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ABSTRACT 
The objectives of the studies conducted in this thesis were to improve knowledge of 

pregnant and lambing Merino ewes sheltering behaviour and to investigate an 

alternative means of moving sheep flocks within paddocks or to protected areas. 

Animal collar tracking devices with global positioning system (GPS) capabilities 

enabled continuous, unobtrusive tracking of sheltering behaviour throughout two 

lambing seasons in two nearby paddocks. Behavioural measures such as shelter-

seeking was observed throughout the two experimental years and in both paddocks. 

The ewes consistently used shelter more than expected and more than the 

remainder of the paddock which was devoid of shelter.  Extensive use of the leeward 

and windward side of shelter during high sheep chill days, suggests there may be 

wellbeing issues associated with inadequate provision of shelter for sheep 

throughout the year. Night camping in this study did not occur at the highest altitude, 

but rather at a high altitude where shelter was located. Bayesian change-point (bcp) 

analysis successfully identified change-points (reduced velocity) that could be 

associated with lambing in the majority of the closely monitored ewes. Based on this 

analysis the time period of morning grazing appeared to be the best in which to 

identify lambing. The feasibility of training Merino sheep and using these trained 

sheep to move flocks of naive sheep was also investigated. The sheep learned to 

approach the visual, auditory and visual+auditory stimuli and T-maze tests indicating 

that the sheep retained memory of the cues for over 130 days without reinforcement. 

The sheep were able to transfer the learned task from a familiar location to a novel 

one. Individual temperament of these animals was not related to their learning. This 

study demonstrated that sheep trained to respond to a stimulus do provide 

leadership when mixed with naive sheep flocks causing a flock to rapidly change 

position to congregate around an activated stimulus. These findings suggest that 

trained animals could be used to manipulate animal movement for farm management 

purposes such as movement to shelter. 



   

v 
 

TABLE OF CONTENTS 
 

Title Page i 
Declaration ii 
Acknowledgements iii 

ABSTRACT iv 
Table of Contents v 
List of Figures viii 
List of Tables  xi 
 
  

GENERAL INTRODUCTION 1 
  
CHAPTER ONE  

UTILIZATION OF PADDOCK SPACE BY SHEEP 2 

Home range 2 
Circadian patterns of grazing, resting and ruminating 3 
Availability of water 5 
Paddock slope, altitude and shade 6 
Impact of social organization 6 
Gregariousness and sub-grouping behaviour 7 
Leader-follower behaviour 8 
Effects of weather and weather associated behaviour 11 
Radiation and temperature 11 
Wind, rain and temperature 14 
Shade and shelter seeking behaviour 17 
Lamb losses due to hypothermia 19 
Shorn seep losses due to hypothermia 19 
Management options to reduce effects of weather 
 

20 
 

RESEARCH PLAN 23 
References 24 
 
  

CHAPTER TWO  

GPS OBSERVATION OF SHELTER UTILIZATION BY MERINO 
EWES 33 

Introduction 34 
Materials and Methods 36 

Location 36 
Paddocks 37 
Weather equipment 39 
Weather data 40 
Animals and animal care 41 



   

vi 
 

GPS collar application 42 
GPS data 43 
GPS shelter classification 44 
Statistical analysis 47 

Results 48 
     Paddock weather variations 48 

Sheep grazing velocity is reduced at lambing 48 
Sheep shelter use 57 
Sheep location is related to temperature variations 58 
Sheep location is related to altitude variations 60 
Sheep use leeward shelter during high sheep chill 62 
Shelter use changes after lambing 68 
Shelter use in the first and last 5 days of the experiment 71 

Discussion 71 
References 77 
Appendix 1 83 
Appendix 2 84 
 
  

CHAPTER THREE  

THE IMPACTS OF SPATIAL CUES AND MEMORY WHEN TRAINING 
MERINO SHEEP TO RESPOND TO A VISUAL AND AUDITORY 
STIMULUS. 

85 

Introduction 86 
Materials and Methods 88 

Study location 88 
Animals and animal care 88 
Ethics 89 
Spatial memory experiment 89 
Temperament experiment 92 
Visual /auditory training experiment 93 
Statistical analysis 97 

Results 97 
Spatial memory experiment 97 
Temperament experiment 98 
Visual/auditory training experiment 98 

Discussion 101 
References 105 
 
  

CHAPTER FOUR  

EFFECTS OF FLOCK SIZE, PADDOCK COMPLEXITY AND TIME OF 
DAY ON RESPONSE TO TRAINED LEADERS. 108 

Introduction 109 
Materials and Methods 110 

Ethics 110 
Study location 110 



   

vii 
 

Animals details and allocation 111 
Animal management 111 
Stimulus Apparatus 112 
Phase 1 - Open paddock during the day (OP) 115 
Phase 2 – Complex paddock during the day (CP) 116 
Phase 3 – Complex paddock at night (CPN) 116 
Statistical analysis 118 

Results 118 
Phase 1 118 
Phase 2 120 
Learning 120 
Phase 3 121 
Contrast for paddock complexity (OP vs. CP vs. CPN) 122 

Discussion 125 
References 128 
 
  

CHAPTER FIVE  

GENERAL DISCUSSION 131 

Main findings 131 
Future research 133 
  
CONCLUSION 134 
References 135 
 
  

CHAPTER SIX  

CONSOLIDATED REFERENCE LIST 137 

  
CHAPTER SEVEN  

List of publications 156 

Peer reviewed scientific journals 156 
Peer reviewed conference abstracts 156 
Other publications 157 

 
 



   

viii 
 

 
LIST OF FIGURES 

 
CHAPTER ONE  
  
Figure 1.1 Allelomimetic or following behaviour in Merino ewes. 9 
  
Figure 1.2 Sheep field of vision, showing binocular and panoramic 
  vision enabled by the lateral position of the eyes. 

10 

  
Figure 1.3 Acquired heat (radiation) load and emitted heat loss of 
  sheep in the field. 

14 

  
Figure 1.4 Wind affect on sheep wool (5 cm staple length). 15 
 
 

 

CHAPTER TWO  
  
Figure 2.1 Chain of Ponds and Dads Hill paddock maps showing 
  position of shelter belts, free standing trees, water and 
  topography. 

38 

  
Figure 2.2 Temperature loggers (iButtons) in pouch suspended inside 
  screen within the paddock. 

39 

  
Figure 2.3 EnviroStation weather stations within the paddock. 40 
  
Figure 2.4 GPS collars on the shorn ewes. 43 
  
Figure 2.5 Chain of Ponds and Dads Hill paddocks with 10m x 10m 
  grid and paddock category poly-lines. 

46 

  
Figure 2.6 Mean daily velocities (m/s) for 10 pregnant grazing ewes 
  fitted with GPS collars in spring 2008 during three different 
  activity periods a) 0500-1159h b) 1200-1859h c) 1900-
  0459h. 

49 

  
Figure 2.7 Mean daily velocities (m/s) for 10 pregnant grazing ewes 
  fitted with GPS collars in spring 2009 during three different 
  activity periods a) 0500-1159h b) 1200-1859h c) 1900-
  0459h. 

50 

  
Figure 2.8 Bayesian change-point analysis of mean daily velocities 

(m/s) for 5 pregnant grazing fine-wool Merino ewes 
lambing in Spring 2009 with known lambing days. Top 
panel: mean daily velocities between 0500 and 1159h (●), 
mean between days (____), posterior mean velocity (----). 
Bottom panel: posterior probability (____), change-points 
(----). 

55 



   

ix 
 

  
Figure 2.9 Plot of observed lambing day against Bayesian change-
  point predicted lambing day for 5 pregnant grazing fine-
  wool Merino ewes during the activity period 0500-1159h in 
  spring 2009 

56 

  
Figure 2.10 Sheep distribution in Chain of Ponds paddock at night 

during HSCE (A) and HSCW (B). 
66 

  
Figure 2.11 Sheep distribution in Dads Hill paddock at night during 
  HSCE (A) and HSCW (B). 
 

67 

  
Figure 2.12 Sheep distribution in Chain of Ponds paddock 2009, 5 
  days before lambing (A) and 5 days after lambing (B). 

69 

  
Figure 2.13 Sheep distribution in Dads Hill paddock 2009, 5 days 
  before lambing (A) and 5 days after lambing (B). 

70 

 
 

 

CHAPTER THREE  
  
Figure 3.1 Diagrammatic representation and dimensions of training 
  area. 

90 

  
Figure 3.2 PVC troughs used for the target and decoy troughs. 90 
  
Figure 3.3 Trough locations on test days. Each colour and shape 
  represents the three decoy troughs added each test day 
  and ‘x’ represents the trained target trough position. 

91 

  
Figure 3.4 Isolation box and flight speed race. 92 
  
Figure 3.5 Diagrammatic representation of the training area and the 
  three potential visual/auditory stimulus locations. 

94 

  
Figure 3.6 a – front of stimulus / feeder. 
  b – back of stimulus / feeder. 

94 

  
Figure 3.7 a – T-maze dimensions and testing in action 
  b – Diagrammatic representation of the T-maze 

95 

  
Figure 3.8 Average proportion of sheep (n=11) that chose the target 
  trough (representing spatial cue) over the decoy troughs 
  (representing visual cues). 

98 

  
Figure 3.9 Proportion of sheep making correct choices in the long 
  and short-spaced T-maze tests for different days post  
  training (DPT). 

99 



   

x 
 

  
Figure 3.10 Decision time in T-maze tests (60 seconds = no choice 
  made). (31+ days separating each of T-maze 1,2,5, and 6 
  test dates, and 3 or less days separating T-maze 3 and 4 
  test dates). 

100 

 
 

 

CHAPTER FOUR  
  
Figure 4.1 Visual+auditory stimulus paddock set up. 112 
  
Figure 4.2 Visual+auditory stimulus cable coverings to prevent sheep 
  chewing. 

113 

  
Figure 4.3 Three complex paddocks day and three complex  
  paddocks night. 

114 

  
Figure 4.4 Hessian barriers added to paddocks for CP tests. 115 
  
Figure 4.5 Photograph of the UNEtracker GPS collar on shorn sheep. 117 
  
Figure 4.6 Number of naïve sheep exhibiting lupin eating behaviour 
  after 6 test events. 

121 

  
Figure 4.7 Mean time for the SM sheep to reach the stimulus in the 
  OP, CP and the mean time for the SM collard sheep to 
  reach the stimulus in the CPN. 

122 

  
Figure 4.8 Small mobs (SMs) mean velocity at 5 minute intervals pre 
  and post stimulus activation over 6 experiments (1 to 6). 
  CPN = complex paddock night in C1 (creek 1 paddock), 
  C2 (creek 2 paddock) and C3 (creek 3 paddock). 

123 

  
Figure 4.9 The mean time for the SM to reach the stimulus in the 
  complex paddock night when the stimulus was in view or 
  out of view from the night camp sight. 

124 

  
Figure 4.10 The mean velocity for the SM to approach the stimulus 
  over the 6 CPN experiments. 

124 

  
 



   

xi 
 

LIST OF TABLES 
 
CHAPTER TWO  
  
Table 2.1 Weather variations between Chain of Ponds (COP) and 
  Dads Hill (DH) paddocks. 

47 

  
Table 2.2 Estimated posterior mean velocities (m/s) before and after 

the estimated change-point and the estimated day of 
change-point for grazing pregnant ewes in 2008. 

52 

  
Table 2.3 Estimated posterior mean velocities (m/s) before and after 

the estimated change-point and the estimated day of 
change-point for grazing pregnant ewes in 2009. Sheep 1 
to 5 were closely monitored for lambing date. 

53 

  
Table 2.4 Percentage of shelter usage and patterns of use in Dads 

Hill (DH) and Chain of Ponds (COP) for shelter categories 
in 2008 and 2009 (symbols indicate relative use compared 
to expected random distribution). 

58 

  
Table 2.5 Shelter category use during cold, moderate and warm 

temperatures in 2008 and 2009. 
59 

  
Table 2.6 Multiple regression of relative contribution of temperature 

average, altitude and distance to shelter (m) to predicting 
sheep counts in 2008 and 2009. 

61 

  
Table 2.7 Correlations among the main variables shelter categories, 

distance to shelter, average temperature and altitude in 
2008 and 2009. 

62 

  
Table 2.8 Chain of ponds ewe counts within 10m of particular 

sectors of shelter during high sheep chill east wind 
(HSCE), high sheep chill west wind (HSCW) and low 
sheep chill west wind (LSCW) in 2008 pre-lambing. 

64 

  
Table 2.9 Dads Hill ewe counts within 10m of particular sectors of 

shelter during high sheep chill east wind (HSCE), high 
sheep chill west wind (HSCW) and low sheep chill west 
wind (LSCW) in 2008 pre-lambing. 

65 

  
Table 2.10 Shelter use patterns in DH and COP higher or lower than 
  expected 5 days before and 5 days after lambing in 2008 
  and 2009 

68 

 
 
 
 

 



   

xii 
 

CHAPTER THREE  
  
Table 3.1 Details of animal experiments and trial timeline. 89 
 
 

 

CHAPTER FOUR  
  
Table 4.1 Behavioural responses of flock to stimulus for small,  
  medium and large mobs in the open paddocks (OP) and 
  small and large mobs in the complex paddocks (CP)  
  during morning grazing (AM) and afternoon grazing (PM). 

119 

  
 

 




