Lincoln Un iversity's Mt Grand Station ,  Hawea Flat, New 

Zealand under commercial farming practices. The study was approved by the Massey 

Un iversity Animal Eth ics Committee. 

TABLE 2.2 Subjective description of each fleece l ine based on a visual appraisal by a 

p rofessiona l wool  classer of fibre d iameter, staple length and other  characteristics.  

Line Fi bre d iameter 

descri ption 

1 Superfine/Extrafine 

2 F ine 

3 Med ium 

4 Extrafine 

5 F ine 

6 

7 

Staple length 

descript ion 

Long 

Long 

Long 

Med ium 

Med ium 

Other 

Tender 

Short ( less than 

55mm),  coloured ,  p lus 

backs etc 

Laboratory methods 

The wool samples col lected at d360 were cond it ioned at 20°C and 65% re lative 

humid ity for 1 68 hours p rior to removing a 50g sub-sample wh ich was scoured i n  a 4-

bowl sample scour. These scoured samples were then cond itioned for a fu rther 72 

hours and re-weighed . The washing yield was calcu lated using the fol lowing equation : 

01 . Id 
weight of greasy sample 1 00 

;o yze = x -

weight of scoured sample 1 

A sample of 1 Og was taken from the clean sample wh ich was put through a two-drum 

hand-operated card 3 times and any excess vegetab le matter was removed . 
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Carded samples were then measured for colour using a HunterLab ColourQuest in Y-Z 

u n its to the New Zealand Standard for the measurement of co lour (NZS8707: 1 984) 

(SANZ 1 984 ) .  The sample was then cored by hand using a 2mm trocar and the core 

samples used to measure mean fibre d iameter in m icrons using an Optical F ibre 

Diameter Analyser (OFDA1 00) ( IWTO 1 998). 

Mid-side samples col lected at d499 (shearing) were sent to the New Zealand Wool 

Testing Authority, Napier, New Zea land to be analysed for length and strength using 

ATLAS (Automatic Tester for Length and Strength ) ( IWT0-7 and 1 7  respectively) .  The 

test uses a sample (n=5) of staples d rawn from the mid-side sample , and measures the 

length of the sampled staples, the force requ i red to break them and the position of the 

b reak a long the staple.  

The skin samples collected on d360 were embedded in paraffin wax and sectioned to 

8-I..J m th ickness transverse to the plane of the fo l l icle and stained using haematoxyl in , 

eosin and picric acid (McCiogh ry 1 997).  Sections conta in ing primary (P)  and secondary 

(S)  fol l icles were selected at the level of the sebaceous g land in the skin ,  and were 

examined using a l ight microscope at 200 times magnificat ion. Wool fo l l icles were 

counted in a min imum of 6 fie lds-of-view for each skin sample.  P and S fol l i cles were 

counted and their  respective densities were ca lculated after adjusting for shr inkage. 

Image-Pro Plus - Image ana lysis software (Version 4.1  for Windows, 1 993) and Med ia 

Cybernetics, L .P, were used to measure the area of the embedded b iopsy samples. 

The area of the in it ia l  b iopsies, pre-fixation was calcu lated using the area of the 

trephine and the shrinkage factor was ca lcu lated as: 

Sh . k t. A rea of embedded biopsy 
rzn age 1 actor = ---'-------=--'-

A rea of the trephine 

The shrinkage factor was used to adjust the measured fo l l icle densities back to the 

orig ina l  density in the dermis of the an imal .  

Statistical analyses 

All statistical analyses were carried out using SAS (Statistical Ana lysis System,  version 

8 .2 ;  SAS Institute Inc . ,  Cary, NC, USA, 2001 ) .  Live weights of ewes shorn at d ifferent 

times were analysed as repeated measures using the MIXED procedu re with l inear 

models .  The fixed effects of shearing treatment, day of measurement, the interaction of 

day-by-shearing treatment and the random effect of ewe were considered . The effect of 

shearing treatment on l ive weight of the lambs at d 1 91 ,  d283, d359 and d499 were 
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ana lysed using the M IXED procedure with a l inear model that included the fixed effects 

of dam shearing treatment, mulesing treatment, ewe age, wrinkle score , p regnancy 

rank ,  dag score at d283, d359 and d499 ; and the random effect of s i re .  L ive weight of 

ewes at dO ,  d79, d 1  06, d 1 4 1 , d 1 9 1 ,  and d283; and l ive weight of lambs at d 1 91 ,  d283 

and d359 were fitted as covariates where ind icated . 

The effect of shearing treatment on fleece fibre d iameter, colour, washing yield at d360, 

and fleece weight, fleece l ine,  stap le length and staple strength at d499 was analysed 

using the M IXED procedure with a l inear model that included the fixed effects of dam 

shearing treatment, mu lesing treatment, wrinkle score ,  ewe age and pregnancy ran k, 

and the random effect of sire .  

The effects of shearing treatment on secondary to  primary fol l icle ratio (S :P ) ,  total 

fol l icle density, p rimary fo l l icle density, secondary fol l ic le density, total fo l l i cle number 

index, p rimary fo l l icle number index and secondary fo l l icle number index were analysed 

using the MIXED proced ure with a l inear  model  that included the fixed effects of dam 

shearing treatment, wrinkle score , ewe age and p regnancy rank ,  and the  random effect 

of s i re .  

Fo l l icle index was ca lcu lated as the p rod uct of fol l icle density and approximate surface 

area of the lamb (Fozi et al. 2007).  Approximate surface area was ca lcu lated with the 

fol lowing equation (Freer et al. 1 997).  

Approximate surface area = 0.09 x Live weight 3 

The effect of shearing treatment on fleece l ine and wrinkle score was analysed using 

the G ENMOD procedure for non-continuous data that included the fixed effect of dam 

shearing treatment. 

Non-sign ificant (P>0.05) variables were removed from each mode l  to determine fina l  

solutions ;  s ign ificant effects a re deta i led in  the resu lts. Not a l l  a n imals had 

measurements for al l  parameters ; therefore, numbers are shown in  the text or the 

tables. Rearing rank  was not determined , so p regnancy rank was used i n  the models .  
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Results 

The only d ifference in l ive weight observed was at d 1 4 1  ( late-pregnancy shearing)  

when the mid- and late-pregnancy shorn ewes were heavier (P<0.05)  than the post­

lambing shorn ewes after l ive weight had been adjusted for fleece weight. This 

d ifference had d isappeared by d 1 91 (Figure 2 .3) .  

F igure 2 .4 profi les the ewe-lamb l ive weight from d 1 91 to  d283. No d ifference i n  l ive 

weight was observed between treatments except at d359 where lambs born to m id­

pregnancy shorn ewes tended to be heavier (P=0.09 1 ) than lambs born to late- and 

post-lambing shorn ewes. Single-born lambs were heavier than the i r  twin-born 

counterparts at ta i l ing (d 1 9 1 ; P<0 .05) and at weaning (d283; P<0.05) but d id not d iffer 

after this point (Figu re 2 .5) .  
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FIG U RE 2.3  The l ive weight profi le using least squares means and standard errors of 

the means of mid-pregnancy shorn (d 1 06 ; . . ... . .  ) , late-pregnancy shorn (d 1 41 ; -•-) and 

post-lambing shorn (d 1 9 1 ; -- .&. --) Merino ewes. * ind icates mid-pregnancy shorn and 

post-lambing shorn ewes d iffer at the P<0 .05 leve l .  
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FIGURE 2.4 The l ive weight profi le using least squares means and standard errors of 

the means at ta i l ing (d 1 91 ) , wean ing (d283) , biopsy (d359) and shearing (d499) of 

Merino lambs whose dams were mid-pregnancy shorn (d 1 06; n=31 ; · · + · ·  ) , late­

pregnancy shorn (d 1 41 ;  n=37; -•-) and post-lambing shorn (d 1 92 ;  n=28; -- A --) .  

35 

30 
-
C') 25 � -

-
20 .J: 

C') 
Q,) 1 5  :: 
Q,) 
> 1 0  · -

..J 
5 

0 
1 50 

* * *
····· 

�·· 

* * *  ....
. � · · 

2 50 350 450 550 
Day of experiment 

FIG U RE 2 . 5  The l ive weight profi le using least squares means and standard errors of 
the means at tai l ing (d 1 91 ) , weaning (d283) ,  b iopsy (d359) and shearing (d488) of 
s ing le- (n=64, 61 , 62 and 62 respectively; · · · A · · · ) and twin-born (n=37 , 33, 35 and 34 
respective ly; -•-) Merino lambs. *** ind icates sign ificant d ifference at P<0.001 leve l .  
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TABLE 2.3 The effect of shearing treatment, wrinkle score and p regnancy rank  on the secondary to pr imary fol l icle ratio (S:P}, total fol l icle 
density, pr imary fol l icle density (Po density), secondary fol l icle density (Sodensity), total fol l icle number index (T F N I ) , primary fol l icle number  
index (Po  FN I )  and secondary fol l icle number  index (So F N I ) . Values a re least squares means and standard e rrors of  the means at d360 
(approximately 7 -month-old )  Merino ewe lambs. Data points in a column without letters in common d iffer sign ificantly (P<0.05 ) . 

n S :P  Total fol l icle 

density 

Shearing treatment 

Mid-pregnancy shorn 3 1  1 6 .00 ± 0 .67 8 1 . 1 3 ± 3 .3r 

Late-pregnancy shorn 37 1 6 .26 ± 0 .62 86.29 ± 3 .5 1 8  

Post-lambing shorn 28 1 7 . 1 6  ± 0 .71  94 .59 ± 3 .47b 

Wrinkle score 

2 2 1 6 .63±2 .48 85.62±1 0 . 1 2  

3 25 1 4 .64±0.748 79.42±2 .928 

4 33 1 7 .32±0 .69b 94.54±2 .67b 

5 26 1 7 .65±0 .75b 89 .86±3 .03b 

Pregnancy rank  

S ing le lambs 55 1 6 .45±0.48 87 .75±3 .38 

Twin lambs 32 1 6 .51  ±0.66 86 .97±3 .25 

• 

P0 density 5° density 

5 .02 ± 0 .23 76.22 ± 3 .288 

5 . 1 6 ± 0 .22 8 1 .35 ± 3 .4 1 8  

5 .47 ± 0 .24 89 .31  ± 3 .38b 

4 .91 ±0.75 80.78±9 .86 

5 .30±0 .25 74 . 1 5±2 .858 

5 .29±0 .23 89.28±2 .60b 

4 .86±0.25 84 .99±2 .95b 

5 .34±0 . 1 7  82.45±3 .29 

4 .98±0 .21  82 . 1 5±3 . 1 7  

TFNI  

69 .31  ± 3 .008 

72.71 ± 3 . 1 38 

79.54 ± 3 .09b 

70 .88±8.68 

65.03±2.528 

82 .50±2 . 1 8b 

77 .03±2.45b 

76 . 1 7±2 .94 

71 .72±2 .84 

P° FNI  S° FNI  

4.22 ± 0. 1 9  65 . 1 6  ± 2 .908 

4 .33 ± 0 . 1 7  68 .49 ± 3 .01  a 

4 .50 ± 0 . 1 9  75.03 ± 2 .99b 

4 .23±0.61  68.90±8 .62 

4 .38±0 .21  6 1 . 55±2.498 

4 .57±0 . 1 98 76.70±2.28b 

4 .08±0 .2 1 b 7 1 .5 1 ±2 .58b 

4 .63±0 . 1 58 7 1 .59±2 .87 

4 .07±0 . 1 8b 67 .74±2 .77 

<0 
N 
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Dam shearing treatment had no effect on the S : P, p rimary fol l icle density and p rimary 

skin fol l icle number index of the i r  progeny at d360 (Table 2 .3) .  The p rogeny of post­

lambing shorn dams had a h igher (P<0.05) total fol l icle density, secondary fol l ic le 

density, total skin fol l icle number index and secondary fo l l icle number index than the 

p rogeny of mid- and late-pregnancy shorn dams (Table 2.3) .  Lambs born as  singles 

had a greater (P<0.05) primary fol l icle number index than their twin-born counterparts 

(Table 2 .3). 

Wrinkle score had an influence on tota l fol l icle density, secondary fol l icle density, tota l 

sk in fol l icle number index and secondary fo l l icle num ber index. An imals that had h igher  

wrinkle scores were associated with a h igher S :P ,  total fol l icle density, secondary 

fol l icle density, total fol l icle number index, primary fo l l icle number index and secondary 

fo l l icle number index (Table 2 .3) .  

F leece characteristics at d360 and 499 d id not d iffer between treatment groups (Table 

2 .5 ) .  Sing le-born lambs had heavier fleeces (2 .53kg ± 0.08; P<0 .0 1 ) than the i r  twin­

born counterparts (2 .27kg ± 0.08) but there was no d ifference between any other 

characteristics (Table 2 .5) .  Wrinkle score had a s ign ificant effect on fleece weight 

(P<0.001 ); the h igher the wrinkle score the heavier the fleece weight at d499 (Table 

2 .4) .  There was no d ifference between wrinkle scores at d 1 9 1  for the lambs of mid- ,  

late-pregnancy and post-lambing shorn ewes (data not shown) .  

TABLE 2.4 Least squares means and standard error of the mean of fleece weight at 
d499 (approximately 1 year of age) for each wrinkle score class (measured at d 1 9 1 ) .  

Wrinkle score n Fleece weight (kg) 

2 2 2 .34 ± 0 .24abc 

3 29 2 .22 ± o .or 
4 35 2 .41  ± 0 .07ab 

5 30 2 .63 ± o.orbc 
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TABL E  2.5 The effect of shearing treatment and pregnancy rank of Merino ewe lambs on :  fibre d iameter, colour  and yield on d360 
(approximately 7 -months-old ) ;  and fleece weight, staple length , stap le strength and fleece l ine on d499 (approximately 1 -year-o ld ) . 
Values are least squares means and standard errors of the means.  Data points in a column without letters in common d iffer sign ificantly 
(P<0.05) .  

n Fibre Colour Wash ing 

diameter (Y-Z) yield (%) 

(IJm) 

Shearing treatment 

Mid-pregnancy shorn 3 1  1 7 . 1 2  ± 0 . 1 4  -0 .0 1 5 ± 0 . 1 8  72.52 ± 0 .84 

Late-pregnancy shorn 37 1 7 . 1 3  ± 0 . 1 4  0 . 1 6 ± 0 . 1 7  70.89 ± 0 .79 

Post-lambing shorn 28 1 6 .86 ± 0 . 1 5 -0. 1 1  ± 0. 1 9  70.6 1 ± 0 .88 

Pregnancy rank  

S ing le-born lambs 6 1  1 7 . 1 4 ± 0. 1 1 -0 .01 8 ± 0 . 1 5 7 1 .25 ± 0 .63 

Twin-born lambs 35 1 6 .85 ± 0 . 1 4  0 .063 ± 0 . 1 8  7 1 .5 1  ± 0 .81 

• 

n 

-

-

-

62 

34 

Fleece Staple Staple 

weight (kg)  length (mm) strength 

2 .37 ± 0 .07 

2 .46 ± 0 .06 

2 .41 ± 0 .07 

2.53 ± 0 .08b 

2 .27 ± 0 .08a 

(N/kt) 

69.58 ± 1 .46 37 .32 ± 2 .07 

69.78 ± 1 .35 40.80 ± 1 .95 

67.54 ± 1 .53 39.29 ± 2 . 1 4  

69. 1 1 ± 1 .05 38.77 ± 1 .63 

68.70 ± 1 .43 39.80 ± 2 .05 

Fleece 

l ine 

4 .32 ± 0 .35 

3 .46 ± 0 .32 

4 .46 ± 0 .37 

4 .02 ± 0 .26 

4 .06 ± 0 .35 

CX) 
N 
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Discussion 

Previous  stud ies have found a response to shearing time of crossbred ewes in  the 

fleece characteristics and fol l icle popu lation of their progeny (Reve l l  et al. 2002 ; 

Sherlock et al. 2002), a lthough ,  effects have been inconsistent .  The a im of th is 

experiment was to determine if the shearing time of Merino ewes had an effect on 

fleece and fo l l icle characteristics in the i r  p rogeny. The effect of shearing time on l ive 

weight from ta i l ing (at approximately 6 weeks of age) to shearing (approximate ly 1 year 

of age) was also investigated . 

lt has been suggested that the number of p rimary fol l icles is not inf luenced to any great 

extent by materna l environment but the secondary fol l icles are .  Therefore in order to 

manipu late the fol l icle popu lation,  the secondary fo l l icles should be ta rgeted (Kel ly and 

Macleod 1 99 1  ) .  Shearing at day 70 of pregnancy (mid-pregnancy) coincides with the 

start of the wave of secondary fol l ic les that begin to appear in feta l sk in , but it is after 

the wave of p rimary fo l l icles (Kelly and Macleod 1 99 1 ; Hocking-Edwards  et al. 1 996) .  

This experiment targeted th is wave of fo l l icles by shearing at approximately day 79 of 

pregnancy. Total fo l l icle density, secondary fol l i cle density, total skin fo l l ic le number 

index and secondary skin fol l icle number  i ndex were g reatest in  lambs whose dams 

were not shorn during pregnancy. This d id  not reduce fibre d iameter as is often the 

case with an increased secondary fol l icle popu lation . A potential reason for th is is  that 

there may have been d ifferent n utrient al locations in response to shearing between 

fo l l icle and fibre development which was suggested by Kel ly et al. ( 1 996) .  The nutrient 

al location may have caused a change in the fol l icle development but not influenced the 

outcome of fib re development. 

In contrast to the present experiment, Revel l  et al. (2002) increased the density of 

secondary fol l icles in the progeny of Border  Leicester x Romney ewes in  response to 

mid-pregnancy shearing and a lso increased the S : P. A persistent reduction i n  the 

number of mature secondary fol l ic les is related to reduced numbers of fol l icles per un it 

area of skin and to red uced body size (Turner 1 961 ; Dun and Grewal 1 963;  Lax and 

Brown 1 967).  The maturation of secondary fo l l icles can be retarded if the nutrient 

supply is restricted in late p regnancy of the ewe (Corbett 1 979).  The response from 

shearing time may depend on the nutritiona l  status of the ewe (Kenyan et al. 2002b ) .  

This is  a potential explanation for the contrasting resu lt of  the p resent experiment with 

Revel l  et al. (2002) .  Sherlock et al. (2002) found that the number of secondary fol l icles 

decreased in  response to mid-pregnancy shearing ,  as with the p resent study. Th is was 

attributed to d ifferent b reeds responding d ifferently to shearing.  Sherlock et al. (2002) 
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used Romney lambs and concluded d ifferences may be based on d ifferent b reeds,  

which may a lso explain the response that was found in the p resent study with Merinos. 

P revious stud ies have found both l ive weight and fleece changes in  the p rogeny of mid­

pregnancy shorn ewes. Contrary to previous stud ies on mid-pregnancy shearing of 

ewes (Kenyan et al. 2002b;  Kenyan et al. 2004 ) ,  the present experiment found no l ive 

weight d ifference or d ifference in fleece characteristics between the progeny of mid- ,  

late-pregnancy and ewes not shorn during pregnancy at any stage of the experiment. 

In  agreement with Kenyan et al. (2006) the present experiment found no effect of mid­

p regnancy shearing on fleece characteristics. Kenyan et al. (2002b) suggested that the 

best cond itions to get a b i rthweight response were the ewe having the potential to 

respond to shearing , and having the maternal reserves to partition to the foetus .  In the 

p resent experiment the ewes were of poor cond ition during breed ing which may have 

reduced their ab i l ity to partition extra nutrients to the fetus and therefore affect fo l l icle 

development, fleece characteristics and l ive weight of thei r  progeny. 

Another potential explanation for the lack of a response in l ive weight, fo l l icle and 

fleece characteristics (apart from secondary fo l l i cle numbers) is that in other  stud ies 

(Revel !  et al. 2002; Sherlock et al. 2002) ewes were shorn at day 70 of p regnancy and 

in  the present study ewes were shorn at day 79. This is sti l l  before secondary fol l ic le 

development at between day 90 and 1 1 0 (Hocking Edwards et al. 1 996) so is un l ikely 

to be a sign ificant contri butor to the lack of response . 

In  some stud ies, ewe l ive weight d u ring pregnancy was not affected by shearing 

treatment (Morris and McCutcheon 1 997; Morris et al. 2000; Kenyan et al. 2002b ;  

Revel !  et  al. 2002). Smeaton et al. (2000) found that shearing resu lted in  ewe l ive 

weight loss which persisted through to August. However, after lambing,  shorn ewes 

were heavier than the i r  unshorn counterparts. Contrary to these stud ies, the p resent 

study found that mid-pregnancy shearing resu lted in a h igher l ive weight in  late­

pregnancy compared with ewes that were not shorn during p regnancy. A potentia l 

explanation for th is is  an increased intake as a resu l t  of shearing (Kenyan et al. 2003),  

which cou ld have in itia l ly increased the l ive weight gain of the mid-pregnancy shorn 

sheep. 

L ive weight was g reater in sing le-born lambs compared with twin-born lambs,  at ta i l ing 

and weaning . After th is point there was no d ifference, presumably d ue to compensatory 

g rowth in twin-born lambs. Egan et al. ( 1 977) showed that twin-born ewes are ab le to 

achieve compensatory g rowth under favourab le g rowing cond itions.  
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The primary fo l l icle number index was g reater in singles; however, th is d ifference was 

not enough to a lter the overa l l  density or ind ices. Corbett ( 1 979)  reported that at fi rst 

shearing the g reasy fleece weight of twins compared with s ing les was less by up to 

0 .25 kg . This does not affect the clean scoured fleece weight (Brown et al. 1 966), 

suggesting that the add itional fleece weight is  actually g rease and suint content. Lighter 

fleeces were a lso observed in the p resent study in twin-born lambs, supported by 

Revel l  et al. (2002) and Dun and Grewal ( 1 963).  Dun and G rewal ( 1 963) suggested 

that despite their lower fleece weights ; twin ewe lambs had an equ iva lent wool 

p roduction per un it a rea of skin and were therefore just as p roductive as s ing le-born 

lambs . 

Merinos have been selected for wrinkl iness in an effort to i ncrease fleece weight 

(Belschner et al. 1 937) by increasing the skin area. In  the p resent experiment the 

wrinkl ier the lambs were , the heavier their fleeces were , a find ing confi rmed by Scobie 

et al. (2005).  However, wrinkl ier an imals a lso had h igher S: P , total density, secondary 

density and fol l icle ind ices, suggesting that their  heavier fleeces may a lso have been 

d ue in  part to the increased fibre d ensity, caused by an increased number of secondary 

fol l icles. This suggests that animals with greater wrinkl iness may have increased fleece 

production and potentia l ly decreased f ibre d iameter by increasing the sk in fo l l ic le 

number index compared to less wrinkly an imals. One of the imp l ications of se lecting for 

increased wrinkles is the increased susceptib i l ity to blowfly strike and potential 

reduction in wool qua l ity (Scobie et al. 2005) .  Wrinkle scores in the present experiment 

were skewed towards the h igher  end of the scale, with no an imals having a wrinkle 

score of 0 or 1 ,  and 2 an imals having a wrinkle score of 2 .  This suggests conclusions 

d rawn with regards to wrinkle score should be interpreted with caution .  

In  conclusion , the shearing time of Merino ewes d i d  not affect the l ive weight of their  

progeny. Progeny born to ewes that were not shorn during pregnancy had h igher 

secondary fol l icle densities than p rogeny born to ewes shorn in  mid- or late-pregnancy. 

The consequence of th is was an increased fo l l icle density, fo l l icle number index and 

secondary fol l icle number index. No effect on fleece characteristics was observed . 

Based on these findings not shearing ewes d uring pregnancy has the potential for 

economic advantage from the i ncrease in fo l l icle density, which may resu lt in a 

decrease in f ibre d iameter, a lthough th is was not observed in the p resent study. These 

resu lts suggest that in Merinos, shearing in either mid- or late-pregnancy, u nder the 

cond itions of the p resent study, is  not a management tool farmers cou ld use to alter the 

fleece characteristics of the resu lt ing p rogeny. 
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Chapter 3 

Live weight and body condition 
score of Merino ewes 
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Introduction 

Merino ewes in New Zealand a re b red p rimari ly for wool production but a lso potentia l ly 

go th rough several reproductive cycles producing one to two lambs per year. Although 

Merinos are bred p rimari ly for wool prod uction ,  prices paid per ki logram of wool  have 

been d iminishing placing g reater emphasis on meat p roduction (Scales et al. 2000) .  

L ive weight and body cond ition throughout the reprodu ctive cycle relate to reproductive 

performance measures (Kieemann and Walker 2005).  Th is means that reproductive 

performance is a lso important. 

H igh  reproductive performance results in heavier lambs and an increased lambing 

percentage and i n  some studies minimises lamb losses (Gibb and Treacher  1 980;  Hal l  

et al. 1 995; Ste inhe im et al. 2002).  Potential ly more lambs for slaughter  can resu lt in 

increased value (assuming feed efficiency is mainta ined or improved ) .  Reprod uctive 

losses are trad itional ly h igh in Merino ewes (Hocking Edwards and Starbuck 2006) and 

the correct management of l ive weight and body cond ition could potential ly reduce this .  

Despite th is ,  there is min imal data currently avai lab le currently under New Zea land 

grazing cond itions for Merino ewes on the effect of l ive weight and body cond it ion 

score and its influence on reproductive performance . The aim of this experiment was to 

profi le the l ive weight and body cond ition score (BCS) of Merino ewes throughout one 

reproductive cycle from breeding through to the wean ing of the ir  lambs. The p rofiles 

were then used to investigate the influence of l ive weight and condition score of ewes 

on the result at p regnancy d iagnosis, lamb weaning weight and the p robabi l ity that 

ewes d iagnosed as p regnant were lactating at ta i l ing . 

Materia ls and Methods 

An i mals and treatments 

Four-tooth (n= 1 50 )  a nd s ix-tooth (n= 1 49) ewes were selected randomly from a mob of 

1 300 mixed-age ewes and bred with four fu l l-mouthed Merino rams d u ring the period of 

May 2, 2006 (day 0 of experiment; dO)  to June 5, 2006 (d34 ). Pregnancy d iagnosis 

(PO)  was conducted using an u ltrasound scanner on d79,  to identify whether  ewes 

were non-pregnant (n=27; p regnancy rank=O) ,  carrying a single-foetus (n= 1 83 ;  

p regnancy rank=1 ) or carrying twin foetuses (n=85; p regnancy rank=2) .  Ewes that 

were not pregnant were excluded from subsequent measurements. A total of 26 ewes 

were lost during the experiment, for various reasons includ ing misadventu re a nd 

hypocalcaemia. 
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As part of a separate experiment (Chapter 2) ,  ewes were ran domly a l located into one 

of three shearing treatments ; mid-pregnancy shorn (d 1 06), late-pregnancy shorn 

(d 1 4 1 ) or post-lambing shorn (d1 92) .  To adjust for having been shorn at d ifferent t imes 

of the year, fleece weight was measured at shearing and added onto subsequent l ive 

weights for each ewe. The time of shearing was included in the statistical models to 

el iminate any effect it may have had on the resu lts. 

At b reed ing (dO) ,  p regnancy d iagnosis (d79 ) ,  mid-pregnancy (d 1 06 ) ,  late-pregnancy 

(d 1 4 1 ) ,  ta i l ing (d 1 9 1 ) and weaning (d283) ewes were weighed and their BCS was 

assessed on a scale of 1 (emaciated ) - 5 (obese) (Jefferies 1 961  ). Udders of the dams 

were palpated at ta i l ing to ident ify ewes that were not lactating (n=49). This was used 

to ind icate whether the ewe had reared a lamb. Only ewe lambs were measured d ue to 

retention on the property as rep lacements. 

Time l ine of measurements 

As lamb b irth-date was not measured (due to d ifficult terrain and poor mothering ab i l ity 

of Merinos), the day of experiment is used . A timeline of when measurements occurred 

is shown in Table 3 . 1 .  

TAB L E  3 . 1  Timel ine of measurements on Merino ewes throughout the experiment 
includ ing day of experiment, date of measurement and a description of measurement 

Day of Date of measurement Descri ption 

experiment ( dx) 

0 2 May, 2006 Breed ing 

79 20 Ju ly, 2006 Pregnancy d iagnosis 

1 06 1 6  August, 2006 Mid-pregnancy shearing 

1 41 20 September,  2006 Late-pregnancy shearing 

1 9 1 9 November, 2006 Ewe weigh ing 

1 92 1 0 November, 2006 Post-lambing shearing and 

ta i l ing/docking 

283 9 February, 2007 Wean ing 

Statistical a n a lyses 

Statistical analyses were carried out using SAS (SAS 2001 ) .  Ewe l ive weight and B CS 

were analysed as repeated measures using the M IXED procedure with l inear models.  

The fixed effects of shearing treatment, day of measurement, p regnancy rank  a nd the 

interaction of day by p regnancy ran k  and the random effect of ewe were considered . 
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The log istic p rocedure with a regression model was used to analyse the effect of l ive 

weight and cond ition score on pregnancy ran k; fitt ing l ive weight at breed ing and PO as 

covariates and the fixed effects of ewe age and BCS at breeding and PD. This 

proced u re was also u sed to analyse the probabi lity that a ewe d iagnosed as p regnant 

at PO was lactating at tai l ing ,  considering the fixed effects of BCS at al l  t ime points, 

ewe b irth-year and Pregnancy rank .  Ewe l ive weights at al l t ime points were fitted as 

covariables. 

Using the general ised l inear model (GLM) p rocedure ,  the effect of ewe l ive weight and 

BCS th roughout the reproductive cycle on ewe-lamb weaning weight was analysed . 

This model considered the fixed effects of ewe b i rth-year, p regnancy rank and BCS at 

dO ,  d79 , d 1  06 , d 1 4 1 , d 1 9 1 and d283 of experiment. Ewe l ive weights at dO ,  d79,  d 1  06, 

d 1 4 1 , d 1 91 and d283 of experiment and the interactions between age and these l ive 

weights were fitted as covariables. 

Non-sign ificant (P>0.05)  variab les were removed from each model  to determine final  

solutions ;  s ignificant effects are detai led in  the results. Not a l l  an imals had 

measurements for al l  parameters , so analyses were conducted on as many records as 

were ava i lab le (numbers in each analysis a re shown in the tables). The number of 

ewes ava i lable for measurement at any t ime point varied due to the vagaries of 

mustering in this extens ive environment. 

Resu lts 

Single-bearing ewes were l ighter at dO, d79, d 1 06 and d 1 41 than their twin-bearing 

counterparts (F igure 3 . 1  ) .  From ta i l ing onwards there was no d ifference between 

sing le- and twin-bearing ewes. The body condition score p rofi les of s ingle- and twin­

bearing ewes are shown in Figure 3 . 1 . Ewe BCS was least at  dO and increased to d79.  

Twin-bearing ewes began to lose body cond ition late in  pregnancy and had a lower 

cond ition than sing le-bearing ewes at d 1 92 . Twin-bearing ewes then recovered body 

cond ition so that there was no d ifference between sing le- and twin-bearing ewes at 

d283. 
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FIG URE 3.1  Live weight (singles: -•- ; twins:  ---o---) and body cond ition score (BCS) 

(s ingles: - .A. -; twins: - - -6- - - ) profi les of Merino ewes th roughout one reproductive 

cycle with measurements at dO (breed ing) ,  d79 (pregnancy d iagnosis) ,  d 1  06 (mid­

pregnancy) ,  d 1 4 1  ( late-pregnancy), d 1 92 (ta i l ing)  and d283 (weaning)  for sing le­

(n=1 83, 1 8 1 , 1 8 1 ,  1 83, 1 75 and 1 44 respective ly) and twin-bearing ewes (n=85, 85, 85,  

84,  74 and 53 respectively) using least squares means and standard errors of the 

means. Data points with in l ive weight or with in  body condition score without letters in 

common d iffer sign ificantly (P<0.05) .  

There was no d ifference in l ive weight or BCS at dO  (breed ing ) or d79 (PO) between 

ewes that were identified as e ither  p regnant or non-pregnant at PO (Table 3 .2 ) .  

TABLE 3.2 Means and standard errors for l ive weight and body cond ition score of 

ewes at dO (breed ing) and d79 (pregnancy d iagnosis) for ewes d iagnosed as p regnant 

and those that were not pregnant at d79.  

n Pregnant at n Not preg nant 

PO at PD 

Live weight at 269 4 1 .91 ± 0 .30 26 40.6 1 ± 0 .70 

breed ing 

Live weight at P O  269 49.99 ± 0 .28 26 50 . 1 5  ± 1 .03 

Condition score at 269 1 .36 ± 0 .03 26 1 .32 ± 0 .07 

b reed ing 

Cond ition score at 266 2 . 83 ± 0 .03 26 2 .69 ± 0 .09 

PO 
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Ewes that were d iagnosed as p regnant but were identified as  not lactating at ta i l ing 

accounted for 1 9 .5% of the total number of ewes present at  ta i l ing . L ive weight at mid­

p regnancy and ta i l ing,  and pregnancy rank  were related to the p robabi l ity of a ewe 

d iagnosed as  pregnant, lactating at ta i l ing (rearing a lamb; Table 3.3) .  For every 1 kg 

increase in l ive weight at mid-pregnancy, p regnant ewes were 1 .23 times more l ikely to 

be lactating at ta i l ing .  For every 1 kg increase in ewe l ive weight at ta i l ing ewes were 

0 .20 times less l ike ly to be lactating at ta i l ing .  Sing le-bearing ewes were 3 .09 times 

more l ikely to be rearing a lamb at ta i l ing than their twin-bearing counterparts. 

TABLE 3.3 The probabi l ity that a ewe, d iagnosed as p regnant at d79,  was lactating at 

ta i l ing ( d 1 9 1  ) : Regression coefficients, standard errors, odds ratios, 95% confidence 

intervals for the odds ratios, and p robabi l ity levels from log istic regression of l ive weight 

at mid-pregnancy (d 1 06 ) ,  l ive weight at lamb ta i l ing and pregnancy rank of Merino 

ewes (n=235) .  

Regression Standard Odds 95% Sign ificance 

coefficient error ratio confidence 

interval 

Live weight 

mid-pregnancy 0 .21  0 .064 1 .23 1 .09-1 .40 ** 

(kg) 

L ive weight 
-0.23 0 .059 0 .80 0 .7 1 -0.89 *** 

ta i l ing (kg) 

Pregnancy rank 

1 0 .56 0 .200 3 .09 1 .42-6 .7 1  ** 

2 0.0 1 .0 

* P<0.05 ;  ** P<0 . 0 1 ; *** P<0.00 1  

Live weight of  lambs at  wean ing was not affected by BCS of ewes at  any stage of the 

reproductive cycle. I n  contrast, a 1 kg increase in l ive weight of ewes at PO resulted in 

a reduction of 0. 1 7  kg in l ive weight of the lamb at weaning whi lst a 1 kg increase in  

ewe l ive weight at  mid-p regnancy resu lted in a 0 .21  kg increase in l ive weight of  the 

lamb at weaning (Table 3 .4) .  No other  l ive weights of the ewes were associated with 

l ive weight of the lambs at wean ing.  Ewes identified as sing le-bearing at PO reared 

ewe lambs that were heavier (P<0.00 1 ) at weaning than those born to ewes that were 

identified as mult ip le-bearing (27 .54 ± 0 .44 kg vs 2 1 .29 ± 0.63 kg) .  
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TABLE 3.4 Reg ression coefficients of ewe l ive weight at p regnancy d iagnosis (PO;  
d79)  and mid-pregnancy (d 1 06) and level of  sign ificance .  

Live weight PO (kg ) 0. 1 7  

Live weight mid-pregnancy 0 .21  

(kg) 

Regression 

coefficient 
* *  

** 

* P<O.OS; * *  P<0. 01 ; *** P<0.00 1 

Discussion 

Significance 

This study examined the relationship between l ive weight and body cond it ion score 

profi les of Merino ewes in the South Is land H igh Country and the i r  reproductive 

performance .  Reproductive performance was measured using the i nd ices of p regnancy 

d iagnosis data , the p robabi l ity of rearing at least one lamb through to tai l ing , and lamb 

weaning weight. 

The g reatest l ive weight occurred in  twin-bearing ewes in late-pregnancy, consistent 

with reports for Merinos in Austral ia (Waters et al. 2000). The l ive weight of twin­

bearing ewes subsequent to PO was l ike ly to be greater than sing le-bearing ewes due 

to the weight of the conceptus, rather than ewe l ive weight (evidenced by the decl ine in  

cond ition score in  late-pregnancy of twin-bearing ewes). Single-bearing ewes weighed 

less at breed ing,  pre-lambing and lambing ,  but weighed more at weaning than twin­

bearing  ewes, in  agreement with Waters et al. (2000) .  The size and t iming of l ive 

weight changes showed simi lar patterns to that reported in Austra l ian experiments 

(Waters et al. 2000 ; Kleemann et al. 2006) .  Ewes were of re latively low l ive weight and 

body condit ion at mating however made s ign ificant gains over the b reed ing period . The 

previous season had resulted in l imited feed lead ing up to mating ,  at which point ewes 

were put on a fresh b lock of land with a much greater level of feed.  This is the l ikely 

explanation for the increase in l ive weight and condition score over this period . In 

addit ion, the first cond ition score measurement was taken by a d ifferent person .  Being 

a subjective measure this may have influenced th is resu lt. 

The lesser l ive weight of sing le- compared with twin-bearing ewes at breed ing in the 

p resent study was also observed by Gonzalez et al. ( 1 997) .  Gonza lez et al. ( 1 997) 

reported an increase in cond ition score between breeding and PO,  which was 

proportionate ly more than the correspond ing changes in l ive weight. Body cond ition 

decl ined in late p regnancy, part icularly in twin-bearing ewes, consistent with resu lts of 

Copping and Hocking Edwards (2006) .  Twin-bearing ewes can suffer from below 
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adequate total l iveweight ga in ,  includ ing the conceptus.  Therefore it may be beneficial 

to feed ewes (particularly twin-bearing)  wel l  i n  the later stages of pregnancy.  This can 

min imise the loss in body cond ition that may resu lt from higher energy demands at th is 

t ime and improve twin ewe and progeny performance (Kenyon and Webby 2007; 

Toland Thompson et al. 2007) .  

There was no d ifference in  l ive weight or BCS at  breeding or P O  between ewes that 

were identified as either p regnant or non-pregnant at PD. In contrast, Gonza lez et al. 

( 1 997) and Waters et al. (2000) found ewe l ive weight affects p regnancy rates ,  wh i le 

Mc lnnes & Smith ( 1 966) showed no d ifference in  ! ive weight or cond it ion scoie at 

b reed ing between ewes that conceived and those that d id not .  Differences in l ive 

weight and body condition can genera l ly be attributed to n utrition (although not 

measured in th is experiment) .  

Ewes that were d iagnosed as p regnant but were not rearing a lamb at ta i l ing made up 

1 9 .5% of the total number of ewes a l ive at ta i l ing , this indicates that substantia l lamb 

losses occurred . The individual  causes of lamb losses were not assessed. However 

there were some pre-d isposing factors. Live weight at mid-pregnancy appeared to be 

important; ewes that were heavier mid-pregnancy were more l ikely to be lactating at 

ta i l ing ,  a result consistent with that of Behrendt et al. (2006a) .  These resu lts may 

ind icate that feed ing the ewe wel l  du ring early and mid-pregnancy to ensure a high l ive 

we ight at mid-pregnancy may increase the l ike l ihood of the ewe lactating at ( ind icative 

of rearing a lamb to) ta i l ing . The g rowth of a foetus in a sheep is control led by an 

interaction between the materna l  environment and the foetus (Gootwine 2005) .  This 

effects foeta l development and b i rth weight, and therefore lamb survival to weaning 

(Abbott et al. 2003).  Ewes scanned as sing le-bearing were th ree times more l ikely to 

be rearing a lamb at ta i l ing than twin-bearing ewes, which is further evidence for the 

need to ensure ewes are wel l  fed , particu larly twin-bearing ewes. There was a negative 

re lationship between l ive weight at ta i l ing and the probabi l ity of a ewe that was 

d iagnosed pregnant, lactating at tai l i ng .  Th is was p robably a consequence of, rather 

than a contributor to , it not rearing a lamb. Analysis fitted p regnancy status into the 

model to adjust for the d ifference in conceptus weight between singles and twins .  

L ive weight at  weaning is important i f  an imals are be ing p roduced for slaughter at that 

age (4-6 months of age) (Young et al. 1 965).  Ewe-lamb weaning weight was 

s ign ificantly affected by ewe l ive weight at p regnancy d iagnosis, such that a heavier 

ewe had l ighter lambs at weaning (d283). The outcome at p regnancy d iagnosis was 

fitted into the model so that the mode l  adjusted for the l ive weight d ifference between 
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sing les and twins. Lower lamb wean ing weights may have been as a resu lt of the ewe 

partition ing nutrients to its own benefit rather than to its foetus  as suggested by 

Wal lace ( 1 996). Ewe l ive weight at mid-pregnancy also affected lamb weaning weight, 

such that a heavier ewe had heavier lambs at weaning (d283). Munoz et al. (2008)  

observed g reater l iveweight ga in to  weaning from offspring bom to ewes offered a h igh 

p lane of  n utrition during early pregnancy, which was associated with a sign ificant 

decl ine in ewe l ive weight d u ring lactation ind icating h igh mi lk production and therefore 

producing heavier lambs at weaning.  This may have been the case in the p resent 

experiment, if the same response was observed sl ightly later in gestation . The study 

used Border Leicester x Scottish B lackface ewes which a re faster maturing than 

Merinos (Young et al. 1 965;  Dol l ing and N ico lson 1 967; Hocking Edwards  and 

Starbuck 2006).  Lamb weaning weight was influenced by p regnancy rank ,  with the 

heavier lambs being those born to sing le-bearing ewes, and the l ighter lambs born to 

twin-beari ng ewes, a lso shown by Behrendt et al. (2006b) and Copping and Hocking 

Edwards (2006) .  This resu lt is to be expected due to the h igher energy demands of 

twins and the ewe's inabi l ity to produce twice as much mi lk to meet these demands 

(Kenyan and Webby 2007) .  

I n  conclus ion, these resu lts ind icate that ewes that a re heavier at mating are more 

l ikely to be d iagnosed pregnant with twins.  The consequence of bearing twins is 

decreased ewe body condit ion score in late p regnancy, lower wean ing weights of their 

lambs and less chance of their  lamb/s surviving to ta i l ing .  Ensuring good nutrition 

throughout pregnancy would be of part icu lar  benefit to twin-bearing Merino ewes to 

counteract these effects which may be detrimenta l in  the fo l lowing mating.  Sing le­

bearing ewes wil l  a lso benefit, prod ucing heavier lambs at weaning that have a good 

chance of surviva l .  There is a possib i l ity of futu re work investigating the influence of 

Merino ewe nutrition on these factors under New Zealand g razing cond itions. 
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Chapter 4 

The effect of mules ing Merino lambs 
on productive outputs 
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Introduction 

Mu lesing is a widely used method for the contro l of b lowfly strike in the New Zealand 

Merino industry. However, the costs of mulesing to production a re re latively unknown.  

Mu lesing is the correction of  a fault in  the Austra l ia n  Merino flock that resu lted from the 

introduction of the 'super-wrinkly' Vermont Merinos in the late 1 91h centu ry (Townend 

1 987). Mulesing is  a surg ica l  techn ique that was d eveloped by J . H .W Mules of South 

Austra l ia as a means of de-wrinkl ing the b lowfly strike susceptible breech a rea of the 

sheep (Beveridge 1 984 ). 

Mulesing has recently come u nder scrutiny from animal welfare groups, th reaten ing 

Merino wool markets (Scobie et  al. 2005 ; Davidson et al. 2006) .  These g roups have 

specifica l ly ta rgeted the use of mulesing for blowfly strike prevention ,  causing 

Austral ian Merino wool p roducers to phase out the practice by 20 1 0. Wool g rower levy 

bodies, such as Austra l ian Wool Innovation are conducting research into a lternatives to 

mulesing (Pal  mer 2004 ) .  Markets suppl ied by the New Zea land Merino wool industry 

a re demanding non-mu lesed wool , and therefore information about the effects of 

mulesing on production would be benefic ial  to help growers make informed decisions 

about future use of the practice . 

Mulesing has a number of detrimental effects associated with it. Mulesing p roduces an 

i ncreased cortisol response, wh ich represents a pa in response, that pers ists for 24-48 

hours (Lee a nd Fisher 2007). In add ition there a re behavioura l  changes that ind icate 

pain and d iscomfort as a result of mulesing . Research has shown that these resolve 

with in 24 and 48 hours ,  respective ly. Also ind icative of pain a re reductions in we ight 

gain, which may persist for 1 4  days fol lowing mu lesing (Lee and Fisher 2007) ,  a lthough 

mulesing has been shown to increase long-term l ive weight and fleece weight (Anson 

and Beasley 1 975) .  Live weight red uctions a re a stress response and result in reduced 

nutrient supply. This tends to resu lt in reduced f ibre d iameter and a wea ker  reg ion in  

the staple because of the lower levels of kerati n  material p resent in the fib re (Reis 

1 992; Butler 1 994 ) .  Another effect is that fresh ly-mulesed lambs become suscept ib le to 

blowfly strike p rior to the skin heal ing (Pearse and Peucker 1 99 1  ) . 

Although the costs of flystrike a re wel l  known i n  the Merino industry, there is  very l ittle 

data avai lab le on the effects on l ivestock produ ction of mulesing in New Zealand . This 

research was carried out to examine the effects of mu lesing on lamb l iveweight ga in ,  

l ive weight and dag score from ta i l ing to hogget sheari ng; and fleece characteristics. 
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Materia ls and Methods 

An imals and treatments 

Lambs 

Of the 1 28 ewe lambs born (refer to materials and methods in Chapters 2 and 3) ,  60 

were randomly selected at d 1 91 at approximately six weeks of age and assigned to the 

'mu lesed ' treatment g roup .  They were mulesed fol lowing the mod ified mulesing 

procedu re ,  which involves the removal of a strip of skin from the centre of the ta i l ,  with 

the cut sta rting level with the bottom of the vulva (Luff 1 976) .  The remaining 68 ewe 

lambs were assigned to the 'non-mu lesed ' treatment group.  

Measure ments 

Ewes 

Ewes were weighed and body cond ition score assessed after approximate ly 4 hours off 

pastu re on dO,  d79, d 1 06 ,  d 1 41 , d 1 9 1 , and d283. To adjust for d ifferent shearing t imes, 

fleece weight was recorded and added to subsequent l ive weights . 

Lambs 

Lambs were weighed after approximately 4 hours off pasture on d 1 91 , d283,  d359 and 

d499. At d 1 9 1 lambs were g iven a subjective wrinkle score using a visua l  assessment 

of the i r  entire body (Scob ie et al. 2005) .  Scores ranged from 1 ;  completely pla in ski n ,  

through to  5; a large number of p rominent ribs. Figu re 3 . 1  (Chapter 3) shows a 

se lection of lambs from the experiment and the i r  al located wrinkle scores.  

Dag score was visual ly assessed on d283, d359,  d499 and d588 with scores ranging 

from 0 (no dag) to 5 (heavy dag) (Larsen et al. 1 994) (F igure 3 .2 ;  Chapter 3) .  

Al l  ewe lambs were ta i led us ing a gas-heated tai l ing i ron and a d icyclan i l-based insect 

g rowth regu lator (Ci ik ,  Novartis) was appl ied to the i r  backs and docked ta i l .  Lambs that 

were m u lesed had a lcohol-based iodine appl ied to the wounds. Al l  lambs were 

d renched with se len ium.  Lambs were weaned at approximately 1 30 days o ld (d283) .  

At  approximately 7 months of age (d360),  a 50g mid-side wool sample was collected 

from the right side of the lamb for fibre d iameter, colour and wash ing yield 

measurements. The wool  was cl ipped as close to the skin as  possib le using Oster 
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cl ippers with number 1 0  blades and the skin was stretched out by a second person to 

min imise cuts due to skin wrinkles. 

Lambs were shorn at approximately 1 year of age (d499) .  Fleeces were weighed and 

classed into sa le l ines (Table 3.2; Chapter 3) by a reg istered classer. A mid-side woo l  

sample was col lected for length and strength analysis. 

Animals were managed on Lincoln U n iversity's Mt Grand Station ,  Hawea Flat, New 

Zea land under standard farming practices .  The experiment was conducted accord ing 

to protocols approved by the Massey U niversity Animal  Ethics Committee. 

Laboratory methods 

Wool samples were cond itioned at 20°C and 65% re lative humid ity for 1 68 hours p rior 

to a 50g sub-sample being co l lected from each sample.  The sub-sample was weighed 

then scoured in a 4-bowl sample scour. These scoured samples were then cond itioned 

for a further 72 hours and and re-weighed. Washed yield was ca lcu lated using the 

fo l lowing equation :  

01 . Id 
weight of greasy sample 1 00 

;o yze = x -

weight of scoured sample 1 

Following scouring , a 1 Og sample was taken and put through a two-d rum hand­

operated card three t imes. Any excess vegetable matter was removed . 

Carded samples were then measured for colour (Y-Z) using a HunterLab ColourQuest 

to the New Zealand Standard for the measurement of colour (SANZ 1 984) 

(NZS8707 : 1 984) and fibre d iameter in m icrons using the OFDA1 00 ( IWTO 1 998) .  

Mid-side wool  samples col lected at d499 were sent to the New Zea land Wool Testing 

Authority, Napier, New Zealand to be analysed for length and strength using ATLAS 

(Automatic Tester for Length and Strength) ( IWT0-7 and 1 7  respectively) .  The test 

uses staples (n=5) d rawn from the mid-side wool sample, and measu res the length of 

the sampled staples, the ir  strength, and the position at which the staples break. 

Statistical analyses 

All statistical analyses were carried out using SAS (Statistica l Analysis System ,  version 

8 .2 ;  SAS Institute Inc . , Cary, NC, USA, 2001 ). The effect of mulesing on average dai ly 

l iveweight ga in (adg; calcu lated by l ive weight at d499 minus l iveweight at d 1 9 1  d ivided 
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by the number of days) and l ive weight at d 1 91 , d283, d359, d499 and d 588 was 

ana lysed using the M IXED procedure with a l inear  model that included the fixed effects 

of m u lesing treatment, dam shearing treatment, year of b i rth of ewe , wrinkle score , 

pregnancy rank, dag score at d283 d359, d499 and d 588; and the random effect of the 

s i re of the lamb. L ive weight of ewes at dO, d79,  d 1 06 ,  d 1 41 , d 1 9 1 , and d283; and l ive 

weight of lambs at d 1 9 1 ,  d283, d359 and d599 were fitted as covariates where 

ind icated . 

Dag score was analysed as a repeated measure using the MIXED procedure with a 

l inear model . The fixed effects of mu lesing treatment, day of measurement, wrinkle 

score ,  interactions of wrinkle score with treatment and day of measurement with 

treatment; and the random effect of ewe were conside red . 

The effect of mu lesing on fleece fibre d iameter, colour and yield at d360; and fleece 

weight, staple length and staple strength at d499 was analysed using the M IXED 

procedure with a l inear model that included the fixed effects of mu lesing treatment, 

dam shearing treatment, wrinkle score , year of birth of ewe and p regnancy rank,  and 

the random effect of sire .  

The effect of mulesing on fleece class at d499 was analysed using the G E N MO D  

procedure with a l inear model  that considered the fixed effect of mu lesing treatment. 

Non-sign ificant (P>O.OS) variables were removed from each mode l  to determine f inal 

solutions; sign ificant effects are detai led in the resu lts. Not a l l  an imals had records for 

a l l  parameters , so analyses were conducted on as many records as were avai lable 

(numbers in each ana lysis a re shown ). 

Results 

Liveweight gain and live weight 

The l iveweight ga in from d 1 91 through to d359 d id not d iffer between mulesed and 

non-mu lesed lambs (1 06 g/day ± 2 vs. 1 03 g/day ± 2)  and the l ive weight at d283, d359 

a nd at d499 of lambs did not d iffer (P<O.OS)  between mulesing treatments (F igure 4 . 1  ) .  

S ing le-born lambs were heavier than their twin-born counterparts (P<O .OS)  at d 1 91 

(ta i l ing)  and d283 (weaning) ;  fo l lowing this there was no d ifference .  
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F IG U RE 4 . 1  The l ive weight profi le using least squares means and standard errors of 
the means at ta i l ing (d 1 9 1 ) , weaning (d283) , biopsy (d359) and shearing (d488) of 
Merino lambs that were mulesed (-+-) or non-mulesed ( - · · • · · - ) . 

Dag and Wrinkle Score 

Figure 4 .2  shows a profi le of dag scores of lambs throughout the experiment. Dag 

scores at d283 and d499 did not d iffer between mulesing treatments. Dag scores at 

d359 and d 588 were greater in non-mu lesed lambs than in mu lesed lambs (P<O.OS) .  

There was a positive relationsh ip between wrinkle score and dag score with dag score 

increasing with increasing wrink le score .  There was no interaction between mulesed 

treatment and wrinkle score for dag score . 
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FIGURE 4.2  The effect of mu lesing on dag scoie for mu lesed ( · · · • · · · ) and non-mu lesed 

(-•-) Merino ewe lambs at wean ing (d283), 7 months of age (d359), shearing (d499) 

and crutch ing (d588) (n=1 1 9) using least squares means and standard errors of the 

means. Data points with a * d iffer sign ificantly (P<O.OS). 
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Fleece characteristics 

Mulesing had no effect on fibre d iameter, co lour, stap le length, staple strength, fleece 

weight or fleece class (Table 4. 1 and 4 .2) .  Wash ing yield tended to be g reater in non­

mulesed lambs compared with mu lesed lambs. There was a relationship between 

wrinkle score and fleece weight, with a genera l  trend of an increase in  wrinkle score 

giving an increase in fleece weight (see Chapter 3 - Table 3.3) .  S ing le-born lambs had 

heavier fleeces than twin-born lambs (see Chapter 3 - Table 3.3) .  

TABLE 4 . 1  The effect of mulesing Merino ewe lambs on the y ie ld ,  fibre d iameter and 

co lour of fleece wool at d360. 

Fibre measurement n Mulesed Non-mulesed S ignificance 

Yield (%)  96 70.42 ± 0 .78 72.0 1 ± 0.73 0 .0861 

Fibre Diameter (1-J m)  89  1 7 .69 ± 0 .34 1 7 .68 ± 0 .33 N S  

Colour (y-z) 96 0 .0089 ± 0 . 1 6  0 .029 ± 0. 1 5  N S  

NS-Non-significant 

TABLE 4.2 The effect of mu lesing Merino ewe lambs at their first shearing (d499) on 

staple length, staple strength , fleece weight and fleece l ine. 

Fibre measurement n Mulesed Non-mulesed S ign ificance 

Staple length (mm) 95 

Staple strength (N/kt) 95 

Fleece weight (kg ) 95 

Fleece l ine 95 

NS-Non-sign ificant 

Discussion 

69.62 ± 1 .23 

39. 1 2  ± 1 . 73 

2 .44 ± 0 .076 

4 .38 ± 0 .31  

68 .57 ± 1 . 1 4  

39.39 ± 1 .6 1  

2 .35 ± 0.074 

3 .76 ± 0 .29 

NS 

NS 

NS 

NS 

The present study examined the effect of mulesing ewe lambs at  ta i l ing (d 1 91 ) on the i r  

subsequent l ive weight, dag score and wool characteristics to d 588. 

Mulesing had no effect on l iveweight gain or l ive weight. This suggests that any 

potential stress effect on l iveweight gain from mulesing is a short-term effect that has 

been compensated for prior to wean ing (d283) .  Rose et al. ( 1 972) reported a 

depressed l iveweight gain during the 1 0  days after the mulesing operation .  Following 

this period however, mulesed sheep g rew faster than non-mu lesed an imals and at 6 

months of age there was only a sl ight d ifference in average l ive weight. Rose et al. 

( 1 972) found that a depressed l iveweight gain as a result of mu lesing was most marked 

in very wrink led lambs. No such result was found in  th is experiment. 
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The aim of mu lesing is to remove the skin a round the crutch a rea to reduce dag 

formation in  o rder to prevent flystrike. Therefore i t  should be expected that non­

mu lesed animals have a higher dag score than mulesed. The d ifference was not 

a pparent in the current experiment unti l  d359 (7 months of age) .  This resu lt agrees 

with the find ings of Richardson ( 1 971 ). The d ifference had d isappeared by d499 ,  

however, b y  crutch ing time (d588) ,  the mu lesed lambs were less daggy aga in .  A 

potentia l  explanation for this is re lated to nutrition d ue to the level of d igestib le fib re 

changing th roughout the year. When d igestible fibre is h igh ,  dag formation tends to be 

low (Davidson et al. 2006). Dag formation was higher in non-mu lesed an imals 

compared to m ulesed animals in  early-autumn and early-spring when the pastu re is  

low in functiona l  f ibre (B innie and E l l iott 1 986; Campion and Leek 1 997) .  

The breech reg ion of wrinkly sheep is h ighly prone to soi l ing by u rine and faeces 

consequently attract ing blowfl ies (Anson and Beasley 1 975 ; Luff 1 976) .  In the p resent 

experiment there was a positive correlation between wrinkle score and dag score . This 

agrees with fa rmer perception that suggests the wrinkl ier the lamb the higher the 

susceptib i l ity to dags and thus to b lowfly strike . This has resulted in many farmers only 

mu lesing the "very wrin kly" lambs (wrinkle score of approximately 4-5 ) .  The find ings of 

Heath and B ishop (2006) show that there is strong positive relationsh ip between dags 

and blowfly stri ke . The lack of an interaction found i n  the present experiment suggests 

that mu lesing reduces wrinkles a round the b reech and therefore the dags and 

potentia l ly the susceptib i l ity to flystrike. Whether  mu lesing only the very wrinkly lambs 

is justified wi l l  d epend on the shape of the re lationship between dag score and the 

susceptib i l ity to flystrike . 

In  the present study there was a pos itive phenotypic re lationship between wrinkle score 

and fleece weight, with an increasing wrinkle score correspond ing to an increased 

fleece weight. This agrees with the fi nd ings of Walkley and Ponzon i  ( 1 984);  Raadsma 

( 1 993); Cloete et al. (2005) ;  and Scobie et al. (2005) who investigated phenotypic 

corre lations between wrinkle score and greasy fleece weight. However, se lection for 

increased wrinkles as a means of increasing fleece weight may not be desirable owing 

to the positive re lationship between wrinkles and dag score, thus increasing the 

susceptib i l ity of the an imal  to fly strike. 

Stap le length , stap le strength and fleece weight a re affected by changes in  nutrient 

a l location (stress) (Re is 1 992; Butler 1 994 ) .  As no growth check d ue to mulesing was 

obse rved, there wou ld be no expectation of a staple length , stap le strength or fleece 

weight d ifference between the two treatment g roups.  Although there was a tendency 
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for washing yield to be g reater in  non-mu lesed lambs, the biolog ical explanation for this 

is  obscure ;  therefore this tendency is most l i kely to be a chance event. Colour  was 

u naffected by mulesing, which is to be expected g iven that colour is largely inf luenced 

by season rather than stress effects as shown by Reid et al. ( 1  976) .  Fleeces in  this 

study were subjectively classed into sale l ines based on fibre d iameter, staple length , 

and colour. As none of these were affected by mulesing there wou ld be no expectation 

of a d ifference in classed l ine . 

I n  conclusion the practice of mu lesing has been justified as a means of reducing dags 

in order to min imise or e l iminate the risk of b lowfly strike. In  th is  experiment, mu lesing 

Merino lambs appeared to have l ittle effect on l iveweight gain, l ive weights, and fleece 

characteristics. These resu lts show l ittle productive cost due to mulesing , but a reduced 

dag score was achieved throughout most of the in it ia l  year, which may reduce the 

incidence of b lowfly stri ke. Based on the resu lts of th is experiment, mu lesing cou ld be 

justified only on the basis of protection against b lowfly strike due to the reduction in 

dags.  The less wrinkly the lamb,  the lower its dag score . However, no interaction 

between mulesing and wrinkle score was apparent.  
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Chapter 5 

Industry implicat i ons and 
recom mendations 
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Three management p ractices that a re currently infl uencing the New Zealand Merino 

Industry which can be manipu lated are - shearing-time d u ring pregnancy to man ipu late 

wool g rowth, the management of l ive weight and body condition score to influence 

reproductive performance,  and mulesing which is threatening the marketab i l ity of New 

Zealand fine wool .  Manipu lating wool g rowth through management as opposed to the 

use of genetics p rovides a re latively qu ick response and can be add itional  to the 

response from selection . The wool p roduced by Merinos is an important contributor to 

the New Zealand economy, with the wool cl ip from the 2007/2008 season va lued at 

nearly 200 mil l ion dol lars (Ovens Pers comm. 2008) .  The g reater emphasis on meat 

production from Merinos in recent years is also of h igh importance with regards  to 

reproductive performance. Profitab i l ity for Merino farmers comes from strong markets, 

low fibre d iameter and lamb production . This section aims to d iscuss the potential 

financial  impl ications of the experiments carried out to i nvestigate these parameters . 

Time of shearing 

Lambs whose dam was shorn post- lambing had a g reater fo l l icle density, tota l skin 

fol l icle number index and secondary fol l icle number index than lambs whose dam was 

shorn mid- or late-pregnancy. These resu lts suggest that there may be financial va lue 

to shearing ewes post-lambing provid ing the increase of secondary fol l icles was g reat 

enough to reduce the fibre d iameter and at least ma intain fleece weight. However, 

shearing time had no influence on fleece characteristics or l ive weight,  possibly d ue to 

an absence of response in Merinos compared to coarse-wool b reeds as previously 

suggested . lt cou ld potential ly a lso have been due to the ewe not having the n utrients 

req u i red to respond to shearing d u ring foetal g rowth and fibre deve lopment, instead 

partition ing nutrients for her own benefit or not having add itional nutrients for 

themselves and/or the fetus. This wou ld be worth investigating in the futu re , particu larly 

as there was a fol l ic le response to shearing ,  suggesting some change in foeta l 

development. A more control led study with Merinos (possibly housed ) to mon itor intake 

and assess the fetal fol l icle development wou ld clarify some of the q uestions ra ised by 

th is research . 

In the present study, the h igher the wrinkle score of the an imal ,  the h igher the 

secondary to p rimary fol l icle ratio, total fol l ic le density, secondary fol l icle density, 

secondary fol l ic le n umber index, primary fo l l ic le n umber i ndex, total fo l l icle number 

ind ex, and fleece weight. Therefore , increasing the wrinkl iness of sheep in the flock 

may resu lt in an increased fleece weight, and may potentia l ly resu lt in a redu ced f ibre 

d ia meter as ind icated by the increased skin fol l icle n umber index. 
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Thus,  shearing post-lambing and increasing wrinkles cou ld increase profit by red ucing 

fib re d iameter and increasing fleece weight, thereby p roducing a wool c l ip of h igh 

value. 

Ewe l ive weight and body condition 

Mainta in ing high ewe l ive weight and body cond ition throughout p regnancy can resu lt 

in  h igh lamb survival to at least tai l ing and h igher  weaning weights compared to l ighter 

ewes.  The heavier ewes were at mating the higher the l ike l ihood of them becoming 

p regnant with twins. Body cond ition of twin-bearing ewes began to decl ine i n  late­

p regnancy although it recovered by weaning of the ir  lambs. 

S ing le-bearing ewes were 3 t imes more l ikely to be lactating at ta i l ing ( ind icative of 

them reari ng a lamb at this t ime) ,  than twin-bearing ewes. Sing le-born lambs were a lso 

heavier at ta i l ing and weaning and had heavier hogget ( 1  yea r  o ld)  fleeces than twin­

born lambs. 

This suggests separating twin-bearing ewes to enable preferential feeding levels in 

order to mainta in body condit ion may be of a productive advantage .  Having a high 

lamb l ive weight at weaning wi l l  ensure h igh p rices paid for lambs and therefore 

increased va lue .  Futu re investigations into the productivity of twin-born Merino lambs, 

and the use of terminal  s ires cou ld be of va lue to the industry. 

Mulesing 

Merinos are mulesed in order to min imise the wrinkles over the breech, therefore 

reducing the susceptib i l ity to u rine sta in ing ,  sweating and faecal sta in ing which 

min imises the risk of blowfly strike (Luff 1 976) .  There was no effect of mu lesing lambs 

on l iveweight ga in ,  l ive weight or fleece characteristics; suggesting no productive cost 

to mulesing . Dag score increased with increasing wrinkle score ,  suggesting increased 

susceptib i l ity to blowfly strike . Mu lesing reduced dag score , a lthough not consistently. 

Mulesing cou ld be beneficial in red ucing dags and therefore the susceptib i l ity to blowfly 

strike, a lthough not for any other productive ga in .  The advantages, p reviously 

d iscussed , for having animals with high wrinkle score may not actual ly be beneficia l 

overa l l  if they become struck more frequently. As mu lesing is due to be phased out in  

201 0 , future research should investigate alternative method s  to b lowfly stri ke contro l  

that are as effective as mulesing . 
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