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Abstract 23 

The welfare of an individual can be assessed by monitoring 24 

behavioural changes, such as inactivity, that may indicate injury 25 

or disease. In this study we validated the Actiwatch Mini® 26 

activity monitor (AM) for automatic recording of behavioural 27 

activity levels of nine Texel ewes. The AM devices were 28 

attached to collars placed around the necks of the ewes. AM 29 

recordings were taken at 25 second intervals for 21 consecutive 30 

days and in addition, direct behavioural observations made on 31 

days 9 to 13. AM recordings were compared with direct 32 

behavioural observations to investigate whether different levels 33 

of behaviour activity could be distinguished by the AM. Six 34 

different behaviours were matched to the activity scores 35 

recorded by the AM which were low activity (lying ruminating, 36 

lying), medium activity (standing, standing ruminating, and 37 

grazing) and high activity behaviours (walking). There were 38 

differences in the activity scores for all three scores. However, 39 

higher levels of accuracy in distinguishing between activity 40 

levels were achieved when combining high and medium activity 41 

level behaviours. This method of capturing data provides a 42 

practical tool in studies assessing the impact of disease or injury. 43 

For example, assessing the effects of lameness on the activity 44 

level of sheep at pasture, without the presence of an observer 45 

influencing behaviour. 46 

 47 
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 50 

1. Introduction 51 

Monitoring behavioural changes in farm animals can improve 52 

welfare by providing information on an individual’s health 53 

(Müller and Schrader, 2003). Progressive changes in activity 54 

levels can be a useful diagnostic sign of injury or disease onset 55 

(Gougoulis et al., 2010). A decrease from normal activity may 56 

indicate the need to avoid stimulating damaged tissue 57 

(Rutherford, 2002). Earlier detection of disease can lead to 58 

prompt and thus more effective treatment. If an individual’s low 59 

activity level or inactivity is not detected for an extended length 60 

of time, the adverse effect on welfare will be prolonged (Broom, 61 

2008) and there may be more impact upon productivity (Winter, 62 

2008). Close monitoring of animals maintained at pasture is 63 

time consuming and labour intensive, and the presence of an 64 

observer can disrupt normal behaviour patterns (Nielsen, 2013). 65 

Automatic recording of behaviour would be a useful 66 

management tool for animals at pasture. 67 

 68 

Several automatic recording devices are available for monitoring 69 

activity levels in farm animals; IceTag® activity monitors 70 
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(Mattachini et al., 2013; McGowan et al., 2007), HOBO® 71 

Pendant G Data Logger (Nielsen, 2013) and Tinytag® data 72 

loggers (O’Driscoll et al., 2008) have all been used to monitor 73 

cattle behaviour. These systems provide a reliable objective 74 

measure of behavioural activity, showing a high correlation 75 

between direct behavioural observations and the data from the 76 

device (Trénel et al., 2009). Automatic recording devices can 77 

capture daily activity patterns of several animals over long 78 

periods. They have provided valuable information on grazing, 79 

lying and standing behaviour of dairy cattle at pasture (Nielsen, 80 

2013; O’Driscoll et al., 2008), and the occurrence of oestrus in 81 

dairy cattle (McGowan et al., 2007). Umstätter et al. (2008) 82 

showed that such devices could be used to monitor behaviour 83 

whilst animals are maintained extensively at pasture without the 84 

need for an observer. 85 

 86 

The Actiwatch Mini® (CamNtech, Cambridge, UK) is an ultra 87 

light-weight, collar mounted device designed for use in animals. 88 

It has previously been used in sheep for studying the effects of 89 

feeding regimes and housing systems on circadian rhythm 90 

(Piccione et al., 2011, 2007) and for monitoring the general 91 

activity pattern of sheep with Huntington’s disease (Morton et 92 

al., 2014). The aim of the present study was to validate the 93 

Actiwatch Mini® automatic recording device for measuring 94 
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behavioural activity levels in sheep at pasture by comparing the 95 

output with observed behaviour. 96 

 97 

2. Methods 98 

2.1 Animals and living conditions 99 

Ten multiparous Texel ewes (mean age 7 years ± 0.49) in a 100 

group of 46 cull ewes were selected for use in the study. All 101 

ewes were kept extensively at grass with unrestricted access to 102 

water and fed concentrate feed once a day at 08:00 h. Animals 103 

were gathered at the beginning and end of the study to attach 104 

and remove the devices.  105 

 106 

2.2 The Actiwatch Mini® (AM) 107 

The AM was encased in a small, waterproof box (350mm x 108 

200mm x 350mm) and attached to a standard collar fitted 109 

around the neck as described by Piccione et al. (2011, 2007). All 110 

sheep accepted the collar without apparent disturbance. The AM 111 

was set to record and store data at 25 second epochs for 21 days. 112 

The AM device contains an omnidirectional accelerometer to 113 

monitor the occurrence and intensity of movement producing an 114 

activity count. Data were uploaded at the end of the study to 115 

ClockLab (Actimetrics, Wilmette, IL, USA). To ensure safety 116 
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and good welfare, twice daily checks on the ewes were carried 117 

out by the farmer. 118 

 119 

 120 

2.3 Direct behavioural observations 121 

Behavioural observations were made for five consecutive days 122 

(days 9-13) from a hide and recorded by instantaneous scan-123 

sampling at 1 min intervals for 20 minutes between 10:00 h and 124 

15:00 h in a random order. Scans of 1 minute intervals were 125 

chosen to ensure collection of sufficient data from all sheep 126 

within the time period. Intervals of short duration (<2 minutes) 127 

have been demonstrated to be accurate and precise for 128 

measuring the daily amount of time spent laying and standing in 129 

dairy cattle (Mattachini et al., 2013; Müller and Schrader, 2003). 130 

Ewes were marked using stock spray for visual identification. 131 

The behaviour of each ewe was recorded as soon as they were 132 

identified when the field was scanned from right to left. Ewes 133 

remained within the same field throughout the observation 134 

period. Ewes were observed at least once a day with 9 scans per 135 

animal over the total observation period. Each animal’s 136 

behaviour was categorised according to the list in table 1, and 137 

recorded manually on each occasion.  138 

 139 
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2.4 Ethical note 140 

Ethical approval was provided by the Department of Veterinary 141 

Medicine, University of Cambridge Ethics and Welfare 142 

Committee. Every effort was made to ensure that sheep were not 143 

disturbed during data collection. All ewes were under the care of 144 

a veterinarian and monitored for signs of lameness or disease at 145 

the beginning and end of the study. One ewe within the study 146 

group was noted to have become lame and was treated for this 147 

by a veterinarian. No other signs of disease or lameness were 148 

noted. 149 

 150 

3. Statistical analysis 151 

One animal was removed from the analysis due to becoming 152 

lame during the study. Behavioural observations were matched 153 

to the activity recordings from the AM in order to validate the 154 

ability of the AM to detect different activity levels. Timings of 155 

the behavioural observations were matched to the appropriate 156 

time on the AM recordings. For each minute of behavioural 157 

observation, a sum of the activity counts for each 25 seconds 158 

recorded on the AM for the same minute was calculated (see 159 

figure 1). Activity scores calculated for each behaviour were 160 

compared using a one-way ANOVA. Mean activity scores for 161 

each behaviour were then calculated and a range determined for 162 

‘high’, ‘medium’ or ‘low’ activity behaviour using the mean ± 1 163 
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SD. To calculate thresholds for each activity level and to ensure 164 

there was no overlap the midpoint between each of the ranges 165 

(mean ± SD) was determined. Accuracy of each of the 166 

categories was determined by calculating how many values from 167 

each range fell into an incorrect category. All statistical analyses 168 

were performed using Prism 5 (GraphPad Software Inc., San 169 

Diego, USA).  170 

 171 

4. Results 172 

The mean and standard error of activity scores for each of the 173 

six behaviours recorded on the AM is shown in figure 2. There 174 

was an overall difference in the activity scores of individual 175 

behaviours F (5,1185) =87.61, p<0.0001. Post-hoc tests revealed 176 

differences between the activity scores of walking, categorised 177 

as ‘high’ activity and grazing/standing behaviours categorised as 178 

‘medium’ activity (p<0.05), differences between medium 179 

activity (grazing and standing) behaviours and low activity 180 

(lying) behaviours (p<0.05) and differences in walking and lying 181 

behaviours (p<0.001). There were no differences between 182 

grazing and the two standing behaviours, no difference between 183 

the two lying behaviours and no difference between the two 184 

standing behaviours. 185 

  186 
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The calculated thresholds are displayed in figure 3 for each of 187 

the high, medium and low activity levels. The overall accuracy 188 

levels were 59.09%, 3.37% and 74.56% for high, medium and 189 

low activity behaviours respectively. The low level of accuracy 190 

for the medium activity was due to 65.5% and 31.12% of 191 

medium activity behaviours falling into the low and high 192 

activity thresholds respectively. For practical purposes, having 193 

an ability to distinguish between ‘active’ and ‘inactive’ states is 194 

necessary. When medium activity behaviours were combined 195 

with walking to make an active category (see figure 4) a higher 196 

overall accuracy was achieved; 79.98% and 74.56% for active 197 

and inactive respectively. This also reduced the amount of 198 

overlap between the two categories with 21.02% of active 199 

behaviours falling into inactive category and 25.44% of inactive 200 

behaviours falling within the active behaviour threshold.  201 

 202 

5. Discussion 203 

The Actiwatch Mini® has previously been used to assess the 204 

circadian rhythm and general activity pattern of sheep (Morton 205 

et al., 2014; Piccione et al., 2011, 2007). The current study was 206 

carried out to investigate whether the Actiwatch Mini® could be 207 

used to measure behavioural activity levels. This study 208 

demonstrates that the Actiwatch Mini® can be used to detect 209 

different activity levels in an objective manner, using thresholds 210 
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to process the AM recordings. There was a good level of 211 

accuracy with minimal overlap between categories when two 212 

levels were defined: active and inactive levels. The results for 213 

the medium activity thresholds demonstrate that the AM device 214 

was not able to reliably distinguish behaviour at this level. These 215 

findings are comparable to those of Müller and Schrader (2003) 216 

who used dynamic thresholds to distinguish between low and 217 

high behavioural activity levels in dairy cows using the 218 

Actiwatch® Activity Monitoring System. 219 

 220 

This analysis of the AM data demonstrates its ability to 221 

distinguish the activity level of some behaviours, with walking 222 

being reliably distinguished from grazing, converse to the 223 

findings of others (Umstätter et al., 2008). Standing behaviours 224 

could also be distinguished from the low level lying behaviours 225 

but not from grazing behaviours. This result is likely due to 226 

standing behaviour occurring as short rests between grazing 227 

bouts. By combining standing and grazing behaviours with 228 

walking, a more practical ‘active’ category is established. This 229 

can be accurately distinguished from ‘inactive’ behaviours such 230 

as lying. Longer lying times and longer lying bouts have been 231 

found to indicate lameness and discomfort in dairy cattle (Ito et 232 

al., 2010). Changes in active behaviour could also indicate the 233 

onset of other diseases, such as pregnancy toxaemia in sheep 234 

(Buswell et al., 1986; Sargison, 2007). Thus, this method 235 
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provides a more useful tool in studies assessing welfare of 236 

animals at pasture that may not undergo regular observation.  237 

 238 

While the AM device was able to reliably distinguish between 239 

behaviours, the overlap between activity levels suggests some 240 

instances of irregularities in matching the behaviour performed 241 

with the AM recording. This limitation may be partly due to the 242 

use of instantaneous scan sampling to collect the behavioural 243 

data. Instantaneous sampling leaves time between scans for a 244 

change in behaviour to occur, such as standing to grazing. This 245 

method of data collection has previously been employed by 246 

others (O’Driscoll et al., 2008) at 5 minute intervals when 247 

validating activity monitors. They also noted a lack of 248 

agreement when using instantaneous sampling when validating 249 

data loggers in cattle. The use of shorter observation intervals 250 

may enable a higher level of accuracy to be obtained as more 251 

information would be recorded on behavioural states 252 

(Ledgerwood et al., 2010; Rurak et al., 2008).  253 

 254 

The automatic recording devices appeared sensitive to small 255 

movements when the sheep were recorded as lying or standing. 256 

Collars were placed around the neck of sheep, so behaviours 257 

such as ruminating or self-grooming could have contributed to 258 

the higher than expected score obtained. Sakaguchi et al. (2007) 259 
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noted that neck pedometers capable of detecting oestrus in 260 

cattle, were recording the number of steps taken to be two to 261 

three times higher than those visually observed. They suggested 262 

that neck pedometers may detect and count neck activity in 263 

heifers during both walking and grazing behaviour but were able 264 

to provide a practical level of accuracy in oestrus detection. Leg 265 

mounted pedometers have a higher accuracy than neck mounted 266 

pedometers (Sakaguchi et al., 2007); however, field conditions 267 

may make their attachment and maintenance difficult for sheep.  268 

 269 

The current AM device provides a viable method for monitoring 270 

general activity levels of sheep whilst at pasture without the 271 

need for human observations. We have demonstrated that the 272 

use of thresholds for the active and inactive behaviours provide 273 

a practical detection criterion for monitoring changes in activity 274 

levels. The ability to monitor grazing and lying behaviours 275 

whilst at pasture can provide valuable information to researchers 276 

and farmers about the current welfare of their animals. Early 277 

detection of changes in behaviour that may indicate disease, 278 

injury or distress will allow for more effective treatment and 279 

thus reduce suffering. As with other automatic detection devices 280 

further development is required.  281 

 282 

6. Conclusion 283 
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The Actiwatch Mini® is capable of capturing data on the 284 

activity levels of sheep at pasture without restricting any of their 285 

normal movements, and can be used to distinguish between 286 

active (grazing, walking, standing ruminating and standing) and 287 

inactive (lying ruminating and lying) behaviours.  288 

 289 
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 391 

Table 1: Description of observed behaviours.  

Behaviour Description 

Grazing The animal slowly moves forward whilst searching for and ingesting grass with the 

muzzle close to the ground. 

Walking Animal moves forward in a four beat motion for 2 seconds or more with the head up 

and orientated in the direction of movement.  

Standing ruminating At rest and ruminating or in the process of regurgitating a bolus. 

Standing  At rest with no jaw movement.  

Lying ruminating Lying on ground and ruminating or in the process of regurgitating a bolus. 

Lying  Lying on ground with no jaw movement. 
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