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Abstract 

 

In the dairy industry calves are most frequently artificially reared in groups, which 

create a greater opportunity for solid feed consumption and non-nutritive oral 

behaviour. This study aimed to compare the effect of differing solid feed diets on the 

pre- and post- weaning feed intake, growth rate and oral behaviour of calves reared 

artificially in groups. This experiment was a randomised block design with the 

treatments diets allocated at random, in blocks. The research was completed at 

Massey University’s dairy calf unit #4 and involved 108 Friesian and Jersey x 

Friesian dairy calves that were allocated to one of three treatment diets: lower forage 

(LF) alfalfa total mixed ration (TMR); a higher forage alfalfa (HF) TMR; and perennial 

ryegrass hay along with a pelleted starter (HPS). Calves were reared in 36 groups of 

three calves per group and monitored until 12 weeks of age. Calves fed HPS had the 

greatest dry matter intake (LF: 0.80 (0.012), HF: 0.95 (0.012), HPS: 1.70 (0.011) 

kg/DM/d), live weight at 40 d of age (LF: 60.3 (1.41), HF: 63.8 (1.41), HPS: 67.1 

(1.38) kg) compared with TMRs. These calves also spent the most time eating (LF: 

129.1 (0.14), HF: 163.7 (0.14), HPS: 154.1 (0.14) mins/d), and spent the least 

amount of time engaged in non-nutritive pen sucking (LF: 13.4 (0.16), HF: 11.2 

(0.17), HPS: 10.3 (0.16) mins/d). It was concluded that, while cross-sucking was not 

entirely eliminated, providing perennial ryegrass hay along with a pelleted starter 

resulted in the least non-nutritive sucking behaviour, along with the greatest feed 

intake and growth rates compared with low and high forage alfalfa based total mixed 

rations. 
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Glossary of frequently used abbreviations 

 

ADF:  Acid detergent fibre 

AR:  Artificially reared 

CP:  Crude protein 

BW:  Body weight 

d:  day(s) 

DE:  Digestible energy 

DM:  Dry matter 

DMI:  Dry matter intake 

g:  gram 

h (s):  hour (s) 

hd:  head 

HF:  High fibre 

HW:  Hip width 

kg:  kilogrammes 

L:  Litre(s) 

LF:  Low fibre 

LWT:  Live weight 

ME:  Metabolizable energy 

Min (s):  Minute 

MR:   Milk replacer 

NDF:  Neutral detergent fibre 
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NZ:  New Zealand 

PH+S:  Pasture hay and starter diet 

TDN:  Total digestible nutrients 

TMR:  Total mixed ration 

WM:  Whole milk 

 

  



v 

Table of Contents 

 

Acknowledgements ...................................................................................................... i 

Abstract ....................................................................................................................... ii 

Glossary of Frequently used Abbreviations ................................................................. iii 

Table of Contents ........................................................................................................ v 

List of Tables ............................................................................................................. viii 

List of Figures ............................................................................................................. ix 

 

Chapter One ............................................................................................................... 1 

 Introduction ......................................................................................................... 1 

Chapter Two .............................................................................................................. 5 

 Review of relevant literature ............................................................................... 5 

2.1 Natural suckling behaviour of calves ............................................................. 5 

2.2 Suckling motivation and milk related factors affecting time spent 

suckling ............................................................................................................... 6 

 2.3 Non-nutritive sucking, cross-sucking and inter-sucking behaviour ................ 7 

2.4 Effect of the amount of milk provided for artificially reared calves 

suckling and sucking behaviour .................................................................... 8 

 2.4.1 Effect of ad-libitum milk feeding on suckling behaviour ....................... 8 

  2.4.2 Effect of feeding restricted amounts of milk on suckling 

behaviour ...................................................................................................... 9 

  2.4.3 Effect of type of diet on milk components ............................................ 9 

 2.5 Cross-sucking behaviour of calves ............................................................. 11 

  2.5.1 Development of cross-sucking behaviour .......................................... 11 

  2.5.2 Occurrence of cross-sucking ............................................................. 12 

  2.5.3 Parts of the calf’s body affected by cross-sucking ............................. 14 

 2.5.4 Establishment of cross-sucking as a habitual behaviour ................... 15 



vi 

 2.5.5 Detrimental effects of cross-sucking .................................................. 15 

2.5.6 Methods of preventing cross-sucking once the behaviour has 

been established  .............................................................................. 16 

2.6 Effect of artificial milk feeding methods on cross-sucking behaviour 

  2.6.1 Effect of feeding milk through a teat compared to a pail .................... 16 

  2.6.2 Effect of feeding milk from mechanical calf feeders ........................... 18 

2.6.3 Effect of milk flow rate from the artificial teat on cross-sucking ......... 19 

  2.6.4 Effect of pacifiers and sucking dry teats on cross-sucking ................ 20 

  2.6.5 Effect of environmental enrichment on cross-sucking ....................... 20 

 2.7 Effect of housing and re-grouping on cross-sucking ................................... 20 

 2.8 Effect of weaning from milk on cross-sucking ............................................. 21 

2.8.1 Effect of gradual and abrupt weaning from milk on cross-sucking ..... 21 

2.8.2 Effect of weaning age on cross-sucking ............................................ 22 

 2.9 Effect of provision of solid feeds on cross-sucking...................................... 22 

2.9.1 Effect of the provision of solid feeds, concentrated starters and 

forages on cross-sucking .................................................................. 22 

  2.9.2 Effect of group rearing on solid feed intake ....................................... 24 

2.9.3 Effect of the provision of forage and starter intake on oral 

behaviour of calves ............................................................................ 24 

 2.10 Practical implication of provision of milk and solid feeds for calves .......... 28 

  2.10.1 Milk intake, calf growth and importance in diet ................................ 28 

  2.10.2 Concentrated starter feed intake and importance ............................ 29 

  2.10.3 Forage sources and importance in diet ........................................... 30 

 2.11 Summary of Hypotheses ........................................................................... 32 

Chapter Three .......................................................................................................... 34 

 Materials and Methods...................................................................................... 34 

 3.1 Animals, housing and experimental design ................................................. 34 

  3.1.1 Location and experimental design ..................................................... 34 



vii 

  3.1.2 Animal management and feeding ...................................................... 34 

  3.1.3 Treatment diets .................................................................................. 35 

 3.2 Measurements ............................................................................................ 36 

  3.2.1 Maintenance behaviour ..................................................................... 37 

  3.2.2 Cross-sucking behaviour ................................................................... 38 

 3.3 Statistical Analysis  ..................................................................................... 38 

Chapter Four ............................................................................................................ 40 

 Results .............................................................................................................. 40 

 4.1 Live weight and feed intake ........................................................................ 40 

 4.2 Time spent in maintenance behaviour and frequency of oral behaviour ..... 41 

 4.3 Cross-sucking behaviour ............................................................................ 42 

 4.4 Area of the body sucked during cross-sucking behaviour ........................... 44 

Chapter Five ............................................................................................................ 46 

 Discussion and Conclusion ............................................................................... 46 

 5.1 Forage level impact on live weight and feed intake .................................... 46 

 5.2 Forage level impact on maintenance behaviour and frequency of oral 

behaviours .................................................................................................. 46 

 5.3 Forage level impact on cross-sucking behaviour ........................................ 47 

 5.4 Forage level impact on area of body sucked during cross-sucking ............. 48 

 5.5 Overall trend of cross-sucking behaviour .................................................... 49 

 5.6 Conclusion .................................................................................................. 50 

Chapter Six 

References ..................................................................................................... 52 

Chapter Seven 

Bibliography .................................................................................................... 63 

 

Appendix A: Ethogram Recording Table ................................................................... 64 



viii 

List of Tables 
 

Table 2.1: Description of sucking behaviours that occur in dairy cattle ....................... 7 

Table 2.2: Composition of colostrum (days 1 to 3), whole milk and milk replacer 

compared with calf requirements .............................................................. 10 

Table 2.3: Oral and physiological behaviour of calves offered milk from teats 

and pails ................................................................................................... 17 

Table 2.4: Calf rearing system effect on oral behaviour and solid feed intake by 

calves ....................................................................................................... 27 

Table 3.1: Chemical composition (% DM) of low (30:70), high (70:30) and equal 

(50:50) proportion of forage and cereal total mixed rations, starter 

and pasture hay ........................................................................................ 35 

Table 3.2: Ethogram of behaviours observed during experiment and the 

definitions of observations ........................................................................ 37 

Table 4.1: Mean live weight and dry matter intake of calves offered a low forage 

(LF) total mixed ration (TMR), high forage (HF) TMR and Perennial 

rye grass hay with a pelleted starter (PH+S) during the pre-weaning 

period ....................................................................................................... 40 

Table 4.2: Mean incidence (No.) and time spent (min/d) performing differing 

behaviour by calves offered a low forage (LF) total mixed ration 

(TMR), high forage (HF) TMR and Perennial rye grass hay with a 

pelleted starter (PH+S) during the pre-weaning period ............................ 41 

Table 4.3: Mean cross-sucking behaviour of calves offered a low forage (LF) 

total mixed ration (TMR), high forage (HF) TMR and Perennial rye 

grass hay with a pelleted starter (PH+S) during the pre-weaning 

period ....................................................................................................... 42 

 

  



ix 

List of Figures 

 

Figure 2.1: Frequencies of cross-sucking bouts per calf over time directly 

following milk feeding (Amended from: Lidfors, 1993) ............................ 12 

Figure 2.1: Body parts being cross-sucked shown as a percentage of total 

observations of cross-sucking (Amended from: Lidfors, 1993) ............... 14 

Figure 2.3: Photographic comparison of the inside of the rumen on different diets .. 30 

Figure 4.1: Incidence of cross-sucking, during the 20 min period directly 

following milk feeding, by calves offered a low fibre (LF) total mixed 

ration (TMR), high fibre (HF) TMR, and Perennial rye grass hay with 

a pelleted starter (PH+S) ........................................................................ 43 

Figure 4.2: Total daily incidence of cross-sucking, according to body part, 

directly (30 mins) following milk feeding in calves offered a low fibre 

(LF) and high fibre (HF) total mixed ration (TMR) and Perennial rye 

grass hay and a pelleted starter (PH+S) ................................................ 44 

Figure 4.3: Total bouts (No.) of non-nutritive sucking, according to inanimate 

object sucked, by calves offered a low fibre (LF) total mixed ration 

(TMR), high fibre (HF) TMR and Perennial rye grass hay with a 

pelleted starter (PH+S) ........................................................................... 45 

 

 

 

 

 


