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pasture in Shotwick, Cheshire, England OS location 333781,371970 

Start date April 2013 End date August 2014  

 

Project aim and objectives 

 To develop a wireless sensor network system with incorporated accelerometer for locating 

and describing foraging movement in ewes based on RFID technology at paddock scales. 

 To investigate the use of video technology to describe foraging activity from acoustic data 

in ewes grazing a bio-diverse pasture 

 To investigate whether non structural carbohydrate concentrations in sward influence 

foraging activity in summer pasture 

 

 

Key messages emerging from the project 

 

 RFID technology with inbuilt accelerometer can be used for locating sheep and describing 

foraging activity 

 Acoustic data calibrated by video observation can be used to differentiate foraging activity 

in ewes grazing on a bio-diverse pasture 

 

Summary of results  

 Water soluble carbohydrates in sward did not differ significantly on a diurnal basis in 

summer pastures indicating that growth and flowering precluded accumulation.  

 Globally recognised sound descriptors Wiener entropy, amplitude, frequency and pitch 

could be used to discriminate between foraging events (rye, clover, sugar beet, meadow 

grass spp. Nettle thistle and fruit tree browse) p<0.0001. 

 This was applicable to sheep of different breeds (Texel, Balwen and Hebridean) and size. 
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Other Outcomes:  A Mason, J Sneddon and F van Calker gained a 20K Technology Strategy 

Board Grant (Small Business Research Initiative Wales) which ran January to July 2014. ‘Smart 

Radio Frequency Identification Platform with Acoustic Stimulus for Virtual Fencing’ to keep sheep 

off watercourses in Welsh uplands’.  Our bid for Phase Two of this call  for  50K funding to design a 

path to market runs December 2014 to November 2015 and is being assessed via a submitted 
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report (60%) and an  interview (40%) on 20th August 2014. We heard that we were successful with 

our bid on 28th August 2014. 

A.  Mason has got to the Interview stage for an ERC Starter Grant on 9th October 2014 with a 

proposal ‘SMART Livestock Net’. This is for 5 years of substantial funding. 

Daniel Spencer got a 6 month contract with RFID Direct as a result of participating in the EBLEX 

project.  

 

 

 

 

Full Report 

 

Q1: Financial reporting –  

 

 Yes No N/a 

Was the project expenditure in line with the agreed budget? √   

Was the agreed split of the project budget between activities 

appropriate? 

√   

If you answered no to any of the questions above please provide further details: 

 

 

 

Q2: Milestones – were the agreed milestones completed on time? Yes 

 

Project milestones  Proposed 

completion date 

Actual completion 

date 

April 2013 RFID/accelerometry  project began August 2014 August 2014 

April 2013 Video/Water Sol CHO project began August 2014 August 2014 

June 29th 2013 field visit L Genever  Same day  

June July 2013 Water Sol CHO and survey work 

On pastures 

Survey work 

June/July 2013 

CHO analysis done 

by  

31st August 2013 

 

April – July Sourcing of equipment and development 

of all technologies in lab and field environments 

July 2013  

July August 2013 and 2014 further work on 

video/water soluble CHO project 

August 2014  

September 24th 2014 Field visit by EBLEX staff to see 

research 

Same day  
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If any of the milestones above are incomplete/delayed, please provide further details: n/a 
 

 

 

Q3: Results – what did the work find? Detail is to be found in the accompanying summary 

report and in the associated conference papers 

 

Summer levels of water soluble carbohydrate in sward did not differ significantly (p< 0.8) between 

morning and evening sampling times unlike corresponding levels in November-December 2011 (p< 

0.01). While winter levels of water soluble carbohydrate in pasture were thought to direct foraging 

choice, monitored by placing a GPS unit on the sheep, water soluble carbohydrate levels in 

summer sward could not be associated with the previously established high intensity grazing bouts 

at dawn and dusk.   These two grazing bouts were a common feature throughout the year but were 

larger in summer than winter as sheep spent 50% of their time grazing in summer and 30% in 

winter.  

Acoustic data validated by video observations could be used to monitor foraging activity on a bio-

diverse sward in a range of breeds and size of ewe. Background noise did not impinge on the 

power of the acoustic data to make these discriminations. Browsing dry or fresh leaf material from 

trees or shrubs gave a softer sound profile than  grazing rye grass and fescue.  

The Wireless sensor network system communicating via Radio frequency ID and accelerometer 

data can be used to fix the position and head movement of ewes during foraging.  

 

 

Q4: Discussion – what do the results mean for levy payers? 

 

 

 We are on the road to developing a system which will allow farmers to trace the location 

and foraging activity of their sheep from their offices which could be applied from paddock 

to landscape scales. This is an unique tool for management of pasture resources and 

management of animal nutrition and health 

 We have already secured funding for a project to further develop the combined 

technologies in association with an acoustic stimulus for a ‘virtual fencing’ project to keep 

sheep away from waterways and trees in upland Wales sponsored by DEFRA 

.  

 

 

 

Q5: New knowledge – what key bit of new knowledge that has come out of this project?   

 

 

 The software for programming the wireless sensor network is a new invention 

 Combining the accelerometer, video and RFID technology with a desk portal for 

farmers (once developed)  is novel  
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Abstract— Little is currently known about the foraging behavior of 
free ranging animals, particularly in biodiverse pastures.  This is 
despite the suggestion of recent work that animals grazing on such 
pastures tend to produce better quality meat.  This paper presents a 
bespoke Wireless Sensor Network system designed to be mounted 
on grazing animals and collect movement information which is 
then coded with reference to human observations.  In doing this it 
has been possible to calibrate the bespoke system such that, in real-
time, the system can be used to deduce animal behavior (e.g. 
resting, grazing, foraging, etc.) remotely.  When coupled with 
future GPS-free positional information, this system will provide 
valuable information for the UK agricultural industry, in addition 
to overcoming the challenges faced by many commercial systems 
which rely on energy intensive GPS technology. 


Keywords- Behaviour monitoring, wireless sensor networks, 
tracking, location, accelerometer, animal grazing, biodiverse 
pasture. 


I.  INTRODUCTION 


There is a movement in the UK livestock production 
systems to enhance and optimize lower input grass based 
farming systems [1], to eat locally, and to use sustainable local 
resources.  The Regional Land Use project ‘Eating 
biodiversity’ provided scientific evidence that meat from 
animals that ate pasture rich in biodiversity was of superior 
quality [1, 2]. 


The work reported in this paper is part of a larger and on-
going scheme of work which focuses on two elements: 1) the 
ability to use sensor technology to monitor the grazing 
behavior of animals in real-time and; 2) the positioning of 
animals as they move around their grazing area. 


The technology being developed and currently in use for 
the work is based upon Wireless Sensor Network (WSN) 
technology (or, in this context, Radio Frequency Identification 
[RFID]).  This technology was originally developed at 
Liverpool John Moores University (LJMU) for the purpose of 
tracking commercial goods [3, 4], namely gas cylinders, due 
to the robustness of the ad hoc networking approach available 
to WSN systems in harsh environments.   


The application here with grazing animals presents new 
challenges, in particular the greater range required by sensor 
nodes; while gas cylinders tend to be tightly packed in storage 
crates, free ranging sheep do not.  However the principle of ad 


hoc networking (as illustrated in Figure 1) afforded by sensor 
networks will provide significant benefit in this application.   


 
 


 
 


Figure 1. The ad hoc nature of WSN systems, which enables 
long-range network connectivity when physical radio 
transmission range between individual nodes is small. 


 
Many prior animal tagging systems which provide real-


time data (ignoring systems which only provide identification 
services) are based on GPS technology [5-7].  While this has 
been proven to give information regarding the behavior of 
grazing animals, it suffers from the following issues: 1) poor 
battery life; 2) low resolution positioning; and 3) failure in 
poor weather or when animals seek shelter on hotter days.  All 
of these cause issue for researchers interested in identifying 
precisely what an animal is eating over the course of a grazing 
season, which in the UK normally runs from May until 
September.  Poor battery life leads to high maintenance costs, 
which are prohibitive for widespread use in a commercial 
setting and provide challenges in ensuring data validity and 
completeness in the research domain.  In addition, researchers 
often find the low resolution of GPS technology (i.e. with 
accuracy tending to be no better than 3 meters) to be 
insufficient when attempting to identify the particular areas 
(i.e. within centimeters) in which animals are grazing.  This is 
exacerbated in the context of this work since in bio-diverse 
pastures the type of grass can vary enormously, even over an 
area of a few square meters. 


Thus, this work demonstrated the successful use of WSN 
technology to monitor the behavior of animals in addition to 
providing positional information which will allow researchers 







to accurately assess the state of animals (i.e. grazing, resting, 
ruminating, etc.) and also the location in which they undertake 
such activities.  While others have used WSN systems for 
monitoring animal activity and behavior [8-10], the novel 
aspect of this work is two-fold: 1) the application of such 
technology on free-ranging animals in bio-diverse pastures 
and 2) the future implementation of GPS-free positioning.  
Therefore, this paper focuses on initial work to establish the 
operation of a bespoke WSN system, showing the response of 
on-board sensors to changes in animal behavior.  Forthcoming 
publications will tackle the issue of the system providing 
location services.  In achieving these goals, the work will 
provide valuable information to underpin wide-scale UK 
agricultural objectives, including: 


 
 Improvement of animal nutrition and growth through 


better feeding methods, since the information obtained will 
allow the qualification and quantification of foraging 
behavior under natural grazing conditions.  This 
information can be used to improve grasslands for animals 
and biodiversity. 


 Development of better integrated systems for beef and 
sheep production, since to date there is no detailed data 
related to the cost benefits of natural foraging behavior to 
the degree of detail that would be obtained via real-time 
technologies, such as that proposed here, and to be 
described later in this paper. 


 Provision of practical responses to climate change 
mitigation and adaptation, as sustainable management of 
pasture resources is required for the prevention of soil 
erosion. 


The remainder of this paper discusses; 1) the WSN system 
currently in use and on-going development as the project 
progresses; 2) the methodology undertaken for acquiring 
preliminary data from sheep in a small (approx. 100 m2) site; 
3) results from this preliminary work and finally; 4) the key 
findings so far along with the future direction of the research. 


II. THE WIRELESS SENSOR NETWORK SYSTEM 


The WSN system constructed for this work is based upon 
the Texas Instruments CC2431 system-on-chip (SoC) 
microprocessor.  This provides both processing capability, via 
an 8051 based core, and radio frequency transmission at the 
ISM 2.4 GHz band.  The CC2431 microprocessor used is 
embedded in a Texas Instruments CC243x evaluation module 
(EM) for simplicity, and we have developed custom software 
in addition to a custom breakout board for the EM.  This 
customization has allowed us to develop a system which 
incorporates an accelerometer sensor, while being small 
enough to mount on a sheep without any noticeable change in 
the animal behavior.  Figure 2(a) shows a block diagram 
overview of the system and Figure 2(b) shows the sensors as 
constructed and packaged prior to mounting on an animal. 


The sensor itself was envisaged to be placed on or near the 
head/neck of the animal so as to be able to detect head 
movement.  This is vital, since the animals head orientation is 


an important indicator of whether the animal is grazing or not.  
Detection of this movement is provided by a 3-axis 
accelerometer (Freescale Semiconductor MMA7361L).  As 
the system is developed further, linking the instances when an 
animal is grazing and positional data will provide key 
information regarding what the animal is eating.  Furthermore, 
the accelerometer information can be used in other ways, for 
example to determine whether an animal is sleeping or simply 
resting and/or ruminating.  This may yield yet further 
interesting information (e.g. animal health status and change 
in normal behavioral patterns), or on the other hand, it may 
prove useful in aggregating the large amounts of data that can 
be easily collected using a continuous real-time WSN system. 


 
 


 
 (a) 


 
 
 


 
 (b) 


 
Figure 2. (a) A block diagram overview of the sensor system 
showing all major components and (b) the physical sensors 
constructed prior to being installed on a sheep halter for field 
use. 
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The sensor is powered using four ‘AAA’ type batteries, 
with a low drop-out voltage regulator then converting this 6 V 
to a 3.3 V power source for the CC243xEM as well as sensor 
components.  This combination is utilized to minimize sensor 
drift as the batteries become worn with use.  Currently the 
lifetime of the individual node with a duty cycle of 15% is 
approx. 5 days continuous operation.  Although the CC243x 
does support low power operation which would extend this 
lifetime significantly, it is likely that we shall replace this 
microprocessor with a newer variant in the near future, and 
therefore we wish to minimize any unnecessary duplication of 
effort. 
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(b) 


 
 


 
(c) 


 
Figure 3. (a) The sensors mounted on two different types of 
sheep, (b) a close-up of the mounted sensor and (c) the 
bespoke data logging software interface. 


The sensor system and associated electronics are housed 
inside a water-tight (non-IP rated) container with external 
dimensions of 80 × 80 × 50 mm (w × l × h).  This container 
has a hole drilled in the base to allow for a rivet which fixes it 
to a sheep halter with Velcro providing some addition 
stability.  In the future it is likely the system will be integrated 
into a robust collar which can be worn permanently by 
animals.  The sensors mounted on sheep are shown in Figure 
3(a) and Figure 3(b); in the former image one can see the 
different breeds of sheep used in this work, and in the latter it 
is possible to see the sensor as attached to the animal halter. 


Once operational, as indicated via a simple blinking LED, 
the sensor nodes communicate accelerometer data every 
2 seconds, and a base station connected to a PC is used to 
collect this data.  A bespoke C# application [see Figure 3(c)] 
logs all received data to CSV for latter interpretation.  


III. METHOD 


Four mature ewes were supplied at OS location 
333781,371970 Shotwick, Cheshire UK.  Figure 4 shows an 
overview of the testing site, and Table 1 provides information 
regarding the attributes of the sheep used.  Each sheep was 
fitted with a chromium tanned leather halter (Kamer Ltd), 
which had the sensor system, described in Section II, attached.  


Foraging behavior in the sheep was examined on this bio-
diverse mature pasture during June and July 2013.  The fields 
contain clover-rye grass dominated pastures with additional 
red fescue, Yorkshire fog, timothy, sweet vernal grass and 
meadow grass mixtures (n= 60 quadrats/field). The fields had 
not received artificial fertilizer for at least 20 years and had 
been lightly grazed by sheep (n=3 or 4) for the last 10 years. 
Field 1 included a chicken run and field 2 a paddling pool and 
5 fruit trees. 
 







 
 


Figure 4. Overview of testing location, showing the two fields 
utilized during testing, with each field being joined by a 
narrow pathway.  The total area of the fields combined is 
approx. 100 m2. 


Table 1. Attributes of sheep (n=4) in the small flock used in 
this study. 


Species 
Age 


(Years) 
Mass (kg)* 


Texel 
Welsh Balwyn 
Hebridean 
Hebridean 


9 
8 
- 
- 


74.1 
34.9 


- 
- 


*based on body surface area determined by a tiling method. 


 
The base station was situated at the point indicated in 


Figure 4.  A device-to-base station range of 60 m was found to 
be achievable and so this location gave adequate range in the 
worst case that the sheep became separated; in practice this 
rarely happened.  No notable interference from trees and other 
obstacles within the fields were observed; received signal 
strength data was collected in order to confirm this.  
Accelerometer data was captured at 2 second intervals, with 
human logging of sheep activity also taking place so that the 
data acquired and actual sheep behavior could be matched 
offline for coding and calibration purposes.  Analysis of this 
data is presented in Section IV. 


IV. RESULTS AND DISCUSSION 


The use of a 3-axisaccelerometer for determining foraging 
behaviors in a range of animals has been reviewed by 
Shephard et al [11]. Principal Component Analysis (PCA) was 
employed to assess the accuracy of assigned behavioral codes 
to groupings given based upon observation of the sheep over 
the course of this experimental work.  Behavior codes, 
numbers between 0 and 4 inclusive, were assigned as follows:  


 


(0) Placing halter on sheep, typically at the beginning of 
an observation session; 


(1)  Standing but not eating/foraging; 
(2)  Grazing; 
(3)  Browsing (or foraging); 
(4)  Laying. 


 
Table 2 shows examples how these behavioral codes were 


developed over the course of multiple days using data from 
the various sheep.  The Y-axis data was used to code data (1 
or 2) via manual scanning of a time-based scatter graph or by 
scanning the values in the data set. This approach did not 
appear to be any more subjective than the use of manual 
observation for coding of behaviors. 
 
Table 2. Coding of accelerometer data based upon manual 
observations.  Each sheep is identified by an ID number (as 
shown) transmitted from the sensor devices, and the data 
below represents a small sample of the total collected. 


ID Breed Date 
% 


accuracy** 
Deduced 


behavior codes 


7 Texel 24.06.13 87.1 1,2  


5 Hebridean 25.06.13 59.3 0,1,2,3,4   


7 Texel 25.06.13 91.9 1,2,3   


4 Hebridean 28.06.13 70.8 1,2  


5 Hebridean 28.06.13 83.9 1,2  


**Estimated via discriminate function analysis in SPSS/PAWS version 20. 
 


 
 
Figure 5. Data from a Hebridean sheep (25.06.13), with 
behaviors depicted by changes in accelerometer output due to 
sheep movement.  Coding schemes are clearly highlighted 
here to show periods were the sheep is: 1) having a halter 







fitted; 2) standing idle; 3) grazing; 4) browsing and 5) lying 
while grazing. 


 
 


Figure 6.  From Table 2 it is shown that behaviors 1 
(standing) and 2 (grazing) are most commonly observed.  The 
data shown in the above chart give a clear distinction between 
grazing activity and idle, i.e. when the sheep is not eating, 
which could be readily utilized for real-time determination of 
animal behavior. 


 
Figure 5 shows data from a sheep where the entire range 


of behavioral codes were observed.  The chart clearly 
separates the different activities through color, with it 
becoming apparent that changing activity shows marked 
changes in accelerometer response at discrete time internals as 
well as over defined ranges in time. 


Figure 6 deals predominantly with the cases of grazing and 
standing; these behaviors were observed across all days with 
the sheep and so there is significant confidence that the system 
is able to determine when grazing is taking place.  The 
difference between the areas highlighted in green (grazing) 
and blue (standing) in Figure 6 support this, as do the high 
accuracy levels for the days in Table 2 where only behavioral 
codes 1 and 2 are deduced.  While further data collection and 
observation may yield more information on subtle aspects of 
animal behavior, determination of when an animal is eating is 
of great importance to this work.  As we progress and add 
positional information, the system should allow determination 
of what was eaten, thus providing vital data to inform future 
practice in the utilization of biodiverse pastures for animal 
grazing. 


V. CONCLUSION 


This paper presents initial findings from an on-going project to 
assess animal foraging behavior when grazing biodiverse 
pastures.  A prototype WSN system has been developed and 


implemented for use in the field, and has yielded promising 
initial data which shows that one could, remotely and in real-
time, determine the current behavior of an animal.  In 
particular we have shown significant variation in the output of 
an accelerometer sensor when an animal is grazing versus 
when it is simply standing.   


Future work will seek to link this information to positional 
data in order that researchers can quickly assess what animals 
are choosing to eat in a biodiverse pasture.  This will inform 
future best practice in the agricultural industry by the 
improving animal nutrition and developing better integrated 
systems for animal production.  Knowledge of where animals 
are grazing could also allow deduction of resultant 
contamination (i.e. through urination) in particular areas.  This 
means that farmers can take timely remedial action, including 
measures such as rotation of animal grazing or land treatment.  
In addition, further work will seek to employ a small animal 
mounted video camera in order to provide a recorded data set 
against which to deduce codes for the accelerometer output.  It 
is hoped that this will allow for finer levels of coding in order 
to accurately deduce subtle changes in animal behavior.   
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Abstract— Little is currently known about the foraging behavior of 
free ranging animals, particularly in biodiverse pastures.  This is 
despite the suggestion of recent work that animals grazing on such 
pastures tend to produce better quality meat.  This paper presents a 
bespoke Wireless Sensor Network system designed to be mounted 
on grazing animals and collect movement information which is 
then coded with reference to human observations.  In doing this it 
has been possible to calibrate the bespoke system such that, in real-
time, the system can be used to deduce animal behavior (e.g. 
resting, grazing, foraging, etc.) remotely.  When coupled with 
future GPS-free positional information, this system will provide 
valuable information for the UK agricultural industry, in addition 
to overcoming the challenges faced by many commercial systems 
which rely on energy intensive GPS technology. 


Keywords- Behaviour monitoring, wireless sensor networks, 
tracking, location, accelerometer, animal grazing, biodiverse 
pasture. 


I.  INTRODUCTION 


There is a movement in the UK livestock production 
systems to enhance and optimize lower input grass based 
farming systems [1], to eat locally, and to use sustainable local 
resources.  The Regional Land Use project ‘Eating 
biodiversity’ provided scientific evidence that meat from 
animals that ate pasture rich in biodiversity was of superior 
quality [1, 2]. 


The work reported in this paper is part of a larger and on-
going scheme of work which focuses on two elements: 1) the 
ability to use sensor technology to monitor the grazing 
behavior of animals in real-time and; 2) the positioning of 
animals as they move around their grazing area. 


The technology being developed and currently in use for 
the work is based upon Wireless Sensor Network (WSN) 
technology (or, in this context, Radio Frequency Identification 
[RFID]).  This technology was originally developed at 
Liverpool John Moores University (LJMU) for the purpose of 
tracking commercial goods [3, 4], namely gas cylinders, due 
to the robustness of the ad hoc networking approach available 
to WSN systems in harsh environments.   


The application here with grazing animals presents new 
challenges, in particular the greater range required by sensor 
nodes; while gas cylinders tend to be tightly packed in storage 
crates, free ranging sheep do not.  However the principle of ad 


hoc networking (as illustrated in Figure 1) afforded by sensor 
networks will provide significant benefit in this application.   


 
 


 
 


Figure 1. The ad hoc nature of WSN systems, which enables 
long-range network connectivity when physical radio 
transmission range between individual nodes is small. 


 
Many prior animal tagging systems which provide real-


time data (ignoring systems which only provide identification 
services) are based on GPS technology [5-7].  While this has 
been proven to give information regarding the behavior of 
grazing animals, it suffers from the following issues: 1) poor 
battery life; 2) low resolution positioning; and 3) failure in 
poor weather or when animals seek shelter on hotter days.  All 
of these cause issue for researchers interested in identifying 
precisely what an animal is eating over the course of a grazing 
season, which in the UK normally runs from May until 
September.  Poor battery life leads to high maintenance costs, 
which are prohibitive for widespread use in a commercial 
setting and provide challenges in ensuring data validity and 
completeness in the research domain.  In addition, researchers 
often find the low resolution of GPS technology (i.e. with 
accuracy tending to be no better than 3 meters) to be 
insufficient when attempting to identify the particular areas 
(i.e. within centimeters) in which animals are grazing.  This is 
exacerbated in the context of this work since in bio-diverse 
pastures the type of grass can vary enormously, even over an 
area of a few square meters. 


Thus, this work demonstrated the successful use of WSN 
technology to monitor the behavior of animals in addition to 
providing positional information which will allow researchers 







to accurately assess the state of animals (i.e. grazing, resting, 
ruminating, etc.) and also the location in which they undertake 
such activities.  While others have used WSN systems for 
monitoring animal activity and behavior [8-10], the novel 
aspect of this work is two-fold: 1) the application of such 
technology on free-ranging animals in bio-diverse pastures 
and 2) the future implementation of GPS-free positioning.  
Therefore, this paper focuses on initial work to establish the 
operation of a bespoke WSN system, showing the response of 
on-board sensors to changes in animal behavior.  Forthcoming 
publications will tackle the issue of the system providing 
location services.  In achieving these goals, the work will 
provide valuable information to underpin wide-scale UK 
agricultural objectives, including: 


 
 Improvement of animal nutrition and growth through 


better feeding methods, since the information obtained will 
allow the qualification and quantification of foraging 
behavior under natural grazing conditions.  This 
information can be used to improve grasslands for animals 
and biodiversity. 


 Development of better integrated systems for beef and 
sheep production, since to date there is no detailed data 
related to the cost benefits of natural foraging behavior to 
the degree of detail that would be obtained via real-time 
technologies, such as that proposed here, and to be 
described later in this paper. 


 Provision of practical responses to climate change 
mitigation and adaptation, as sustainable management of 
pasture resources is required for the prevention of soil 
erosion. 


The remainder of this paper discusses; 1) the WSN system 
currently in use and on-going development as the project 
progresses; 2) the methodology undertaken for acquiring 
preliminary data from sheep in a small (approx. 100 m2) site; 
3) results from this preliminary work and finally; 4) the key 
findings so far along with the future direction of the research. 


II. THE WIRELESS SENSOR NETWORK SYSTEM 


The WSN system constructed for this work is based upon 
the Texas Instruments CC2431 system-on-chip (SoC) 
microprocessor.  This provides both processing capability, via 
an 8051 based core, and radio frequency transmission at the 
ISM 2.4 GHz band.  The CC2431 microprocessor used is 
embedded in a Texas Instruments CC243x evaluation module 
(EM) for simplicity, and we have developed custom software 
in addition to a custom breakout board for the EM.  This 
customization has allowed us to develop a system which 
incorporates an accelerometer sensor, while being small 
enough to mount on a sheep without any noticeable change in 
the animal behavior.  Figure 2(a) shows a block diagram 
overview of the system and Figure 2(b) shows the sensors as 
constructed and packaged prior to mounting on an animal. 


The sensor itself was envisaged to be placed on or near the 
head/neck of the animal so as to be able to detect head 
movement.  This is vital, since the animals head orientation is 


an important indicator of whether the animal is grazing or not.  
Detection of this movement is provided by a 3-axis 
accelerometer (Freescale Semiconductor MMA7361L).  As 
the system is developed further, linking the instances when an 
animal is grazing and positional data will provide key 
information regarding what the animal is eating.  Furthermore, 
the accelerometer information can be used in other ways, for 
example to determine whether an animal is sleeping or simply 
resting and/or ruminating.  This may yield yet further 
interesting information (e.g. animal health status and change 
in normal behavioral patterns), or on the other hand, it may 
prove useful in aggregating the large amounts of data that can 
be easily collected using a continuous real-time WSN system. 


 
 


 
 (a) 


 
 
 


 
 (b) 


 
Figure 2. (a) A block diagram overview of the sensor system 
showing all major components and (b) the physical sensors 
constructed prior to being installed on a sheep halter for field 
use. 
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The sensor is powered using four ‘AAA’ type batteries, 
with a low drop-out voltage regulator then converting this 6 V 
to a 3.3 V power source for the CC243xEM as well as sensor 
components.  This combination is utilized to minimize sensor 
drift as the batteries become worn with use.  Currently the 
lifetime of the individual node with a duty cycle of 15% is 
approx. 5 days continuous operation.  Although the CC243x 
does support low power operation which would extend this 
lifetime significantly, it is likely that we shall replace this 
microprocessor with a newer variant in the near future, and 
therefore we wish to minimize any unnecessary duplication of 
effort. 


 


 
(a) 


 


 
(b) 


 
 


 
(c) 


 
Figure 3. (a) The sensors mounted on two different types of 
sheep, (b) a close-up of the mounted sensor and (c) the 
bespoke data logging software interface. 


The sensor system and associated electronics are housed 
inside a water-tight (non-IP rated) container with external 
dimensions of 80 × 80 × 50 mm (w × l × h).  This container 
has a hole drilled in the base to allow for a rivet which fixes it 
to a sheep halter with Velcro providing some addition 
stability.  In the future it is likely the system will be integrated 
into a robust collar which can be worn permanently by 
animals.  The sensors mounted on sheep are shown in Figure 
3(a) and Figure 3(b); in the former image one can see the 
different breeds of sheep used in this work, and in the latter it 
is possible to see the sensor as attached to the animal halter. 


Once operational, as indicated via a simple blinking LED, 
the sensor nodes communicate accelerometer data every 
2 seconds, and a base station connected to a PC is used to 
collect this data.  A bespoke C# application [see Figure 3(c)] 
logs all received data to CSV for latter interpretation.  


III. METHOD 


Four mature ewes were supplied at OS location 
333781,371970 Shotwick, Cheshire UK.  Figure 4 shows an 
overview of the testing site, and Table 1 provides information 
regarding the attributes of the sheep used.  Each sheep was 
fitted with a chromium tanned leather halter (Kamer Ltd), 
which had the sensor system, described in Section II, attached.  


Foraging behavior in the sheep was examined on this bio-
diverse mature pasture during June and July 2013.  The fields 
contain clover-rye grass dominated pastures with additional 
red fescue, Yorkshire fog, timothy, sweet vernal grass and 
meadow grass mixtures (n= 60 quadrats/field). The fields had 
not received artificial fertilizer for at least 20 years and had 
been lightly grazed by sheep (n=3 or 4) for the last 10 years. 
Field 1 included a chicken run and field 2 a paddling pool and 
5 fruit trees. 
 







 
 


Figure 4. Overview of testing location, showing the two fields 
utilized during testing, with each field being joined by a 
narrow pathway.  The total area of the fields combined is 
approx. 100 m2. 


Table 1. Attributes of sheep (n=4) in the small flock used in 
this study. 


Species 
Age 


(Years) 
Mass (kg)* 


Texel 
Welsh Balwyn 
Hebridean 
Hebridean 


9 
8 
- 
- 


74.1 
34.9 


- 
- 


*based on body surface area determined by a tiling method. 


 
The base station was situated at the point indicated in 


Figure 4.  A device-to-base station range of 60 m was found to 
be achievable and so this location gave adequate range in the 
worst case that the sheep became separated; in practice this 
rarely happened.  No notable interference from trees and other 
obstacles within the fields were observed; received signal 
strength data was collected in order to confirm this.  
Accelerometer data was captured at 2 second intervals, with 
human logging of sheep activity also taking place so that the 
data acquired and actual sheep behavior could be matched 
offline for coding and calibration purposes.  Analysis of this 
data is presented in Section IV. 


IV. RESULTS AND DISCUSSION 


The use of a 3-axisaccelerometer for determining foraging 
behaviors in a range of animals has been reviewed by 
Shephard et al [11]. Principal Component Analysis (PCA) was 
employed to assess the accuracy of assigned behavioral codes 
to groupings given based upon observation of the sheep over 
the course of this experimental work.  Behavior codes, 
numbers between 0 and 4 inclusive, were assigned as follows:  


 


(0) Placing halter on sheep, typically at the beginning of 
an observation session; 


(1)  Standing but not eating/foraging; 
(2)  Grazing; 
(3)  Browsing (or foraging); 
(4)  Laying. 


 
Table 2 shows examples how these behavioral codes were 


developed over the course of multiple days using data from 
the various sheep.  The Y-axis data was used to code data (1 
or 2) via manual scanning of a time-based scatter graph or by 
scanning the values in the data set. This approach did not 
appear to be any more subjective than the use of manual 
observation for coding of behaviors. 
 
Table 2. Coding of accelerometer data based upon manual 
observations.  Each sheep is identified by an ID number (as 
shown) transmitted from the sensor devices, and the data 
below represents a small sample of the total collected. 


ID Breed Date 
% 


accuracy** 
Deduced 


behavior codes 


7 Texel 24.06.13 87.1 1,2  


5 Hebridean 25.06.13 59.3 0,1,2,3,4   


7 Texel 25.06.13 91.9 1,2,3   


4 Hebridean 28.06.13 70.8 1,2  


5 Hebridean 28.06.13 83.9 1,2  


**Estimated via discriminate function analysis in SPSS/PAWS version 20. 
 


 
 
Figure 5. Data from a Hebridean sheep (25.06.13), with 
behaviors depicted by changes in accelerometer output due to 
sheep movement.  Coding schemes are clearly highlighted 
here to show periods were the sheep is: 1) having a halter 







fitted; 2) standing idle; 3) grazing; 4) browsing and 5) lying 
while grazing. 


 
 


Figure 6.  From Table 2 it is shown that behaviors 1 
(standing) and 2 (grazing) are most commonly observed.  The 
data shown in the above chart give a clear distinction between 
grazing activity and idle, i.e. when the sheep is not eating, 
which could be readily utilized for real-time determination of 
animal behavior. 


 
Figure 5 shows data from a sheep where the entire range 


of behavioral codes were observed.  The chart clearly 
separates the different activities through color, with it 
becoming apparent that changing activity shows marked 
changes in accelerometer response at discrete time internals as 
well as over defined ranges in time. 


Figure 6 deals predominantly with the cases of grazing and 
standing; these behaviors were observed across all days with 
the sheep and so there is significant confidence that the system 
is able to determine when grazing is taking place.  The 
difference between the areas highlighted in green (grazing) 
and blue (standing) in Figure 6 support this, as do the high 
accuracy levels for the days in Table 2 where only behavioral 
codes 1 and 2 are deduced.  While further data collection and 
observation may yield more information on subtle aspects of 
animal behavior, determination of when an animal is eating is 
of great importance to this work.  As we progress and add 
positional information, the system should allow determination 
of what was eaten, thus providing vital data to inform future 
practice in the utilization of biodiverse pastures for animal 
grazing. 


V. CONCLUSION 


This paper presents initial findings from an on-going project to 
assess animal foraging behavior when grazing biodiverse 
pastures.  A prototype WSN system has been developed and 


implemented for use in the field, and has yielded promising 
initial data which shows that one could, remotely and in real-
time, determine the current behavior of an animal.  In 
particular we have shown significant variation in the output of 
an accelerometer sensor when an animal is grazing versus 
when it is simply standing.   


Future work will seek to link this information to positional 
data in order that researchers can quickly assess what animals 
are choosing to eat in a biodiverse pasture.  This will inform 
future best practice in the agricultural industry by the 
improving animal nutrition and developing better integrated 
systems for animal production.  Knowledge of where animals 
are grazing could also allow deduction of resultant 
contamination (i.e. through urination) in particular areas.  This 
means that farmers can take timely remedial action, including 
measures such as rotation of animal grazing or land treatment.  
In addition, further work will seek to employ a small animal 
mounted video camera in order to provide a recorded data set 
against which to deduce codes for the accelerometer output.  It 
is hoped that this will allow for finer levels of coding in order 
to accurately deduce subtle changes in animal behavior.   
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Abstract— Non-invasive methods for monitoring foraging choice 


in free ranging grazing animals are largely limited to 


accelerometers and video calibration. Acoustic data from a 


wireless microphone attached to the skull has been used to 


distinguish between resting and feeding bouts in free ranging 


cattle, sheep and goats. Similar data has been reported in 


restrained sheep presented with forage of differing dry matter 


content.  We take these approaches further by using a small video 


camera attached to a halter in free range sheep, and software 


developed specifically for the analysis of animal sounds. 


Combined biting and mastication sounds allowed us to 


distinguish between foraged grasses and browsing activity, and 


non-foraging chewing activity in four sheep of differing body size 


and breed in the height of a UK summer for up to 8 hours. 


Keywords-automated foraging livestock monitor; browsing 


activity; audio and video analysis. 


I.  INTRODUCTION 


Grass covers 60% of the agricultural land mass in the UK, 
and uplands make up 60% of the total land mass. Upland 
pastures in particular, and the habitats they sustain, are 
characterised by bio-diverse plant species that are largely 
maintained by grazing sheep [1].  In order to understand the 
processes governing the maintenance of the uplands by sheep, 
methods need developing to quantify what sheep are actually 
choosing to eat.  In addition, there is an economic argument for 
better quality meat from animals grazing on bio-diverse 
pastures, so quantification of plant types in the diet holds 
further relevance [2]. Current drivers in the British Society for 
Animal Science, and the English Beef and Lamb Executive (a 
branch of the Agriculture and Horticulture Levy Board) are 
encouraging UK livestock production professionals to enhance 
and optimise lower input grass based farming systems [1,2]. 


In order to optimise contribution to the diet from forage, 
behavioural influences on forage selection have to be 
understood using technology that won’t interfere with the 
grazing behaviour of free ranging animals feeding on mixed 
plant communities.  The focus for this study was not on forage 
intake, which is often of concern [3-6], but whether acoustic 
analysis could be used to determine foraging choices in free 
ranging animals. We focussed on the use of acoustic analysis 
for determining foraging behaviours over realistic grazing time 
spans (several hours).  This project ran in tandem with the 


development of a wireless sensor network system integrated 
with movement sensors for positioning sheep and describing 
grazing events, a system which was initially described by the 
authors in 2013 [7] and has since progressed substantially 
toward a commercial application.  Forage intake parameters 
will thus be the subject of a future paper, and it is anticipated 
that the findings here will facilitate integration of on-animal 
audio monitoring over extended periods (weeks, months or 
even years). 


Other authors working in this area have considered bite 
event frequency, bite duration and a bite power derivative, all 
of which have been correlated with sward height [5].  It was 
demonstrated that this could be correlated with dry matter 
intake, but no differentiation between foraged plant types could 
be gained from this data.  Other work has looked at acoustic 
modelling for automated event recognition of sound signals 
including biting and chewing.  This was developed particularly 
for homogeneous feed types presented to restrained sheep. 
Segmentation and subsequent automated classification of wave 
forms for ingestive events was described separately in terms of 
frequency and relative amplitude for either orchard grass or 
alfalfa (Medicago sativa), and for sward height. The work 
described forage type with  67% accuracy and  foraging event 
with 82% accuracy [6]. 


This paper therefore goes beyond the current state of the art 
in demonstrating that, using audio and video analysis, it is 
possible to determine the grazing behaviour of free-ranging 
sheep given a bio-diverse pasture.  Furthermore, the work 
demonstrates that, with further calibration, it would be possible 
to provide real-time information regarding the grazing habits of 
free-ranging animals through sound analysis alone.  This will 
be a major step change in current analysis, which often relies 
upon time-consuming human observation.  Obviously this 
method cannot be conducted continuously over grazing 
seasons, thus limiting the available information regarding the 
eating habits of free-ranging animals. 


 


II. METHODOLOGY 


A. Experimental Setup 


Four mature ewes were supplied:  A Texel (~70 kg), two 
Hebrideans , and a Welsh Balwen (all approx. 30 kg).   







Each sheep was fitted with a chromium tanned leather 
halter (Kamer Ltd®) to which was attached a small video 
camera with a 120° wide angle lens.  These are illustrated in 
Figure 1.The experiments were carried out at OS location 
333781,371970 Shotwick, Cheshire UK.   


Figure 2 shows an overview of the testing site.  The two 
fields (outlined in yellow, each 20 × 60 metres) had not 
received artificial fertiliser for at least 20 years and had been 
lightly grazed by sheep (n=3 or 4) for the last 11 years.  Field 2 
(Section 4-6) contained 5 fruit trees.  


Plant diversity in paddocks (% occurrence) was examined 
on this bio-diverse mature pasture during June 2013 when seed 
heads on grasses made plant identification easier [7,8].  The 
fields were equally sectioned into three as outlined in  


Figure 2 and 20 × 1 m
2
 quadrats were measured in each 


field section.  The diversity is indicated in  


Table 1, with the area being found to contain clover-rye 
grass, with additional red fescue, Yorkshire fog, timothy, and 
meadow grass mixtures. 


 


 


(a) 
(b) 


 


Figure 1. Illustrating (a) the car key fob micro video camera with 32GB 


memory and 120° wide angle lens, and (b) the mode of attachment to a Texel 
ewe via a halter.  


  
 


Figure 2. Aerial view of test site which consists of two fields (Field 1 is 
denoted by Sections 1-3, Field 2 by Sections 4-6), with each section numbered 


arbitrarily.  Measurements of plant species were conducted in June 2013 and 


these measurements are provided in  
Table 1. 


B. Sound and Video Analysis 


SoundAnalysis Pro 2011 was utilised for analysis of audio 
sounds from animals; the software has been specifically 
designed for this purpose and offers a wide range of audio 
analysis capability.  This was combined with the video data 
recorded to identify what animals were eating at the time of 
each sound, thus allowing appropriate categorisation and 
subsequent calibration.  


 


 


Table 1. Quantification of plant species growing at test site during June 2013, measured immediately prior to monitoring of animal grazing.  Figures are shown as 


percentages for each section of the test side, with sections labelled in Figure 2.  Plant species classified at “Other” included: Groundsel (Senecio vulgaris), Ladies 
Shepherds Purse (Cpasella bursa-pastoris), Sweet Vernal (Anthoxanthum odoratum), Daisy (Bellis perennis), Dock (Ramus obtusifolus), Nettle (Urtica diocia), 


Chickweed (Stellaria media) and Cocksfoot (Dactylis glomerata). 


Field 
Section # 


(see Figure 
2) 


Meadow 
Grass 


(Poa spp) 


Rye 
Grass 


(Lolium 
perenne) 


Clover 


(Trifolium 
repens) 


Thistle 


(Urtica 
dioica) 


Y Fog 


(Holcus 
lanatus) 


Common 
Mouse Ear 


(Cerastium 
fontanum) 


Red 
Fescue 


(Festuca 
rubra) 


Buttercup 


(Ranunculu
s repens) 


Timothy 


(Phleum 
pratense) 


Other 


1 2 17 13 17 9 3 12 13 12 1 


2 10 22 21 17 6 2 8 11 2 1 


3 14 25 19 9 10 6 9 7 0 5 


4 21 29 29 0 1 6 1 6 0 14 


5 21 21 16 0 0 9 0 10 0 16 


6 21 21 16 0 0 9 0 10 0 16 


 


 


 


 


 


 







The SoundAnalysis Pro 2011 manual [9] reviews globally 
recognised descriptors of animal sounds based on pitch, 
goodness of pitch, amplitude modulation, frequency 
modulation and Wiener entropy.  Wiener entropy corresponds 
with the degree of dynamic change of the energy in a sound. 
SoundAnalysis Pro 2011 has been reviewed with other free 
ware in terms of its capability for separation of broadband 
sounds characteristic of animal sounds and has been found to 
be relatively immune to background disturbance [10]. 


All animals were videoed foraging during July 1-21 2013 
on three or four occasions for up to 8h at a time.  Audio files 
were processed in the following fashion: 


1. Conversion to WAV format for ease of processing 
using FormatFactory


1
 freeware application; 


2. Segmented into 10 second clips using Audacity
2
 


freeware application; 


3. Imported into SoundAnalysis Pro 2011 for data 
acquisition in respect of globally recognised sound 
descriptors; 


4. Exported to SPSS 21® for discriminate function 
analysis and one-way ANOVA. 


The globally recognised sound descriptors considered 
particularly were: frequency modulation; amplitude 
modulation; pitch; goodness of pitch; and Wiener entropy.  Up 
to 12 selections of foraging activity or category were randomly 
chosen in order to give appropriate confidence in the reported 
findings. 


III. RESULTS AND DISCUSSION 


The paddocks were very bio diverse in both grasses and 
meadow plants, as demonstrated in  


Table 1, and were thus well suited to this study.  The sound 
descriptor variables were heavily asymmetric, and so they were 
normalised using a log10 transformation based on pitch and 
goodness of pitch data [9].  All variables were further 
normalised via calculating variation from the median.  
Discriminate function analysis was performed on the five 
sound descriptors, classifying by foraging category [9,10].  The 
first derived component described 94% of the variation in the 
data, dominated by Wiener entropy. 


Resting or background noise and vocalisation were 
discriminated from foraging categories with 100% and 94% 
accuracy, but the foraging categories were discriminated from 
each other with only 47% accuracy. Discriminate function 
analysis was not able to differentiate between browsing and 
grazing foraging categories, as shown in Figure 3.  


The effect of foraging category on mean values for the 
sound descriptors frequency modulation, amplitude 
modulation, pitch, goodness of pitch and Wiener entropy were 
therefore examined with a one way ANOVA.  Post-hoc testing 
was performed with a least significant difference test 
( p< 0.05).   


                                                           
1  Available at http://www.pcfreetime.com/. 
2 Available at http://audacity.sourceforge.net/. 


 


 


Figure 3. Discriminate function analysis on normalised sound descriptors for 


a Hebridean ewe indicating differentiation of vocalisation (purple) from 
foraging activity (other colours), but no differentiation between different 


categories of foraging.  


Four sound descriptors effectively discriminated between 
foraging categories and sample data for frequency; examples 
for two sheep are presented in Figure 4. Mean amplitude 
modulation showed discriminating capability between foraging 
categories. 


The globally recognised sound descriptors pitch, goodness 
of pitch, frequency modulation and Wiener entropy all proved 
useful at distinguishing between the foraging categories in all 
sheep.  Differences between mean data across foraging 
categories were significant (p < 0.001).  Patterns of change 
across foraging categories were also similar.  Background 
chewing had lower values for pitch and frequency than those 
for other foraging categories. Dryer forage (browsed versus 
grazed forage) produced higher frequency and pitch of biting 
and mastication.  Grazing on lush clover or rye grass 
dominated sward in general produced lower frequency and 
pitch values. 


Dry matter content of forage has been inferred from 
presented homogeneous forage material [3].  This agrees with 
previous research where higher dry matter material received 
more chews per bite [8].  


The smaller sheep (Hebrideans and Welsh Balwen) had 
higher values for normalised frequency data (range 40-50) and 
normalised pitch data (range 2.26 to 3.10) than the Texel 
(ranges 0-10; -0.13 to  -0.03).  This may have related to the 
resonance qualities of smaller or larger skulls during biting and 
mastication.  This indicates that data would have to be 
calibrated for larger or smaller animals in the case of a flock of 
unequal sizes.  In general this is not the case and breeding 
flocks tend to be of uniform size.  It may only be necessary to 
place equipment on a limited number of animals in a flock to 
gain insight into forage use and impact of grazing on the 
habitat.  


Wiener entropy describes the dynamic change in sound 
energy and this is also said to be primarily influenced by the 
amount of dry matter in forage material [6].  Mean values 
produced a particularly strong differentiation across foraging 
categories as can be seen in Figure 5.  It is not associated with 







amplitude per se which is perhaps borne out by the strong 
impact of Wiener entropy on the data, and not amplitude.  


 
(a) 


 


 
(b) 


 


Figure 4. Mean (a) frequency modulation and (b) pitch data across foraging 


categories in a Hebridean ewe n=4-12 clips of 10s sound trace per foraging 
category taken between July 1-21st 2013.  Foraging categories: (2) clover 


dominated sward; (3) rye grass dominated sward; (4) dry fruit tree leaf; 


(5) fescue seed heads; (6) background chewing and (12) pure clover sward. 


 


Figure 5. Mean Wiener entropy values across foraging categories for a 
Hebridean ewe.  Foraging categories: (2) clover dominated sward; (3) rye 


grass dominated sward; (4) dry fruit tree leaf; (5) fescue seed heads; (6) 


background chewing and (12) pure clover sward. 


IV CONCLUSION 


Differentiation of foraging categories in terms of the plant 


community eaten from sounds transmitted via the mouth parts 


and associated with biting and mastication was possible in all 


sheep grazing on mixed swards. Forages with higher dry 


matter content produced higher pitch and frequency data.  


Individual ‘calibration’ of animals seems in order based on 


resonance qualities of skull size.  These data will compliment 


technologies to be used in an impending wider study, where 


free ranging sheep will be located and their foraging 


movements followed with an accelerometer, in real time and 


over seasonal timescales. These technologies will provide a 


useful management tool for monitoring the impact of free 


ranging animals on mixed swards. The data will be of interest 


to land managers in bio diverse habitats with sensitive areas 


that require careful grazing.  
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Abstract— Non-invasive methods for monitoring foraging choice 


in free ranging grazing animals are largely limited to 


accelerometers and video calibration. Acoustic data from a 


wireless microphone attached to the skull has been used to 


distinguish between resting and feeding bouts in free ranging 


cattle, sheep and goats. Similar data has been reported in 


restrained sheep presented with forage of differing dry matter 


content.  We take these approaches further by using a small video 


camera attached to a halter in free range sheep, and software 


developed specifically for the analysis of animal sounds. 


Combined biting and mastication sounds allowed us to 


distinguish between foraged grasses and browsing activity, and 


non-foraging chewing activity in four sheep of differing body size 


and breed in the height of a UK summer for up to 8 hours. 


Keywords-automated foraging livestock monitor; browsing 


activity; audio and video analysis. 


I.  INTRODUCTION 


Grass covers 60% of the agricultural land mass in the UK, 
and uplands make up 60% of the total land mass. Upland 
pastures in particular, and the habitats they sustain, are 
characterised by bio-diverse plant species that are largely 
maintained by grazing sheep [1].  In order to understand the 
processes governing the maintenance of the uplands by sheep, 
methods need developing to quantify what sheep are actually 
choosing to eat.  In addition, there is an economic argument for 
better quality meat from animals grazing on bio-diverse 
pastures, so quantification of plant types in the diet holds 
further relevance [2]. Current drivers in the British Society for 
Animal Science, and the English Beef and Lamb Executive (a 
branch of the Agriculture and Horticulture Levy Board) are 
encouraging UK livestock production professionals to enhance 
and optimise lower input grass based farming systems [1,2]. 


In order to optimise contribution to the diet from forage, 
behavioural influences on forage selection have to be 
understood using technology that won’t interfere with the 
grazing behaviour of free ranging animals feeding on mixed 
plant communities.  The focus for this study was not on forage 
intake, which is often of concern [3-6], but whether acoustic 
analysis could be used to determine foraging choices in free 
ranging animals. We focussed on the use of acoustic analysis 
for determining foraging behaviours over realistic grazing time 
spans (several hours).  This project ran in tandem with the 


development of a wireless sensor network system integrated 
with movement sensors for positioning sheep and describing 
grazing events, a system which was initially described by the 
authors in 2013 [7] and has since progressed substantially 
toward a commercial application.  Forage intake parameters 
will thus be the subject of a future paper, and it is anticipated 
that the findings here will facilitate integration of on-animal 
audio monitoring over extended periods (weeks, months or 
even years). 


Other authors working in this area have considered bite 
event frequency, bite duration and a bite power derivative, all 
of which have been correlated with sward height [5].  It was 
demonstrated that this could be correlated with dry matter 
intake, but no differentiation between foraged plant types could 
be gained from this data.  Other work has looked at acoustic 
modelling for automated event recognition of sound signals 
including biting and chewing.  This was developed particularly 
for homogeneous feed types presented to restrained sheep. 
Segmentation and subsequent automated classification of wave 
forms for ingestive events was described separately in terms of 
frequency and relative amplitude for either orchard grass or 
alfalfa (Medicago sativa), and for sward height. The work 
described forage type with  67% accuracy and  foraging event 
with 82% accuracy [6]. 


This paper therefore goes beyond the current state of the art 
in demonstrating that, using audio and video analysis, it is 
possible to determine the grazing behaviour of free-ranging 
sheep given a bio-diverse pasture.  Furthermore, the work 
demonstrates that, with further calibration, it would be possible 
to provide real-time information regarding the grazing habits of 
free-ranging animals through sound analysis alone.  This will 
be a major step change in current analysis, which often relies 
upon time-consuming human observation.  Obviously this 
method cannot be conducted continuously over grazing 
seasons, thus limiting the available information regarding the 
eating habits of free-ranging animals. 


 


II. METHODOLOGY 


A. Experimental Setup 


Four mature ewes were supplied:  A Texel (~70 kg), two 
Hebrideans , and a Welsh Balwen (all approx. 30 kg).   







Each sheep was fitted with a chromium tanned leather 
halter (Kamer Ltd®) to which was attached a small video 
camera with a 120° wide angle lens.  These are illustrated in 
Figure 1.The experiments were carried out at OS location 
333781,371970 Shotwick, Cheshire UK.   


Figure 2 shows an overview of the testing site.  The two 
fields (outlined in yellow, each 20 × 60 metres) had not 
received artificial fertiliser for at least 20 years and had been 
lightly grazed by sheep (n=3 or 4) for the last 11 years.  Field 2 
(Section 4-6) contained 5 fruit trees.  


Plant diversity in paddocks (% occurrence) was examined 
on this bio-diverse mature pasture during June 2013 when seed 
heads on grasses made plant identification easier [7,8].  The 
fields were equally sectioned into three as outlined in  


Figure 2 and 20 × 1 m
2
 quadrats were measured in each 


field section.  The diversity is indicated in  


Table 1, with the area being found to contain clover-rye 
grass, with additional red fescue, Yorkshire fog, timothy, and 
meadow grass mixtures. 


 


 


(a) 
(b) 


 


Figure 1. Illustrating (a) the car key fob micro video camera with 32GB 


memory and 120° wide angle lens, and (b) the mode of attachment to a Texel 
ewe via a halter.  


  
 


Figure 2. Aerial view of test site which consists of two fields (Field 1 is 
denoted by Sections 1-3, Field 2 by Sections 4-6), with each section numbered 


arbitrarily.  Measurements of plant species were conducted in June 2013 and 


these measurements are provided in  
Table 1. 


B. Sound and Video Analysis 


SoundAnalysis Pro 2011 was utilised for analysis of audio 
sounds from animals; the software has been specifically 
designed for this purpose and offers a wide range of audio 
analysis capability.  This was combined with the video data 
recorded to identify what animals were eating at the time of 
each sound, thus allowing appropriate categorisation and 
subsequent calibration.  


 


 


Table 1. Quantification of plant species growing at test site during June 2013, measured immediately prior to monitoring of animal grazing.  Figures are shown as 


percentages for each section of the test side, with sections labelled in Figure 2.  Plant species classified at “Other” included: Groundsel (Senecio vulgaris), Ladies 
Shepherds Purse (Cpasella bursa-pastoris), Sweet Vernal (Anthoxanthum odoratum), Daisy (Bellis perennis), Dock (Ramus obtusifolus), Nettle (Urtica diocia), 


Chickweed (Stellaria media) and Cocksfoot (Dactylis glomerata). 


Field 
Section # 


(see Figure 
2) 


Meadow 
Grass 


(Poa spp) 


Rye 
Grass 


(Lolium 
perenne) 


Clover 


(Trifolium 
repens) 


Thistle 


(Urtica 
dioica) 


Y Fog 


(Holcus 
lanatus) 


Common 
Mouse Ear 


(Cerastium 
fontanum) 


Red 
Fescue 


(Festuca 
rubra) 


Buttercup 


(Ranunculu
s repens) 


Timothy 


(Phleum 
pratense) 


Other 


1 2 17 13 17 9 3 12 13 12 1 


2 10 22 21 17 6 2 8 11 2 1 


3 14 25 19 9 10 6 9 7 0 5 


4 21 29 29 0 1 6 1 6 0 14 


5 21 21 16 0 0 9 0 10 0 16 


6 21 21 16 0 0 9 0 10 0 16 


 


 


 


 


 


 







The SoundAnalysis Pro 2011 manual [9] reviews globally 
recognised descriptors of animal sounds based on pitch, 
goodness of pitch, amplitude modulation, frequency 
modulation and Wiener entropy.  Wiener entropy corresponds 
with the degree of dynamic change of the energy in a sound. 
SoundAnalysis Pro 2011 has been reviewed with other free 
ware in terms of its capability for separation of broadband 
sounds characteristic of animal sounds and has been found to 
be relatively immune to background disturbance [10]. 


All animals were videoed foraging during July 1-21 2013 
on three or four occasions for up to 8h at a time.  Audio files 
were processed in the following fashion: 


1. Conversion to WAV format for ease of processing 
using FormatFactory


1
 freeware application; 


2. Segmented into 10 second clips using Audacity
2
 


freeware application; 


3. Imported into SoundAnalysis Pro 2011 for data 
acquisition in respect of globally recognised sound 
descriptors; 


4. Exported to SPSS 21® for discriminate function 
analysis and one-way ANOVA. 


The globally recognised sound descriptors considered 
particularly were: frequency modulation; amplitude 
modulation; pitch; goodness of pitch; and Wiener entropy.  Up 
to 12 selections of foraging activity or category were randomly 
chosen in order to give appropriate confidence in the reported 
findings. 


III. RESULTS AND DISCUSSION 


The paddocks were very bio diverse in both grasses and 
meadow plants, as demonstrated in  


Table 1, and were thus well suited to this study.  The sound 
descriptor variables were heavily asymmetric, and so they were 
normalised using a log10 transformation based on pitch and 
goodness of pitch data [9].  All variables were further 
normalised via calculating variation from the median.  
Discriminate function analysis was performed on the five 
sound descriptors, classifying by foraging category [9,10].  The 
first derived component described 94% of the variation in the 
data, dominated by Wiener entropy. 


Resting or background noise and vocalisation were 
discriminated from foraging categories with 100% and 94% 
accuracy, but the foraging categories were discriminated from 
each other with only 47% accuracy. Discriminate function 
analysis was not able to differentiate between browsing and 
grazing foraging categories, as shown in Figure 3.  


The effect of foraging category on mean values for the 
sound descriptors frequency modulation, amplitude 
modulation, pitch, goodness of pitch and Wiener entropy were 
therefore examined with a one way ANOVA.  Post-hoc testing 
was performed with a least significant difference test 
( p< 0.05).   


                                                           
1  Available at http://www.pcfreetime.com/. 
2 Available at http://audacity.sourceforge.net/. 


 


 


Figure 3. Discriminate function analysis on normalised sound descriptors for 


a Hebridean ewe indicating differentiation of vocalisation (purple) from 
foraging activity (other colours), but no differentiation between different 


categories of foraging.  


Four sound descriptors effectively discriminated between 
foraging categories and sample data for frequency; examples 
for two sheep are presented in Figure 4. Mean amplitude 
modulation showed discriminating capability between foraging 
categories. 


The globally recognised sound descriptors pitch, goodness 
of pitch, frequency modulation and Wiener entropy all proved 
useful at distinguishing between the foraging categories in all 
sheep.  Differences between mean data across foraging 
categories were significant (p < 0.001).  Patterns of change 
across foraging categories were also similar.  Background 
chewing had lower values for pitch and frequency than those 
for other foraging categories. Dryer forage (browsed versus 
grazed forage) produced higher frequency and pitch of biting 
and mastication.  Grazing on lush clover or rye grass 
dominated sward in general produced lower frequency and 
pitch values. 


Dry matter content of forage has been inferred from 
presented homogeneous forage material [3].  This agrees with 
previous research where higher dry matter material received 
more chews per bite [8].  


The smaller sheep (Hebrideans and Welsh Balwen) had 
higher values for normalised frequency data (range 40-50) and 
normalised pitch data (range 2.26 to 3.10) than the Texel 
(ranges 0-10; -0.13 to  -0.03).  This may have related to the 
resonance qualities of smaller or larger skulls during biting and 
mastication.  This indicates that data would have to be 
calibrated for larger or smaller animals in the case of a flock of 
unequal sizes.  In general this is not the case and breeding 
flocks tend to be of uniform size.  It may only be necessary to 
place equipment on a limited number of animals in a flock to 
gain insight into forage use and impact of grazing on the 
habitat.  


Wiener entropy describes the dynamic change in sound 
energy and this is also said to be primarily influenced by the 
amount of dry matter in forage material [6].  Mean values 
produced a particularly strong differentiation across foraging 
categories as can be seen in Figure 5.  It is not associated with 







amplitude per se which is perhaps borne out by the strong 
impact of Wiener entropy on the data, and not amplitude.  


 
(a) 


 


 
(b) 


 


Figure 4. Mean (a) frequency modulation and (b) pitch data across foraging 


categories in a Hebridean ewe n=4-12 clips of 10s sound trace per foraging 
category taken between July 1-21st 2013.  Foraging categories: (2) clover 


dominated sward; (3) rye grass dominated sward; (4) dry fruit tree leaf; 


(5) fescue seed heads; (6) background chewing and (12) pure clover sward. 


 


Figure 5. Mean Wiener entropy values across foraging categories for a 
Hebridean ewe.  Foraging categories: (2) clover dominated sward; (3) rye 


grass dominated sward; (4) dry fruit tree leaf; (5) fescue seed heads; (6) 


background chewing and (12) pure clover sward. 


IV CONCLUSION 


Differentiation of foraging categories in terms of the plant 


community eaten from sounds transmitted via the mouth parts 


and associated with biting and mastication was possible in all 


sheep grazing on mixed swards. Forages with higher dry 


matter content produced higher pitch and frequency data.  


Individual ‘calibration’ of animals seems in order based on 


resonance qualities of skull size.  These data will compliment 


technologies to be used in an impending wider study, where 


free ranging sheep will be located and their foraging 


movements followed with an accelerometer, in real time and 


over seasonal timescales. These technologies will provide a 


useful management tool for monitoring the impact of free 


ranging animals on mixed swards. The data will be of interest 


to land managers in bio diverse habitats with sensitive areas 


that require careful grazing.  
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This is a supplementary report to the publications on Radio frequency ID/accelerometry and sound analysis 


of foraging behaviour please see the attached publications 


Technology for monitoring real time patterns in summer foraging behaviour in ewes and the role of 


water soluble carbohydrate levels in grass in directing circadian patterns in grazing behaviour.  


J Sneddon & A Mason .  Liverpool John Moores University.   


The following questions are addressed in more detail in this supplementary report: 


• What are sheep actually choosing to eat? And how to find this out in real time? 


• Can we hear video-validated foraging behaviour in sheep grazing on a bio-diverse pasture 


and is this consistent across sampling events?  


• Is summer grazing behaviour in sheep driven by water soluble carbohydrate levels in 


pasture as has appeared to be the case in mid winter at this location? 


 


There is a movement in the UK livestock production systems to enhance and optimize lower input grass 


based farming systems (Buller et al 2009), to eat locally, and to use sustainable local resources. EBLEX is 


interested in understanding more about this livestock system in England,   and this was a major theme for 


discussion among delegates at a  British Society for Animal Science conference on ewe nutrition at 


Nottingham University in April 2014.   The Regional Land Use project ‘Eating biodiversity’ provided 


scientific evidence that meat from animals that ate pasture rich in biodiversity was of superior quality (Buller 


et al. 2009). Acoustic modelling for automated event recognition of foraging sound signals has been 


developed for livestock including sheep (Milone et al. 2009; Galli at al. 2011). These experiments have not 


been executed in a free ranging environment where animals have foraging choice in a bio-diverse 


environment.   Feed was presented to animals - either orchard grass & alfalfa cut to different heights to 


provide a proxy for ingested biomass. Discriminate function analysis  was used to segment, and 


automatically classify wave forms for ingestive events that were described separately in terms of  frequency 


& relative amplitude. The software also described sward height with 67% accuracy; foraging events with 82% 


accuracy. Validation was performed with direct video viewing.  Ungar et al (2006) worked on free range 


sheep, goats and cattle in Israel and Devon. They used a strain gauge apparatus placed around the jaw in 


conjunction with a wireless condenser microphone annealed to horns or to the poll area of the halter to 


describe biting and chewing events. Bite event frequency, relative pressure of the bite from a derivative of 


amplitude (a power derivative from the sound –possibly Wiener entropy?), and bite duration were 


correlated with sward height which in turn correlated with dry matter intake. There was no differentiation 


between ingested plant types.  


We wanted to progress thinking in the area by using high quality miniature video cameras the size of a car 


key fob with 120o wide angle lenses (808HD Car Key Micro version 16) in order to follow foraging sheep in 


real time, while  foraging on a bio-diverse pasture at the height of the English summer grazing season. 


Analysis of video data was performed manually in terms of time stamps for foraging behaviours. Sound 


data was processed into ‘.wav’ files and run through SoundAnalysis pro 2011 freeware assessed to be the 


best for the job (Baker and Lough 2003).  This software had originally been developed to study and quantify 


parameters associated with birdsong. SoundAnalysis pro 2011 produced numerical data for analysis. 


Parameters of interest according to internationally recognised sound descriptors are Wiener entropy, pitch,  


amplitude of the wave form  and frequency of the wave form.  Wiener Entropy is a measure of the width 


and uniformity of the power spectrum in a sound not associated with amplitude of a wave per se. It is 


measured on a log scale. A narrow power spectrum corresponds with a purer tone and has a large 


negative value. A broad power spectrum has an entropy value that approaches zero.  The Wiener entropy 
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corresponds to the degree of dynamic change of the energy in a sound .  Details of the  theory are  covered 


in the SoundAnalysis Pro 2011 manual (Tchernichovski 2011).  


Seminal work performed by Pollock and Jones in 1979 proved that water soluble carbohydrate levels in 


common species of rye grass in the UK vary both dramatically and seasonally (Fig 1). Levels peak in winter 


months when storage surpasses growth, and diminish in the growing season when utilisation for growth 


and reproduction exceeds storage. Sheep prefer eating water soluble carbohydrate-rich swards (Allsop et 


al 2009; Ciavarella et al 1998). Rutter however  would maintain that fibre content of forage is the driver for 


diurnal rhythms in grazing patterns in sheep and cattle  (Rutter 2006) in that  rumen fill and the negation of 


head down position at night would be a protective mechanism against nocturnal predators.  


 


 


 


Do water soluble carbohydrate i.e.  non structural carbohydrate levels in summer rye grass-dominated 


pasture influence the diurnal grazing patterns formerly established in November-December for the ewes in 


this study (Fig 2.)? The site location and sward biodiversity of the site are fully described (Mason and 


Sneddon  2013, 2014). We have already formerly shown a strong association between grazing intensity 


monitored by placing a GPS unit on ewes (Trimble Geo XH Plate 1) and water soluble carbohydrate levels 


in sward in November-December 2011 (Fig 3). In this study, grass samples were gathered at 4 hourly 


intervals from 12 locations in two 20x60m paddocks (6 per paddock) using random metre square quadrats 


between mid November and mid December in 2011. Water soluble carbohydrate levels were significantly 


different in heavily grazed areas as depicted by a GPS unit placed individually on each sheep (Plate 1.Fig 3  


n=206 grass samples per group F= 6.43 p<0.01). A study on summer water soluble carbohydrate levels in 
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pasture was therefore designed to compliment this data to be gathered on visual and acoustic methods for 


monitoring foraging activity.  


 


 


 


Fig 3. 


Plate 1.  Texel ewe 


accompanied by welsh 


Balwens  wearing a 


Trimble GeoXH® GPS 


unit to fix grazing 


intensity at Shotwick 


field site. 
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. Methods 


Monitoring acoustic and video information in foraging ewes on a bio-diverse pasture 


We used SoundAnalysis Pro 2011 freeware and a 120o lens video cameras (808 HD Car Key Micro #16) 


 


Fig 2. Data from 


accelerometers (black 


shading) placed on the poll 


of a headcollar  for grazing 


ewes at Shotwick 


(designated by head 


down)movements  in three 


sheep September 2011 – 


September 2012. The 


vertical axis is month and 


the horizontal time of day. 


The red lines indicate the 


grazing season (Start of 


April to mid September) It 


can be seen from the pattern 


of the data that there are two 


more intensive grazing 


sessions at dawn and dusk 


in all three individuals. The 


sheep were one Texel and 


two Balwens. The proportion 


of time spent grazing varies 


from 30 – 50% depending 


on the time of year (black 


shading increases in 


volume), with the highest 


values in summer months 


(between two red lines).  


Plate 2.  120o lens video 


camera  808 HD Car Key Micro 


Camera (#16) 
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The camera delivered 2h of 15 min video files with its existing lithium battery before requiring a 2h recharge. 


We attempted to improve the battery life by purchasing the smallest lithium battery possible (Relchron®), 


however this could not be placed inside the housing of the camera and was eventually deemed 


unsatisfactory after a single  8h recording session on each animal in 2013. Two hour video recordings 


formed the bulk of our data set and  were performed in daylight hours on one Texel, one Balwen and two 


Hebridean ewes (one old and one younger, and on a new Hebridean ewe purchased in April 2014). 


Monitoring took place between Jul and August 2013 and during August 2014 when the sward was 


considerably more dessicated. Each sheep had of 2-8h recording per session during end of July and 


throughout August 2013 and in August 2014, each over a total period of 3 weeks (2013) and 2 weeks 


(2014). These sampling times were chosen to be comparable across measuring intervals in the mid 


summer grazing season. The grazing experiments were run in July and August in 2013 because 


technology had to be piloted, water soluble carbohydrate levels were monitored in grass in June July along 


with survey work on the pasture (Mason and Sneddon 2013). The parallel experiments ion the  


development of a Radio Frequency ID system and an on board accelerometer were conducted from April to 


July 2013 (Mason and Sneddon 2013).  Mounting of the camera on the sheep halter is illustrated in Plate 3. 


Details of the animals are also given in the accompanying conference papers (Mason and Sneddon 2013, 


2014).  


 


 


SoundAnalysis Pro 2011 was deemed to be the best freeware to process the acoustic data and obtain 


numerical variables of interest (Baker and Lough 2003). 


After conversion to WAV format files using Factory Format freeware, random acoustic clips, Six to ten clips 


per foraging category were taken for each sheep on each day of monitoring, giving at least 10 seconds of 


recording per acoustic sample. These samples were categorised using manual video viewing and then 


were excised from videos using Audacity freeware, and processed through SoundAnalysis Pro 2011. 


Numerical data for Wiener entropy, frequency, amplitude and pitch together with a time stamp were 


acquired from each acoustic trace using the explore and score function in SoundAnalysis Pro 2011. These 


data files were exported to Excel 2007, and were then imported to SPSSv21 for analysis and 


representation.  


Statistical analysis of data (Tchernichovski 2011) 


Acoustic data are heavily asymmetric and were therefore transformed using log10 apart from Wiener 


entropy as this is already on a log scale. A one way ANOVA was run in SPSS v21 was used to assess the 


effects of foraging noise category on Wiener entropy, frequency, pitch and amplitude.  Water soluble 


carbohydrate data were not normal and were analysed with a Mann Whitney test.   A significance level of 


p<0.05 was assumed. 


Plate 3. Mounting of video camera 


on Texel ewe 
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Water soluble carbohydrate analysis in summer pasture June – July 2013. 


Three replicates of grass samples, cut approximately 2.5cm above the ground were collected from each of 


six  metre squared quadrats in two  adjacent paddocks of 60 x 20m dimension, and were stored 


immediately in Ziploc® bags and were transported within 5  minutes to a domestic freezer at --25o C. Metre 


squared quadrats were randomly allocated over the course of sampling 5am – 6 am and 5 pm to 6 pm for 


three  weeks from mid June to mid July 2013. Grass samples were kept in  a -25o C freezer for storage to 


await analysis of water soluble carbohydrate content. Samples were transported on dry ice to the laboratory. 


A  0.8 – 1 g frozen grass sample was dried at 60o C overnight. Samples were cooled in a desiccator with 


CuSO4 crystals. 0.2 g dried grass sample was then placed in 100 ml distilled deionised water in a 250 ml 


flat bottomed flask. These were placed on shaker at 250 rpm for an hour then 1 ml supernatant was placed 


in 12 ml anthrone reagent in a 50 ml Ehrlen-Meyer flat bottom flask and incubated for 3 min on a hotplate at 


80o C. Optical density of this solution was read in a spectrophotometer at 620 nm, after 2 minutes cooling. 


mg/g fructose were calculated against fructose standards exposed to the same procedure. Fructose 


standards 0, 2.5, 5, 7.5, 10, 12.5, 15 mg ml in 100 ml total volume. Three  minutes was deemed optimal an 


optimal incubation period, after trying periods of 2-8 minutes. This agrees with the methods of  Willis (1954), 


and ensured that polymers of water soluble carbohydrate were hydrolysed to fructose. Anthrone reagent 


consists of  0.5 g anthrone powder, 340 ml water and 660 ml concentrated sulphuric acid and was kept at 


4O C until needed. 


Results 


  ‘Resting’ or background noise & sheep vocalisation were discriminated from foraging noise descriptors 


using discriminate function analysis with 100% and 94% accuracy (Fig 4).   Numbers 1-10 in the key in Fig 


4 describe foraging noise categories with 6 indicating background noise.  All sound descriptors gave 


excellent discrimination of foraging events, normally at the p<0.0001 level (see significance values in Least 


Significant tables in Appendix 1). 


 


 


Fig 4. Discriminate function analysis 


on background noise and components 


describing foraging noise categories 


composed of the sound descriptors 


Wiener entropy, pitch, amplitude and 


frequency.  The weightings for 


background and vocalisation 


classifiers in the analysis within the 


first derived component describing 


over 90% of the variation in the data 


were up to two orders of magnitude 


larger than those for the foraging 


activities. This indicated that the 


discriminating power of foraging 


noises was not compromised by 


background noise. Data were 


gathered throughout July and August 


2013.  
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Fig 5. Results for water soluble 


carbohydrate analysis on 


summer pasture June-July 


2013. Levels between am and 


pm sampling intervals were not 


significantly different (n=180 


p<0.8). 
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Fig 6 A pie chart indicating foraging behaviour data obtained via 8h of continual video analysis in an elderly 


Hebridean ewe versus that obtained from 6-10 randomly selected components of video-validated data 


obtained over three weeks in July/August 2013 using the pitch sound descriptor to categorise the foraging 


codes.  Any of the sound descriptors would of course have sufficed as a categorising variable for a pie 


chart as they all changed simultaneously between foraging codes. There was broad agreement between 


types of foraging noise category, but not in their relative proportions when the shorter but more intensive 


sampling strategy was compared with samples taken over a few  weeks. Similar observations in foraging 


patterns were seen for other sheep monitored for 8h, for fine and broader scale sampling intervals.   


Real time foraging data from manual observations of video material in a Hebridean ewe grazing a biodiverse pasture 
over 8h  in August 2013. Grazing time was 235 minutes 21s out of 480 minutes or 49% of monitoring time. 


Rye grass


Clover sward
Clover rye    grass mixed sward


Thistle


Meadow grass species 


Dry fruit tree 
leaves  & browse


Apple
Sugar beet 
feed


Fig 6.  
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Fig 7 indicates foraging behaviour as categorised by the pitch sound descriptor obtained from randomly 


selected data (6-10 traces per category) over August 2013 and August 2014 in Texel, Balwen and in the 


young Hebridean ewe. A clear difference exists in foraging behaviour across measuring events with browse 


or sugar beet making up more of the dietary intake in 2014 when an extremely dry July had presumably 


diminished the quality of the sward (Plate 4). 


 


Fig 7.  
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Met office data 
NW England & 
Wales N 


Max oC Min oC Hours sun Rainfall mm 


June 2013 17.2 8.5 188.5 61.5 


July  2013 22 12.1 268.5 94.2 


July 2014 20.8 11.5 240.2 10.5 


 


 


 


 


Data from sound descriptors used to categorise foraging events in free grazing ewes of different body size.  


   


 
 
Sound descriptors used were the globally recognised descriptors Wiener entropy, pitch and frequency 
(Tchernichovski 2011).  
 
Key for data on foraging noise categories Figs 8 - 12 
 
1 Sugar beet shreds supplied in a recycled rubber tyre feed bowl  
2 Clover dominated sward        
3 Rye grass dominated sward (succulent  in July 2013;   drier in August 2014 – Plate 4) 
4 Dry leaves on ground 
5. Meadow grass (soft Poa spp) 
6. Background noise in the environment         
7. Thistle heads  or dead nettles 
8. Sheep vocalisation  
10. Fruit (apple)  tree leaves 
11. Red fescue grass (fibrous) 
12 Fruit (un-discriminated) tree leaves 
22. Ruminating (chewing the cud on rye grass sward) 
  


Plate 5: example 


Hebridean, Texel and 


Balwen ewes. The Texel 


was twice the size (70 vs 


35 kg) of the other 


breeds. See associated 


conference papers for 


details (Mason & 


Sneddon 2013). 


Plate 4.  Illustration of 


sward quality 


influenced by climate 


data the month before 


grazing experiments 


took place in early 


August 2013 (left) & In 


early August 2014 


(right). Accompanying 


weather data for NW 


England N Wales from 


the meteorological 


office. Water soluble 


carbohydrate 


measurements were 


conducted in mid June 


to mid July 2013. 
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Fig 8: Mean (95%CI) data for sound descriptors Wiener entropy (more negative values indicate sounds with 


more dynamic energy; values closer to zero have less energy), pitch and frequency for August 2014 (LH 


graphs ) and July/August 2013 (RH graphs) for Texel ewe. Acoustic data discriminated between foraging 


categories robustly (p<0.0001). Amplitude data mirrored that of pitch so were not presented for 


conciseness. Acoustic data samples were taken from 6-10 randomly  chosen traces of at least 10 seconds  


long giving 1000 data points per second. 
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Fig 9: Mean (95%CI) data for sound descriptors Wiener entropy, pitch and frequency for August 2014 (LH 


graphs ) and August 2013 (RH graphs) for Balwen  ewe. Acoustic data discriminated foraging categories 


robustly (p<0.0001). Amplitude data mirrored that of pitch so were not presented. Acoustic data samples 


were taken from 6-10 randomly  chosen traces of at least 10 seconds  long giving 1000 data points per 


second. 
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Fig 10: Mean (95%CI) data for sound descriptors Wiener entropy, pitch and frequency for August 2014 (LH 


graphs ) and August 2013 (RH graphs) for younger  Hebridean ewe. Acoustic data discriminated foraging 


categories robustly (p<0.0001). Amplitude data mirrored that of pitch so were not presented. Acoustic data 


samples were taken from 6-10 randomly  chosen traces of at least 10 seconds  long giving 1000 data 


points per second. 
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Fig 11: Mean (95%CI) data for sound descriptors Wiener entropy, pitch and frequency for August 2014 for 


a new Hebridean ewe. Acoustic data discriminated foraging categories robustly (p<0.0001). Amplitude data 


mirrored that of pitch so were not presented. Acoustic data samples were taken from 6-10 randomly  


chosen traces of at least 10 seconds  long giving 1000 data points per second. 
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Fig 12: Mean (95%CI) data for sound descriptors Wiener entropy, pitch and frequency for August 2013 for 


old Hebridean ewe. Acoustic data discriminated foraging categories robustly (p<0.0001). Amplitude data 


mirrored that of pitch so were not presented. Acoustic data samples were taken from 6-10 randomly  


chosen traces of at least 10 seconds  long giving 1000 data points per second. 
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Discussion 


This project was designed to address the questions of whether acoustic data could be used as a non 


invasive technique for monitoring foraging behaviour in free ranging sheep, and whether grazing behaviour 


in summer months was influenced by higher water soluble carbohydrate levels in rye grass dominated 


pasture. 


Water soluble carbohydrate levels in pasture 


The data in Fig 2 covering September 2011 to September 2012 illustrates a strong seasonal influence on 


grazing activity in the sheep used in this study that is well established in the scientific literature. Grazing 


times vary from about 30% of total time budget in winter to 50% of total time budget in summer. This is 


supported by Arnold (1984). The question of interest is how does sward makeup influence foraging choice 


within the context of promoting grass based production systems in the UK.  The meteorological data 


accompanying Plate 4. indicates that in June and July 2013 growing and seeding conditions for grass were 


optimal. Fig 5 indicates that there was no difference in water soluble carbohydrate levels in sward between 


am and pm sampling times. Lehmeier et al (2010) describe the efficiency with which stores of carbohydrate 


can be utilised for growth in rye grass and that this response has a remarkably flexible sensitivity to change 


in day length. One criticism of the data in this study would be that sampling times were not four hourly as in 


the November to December 2011study we performed, and in De Souza et al 2005.  De Souza et al. 2005, 


working in a tropical area of Brazil also showed high water soluble carbohydrate deposition rates in Lolium 


in comparison to indigenous species of grass. They apparently observed some fluctuation in diurnal 


concentration of water soluble carbohydrates in Lolium together,  and their approach influenced our 


sampling regime. Their data for Lolium  however had suspiciously low standard deviations in comparison 


with ours (Figs 3 & 5).  De Souza did point out that water soluble carbohydrate levels are of potential 


interest in studies on foraging choice in mixed swards.  Pollock and Jones (1979) showed that there are 


very different water soluble carbohydrate deposition levels in low (L perenne L) and high (L Perenne H) 


deposition ryegrass cultivars (Fig 1). The sward grazed in this study, although ryegrass dominated, was 


very bio-diverse having not been fertilised in living memory (at least 30 years). It could well be that the 


water soluble carbohydrate deposition profile mimicked that of graph d (L perenne L) rather than graph c (L 


perenne H), or somewhere in between (Fig 1). Diurnal fluctuations in water soluble carbohydrate levels 


would possibly only be observed in winter months when ambient temperature had dropped well below the 


6oC required for sward growth. Fig 1 graphs c & d both indicate that in both L perenne cultivars, water 


soluble carbohydrate deposition is much higher in grass stems than in leaves. While both stems and leaves 


of grazed sward are of course ingested, leaves are proportionately more abundant in peak summer and 


would therefore form a higher proportion of intake than stems. The converse would be true for winter when 


sward growth was much slower or absent. It is not therefore possible to speculate that water soluble 


carbohydrate levels in winter grazed sward having an influence on foraging choice.  Rutter (2006) would 


add that dietary fibre is of prime importance in diurnal fluctuations in foraging behaviour – particularly the 


focus on dawn and dusk grazing (Fig 2) as a mechanism to fill the rumen and preclude the necessity for a 


vulnerable ‘head down’ position in an evolutionary environment where carnivorous predators were 


nocturnal.  


In future it should be possible to monitor sward health away from the lab using sensor technology. It is 


possible to use hyper-spectral imaging to obtain information about the nutrient status of grazed sward 


based on the reflectance properties of chlorophylls as they senesce (Ferweda 2005). From file sizes in this 


study it appears that video information has ~ 40 times the data density of acoustic information or radio 


signals. If wireless bandwidth were not limiting in a sensor network context, visual information on nutrient 


status of the sward could be transmitted in real time using hyper-spectral imaging techniques over seasonal 


timescales. This is certainly something we will be looking into in the near future, in conjunction with 


Professor Serge Wich and a final year Honours student at Liverpool John Moores University.  
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Acoustic measurements of foraging activity by ewes grazing on bio-diverse swards 


 Figs 6 – 12 indicate that the acoustic monitoring of foraging behaviour in free ranging sheep, laboriously 


validated with video observations, did give robust discrimination (p<0.001) between different foraging 


activities in all animals and in August 2013 and  2014 sampling sessions. Sounds picked up by the video 


recorders placed against the skull and near the mouth (Plate 3), were presumably amplified by the sound 


box properties of the sheep skull. Acoustic data could be used to illustrate and discriminate between 


browsing and grazing activity, vocalisation and chewing activity in all sheep. Consistency in the pattern of 


acoustic data was observed in terms of grazing versus browsing.  Fig 8:  illustrates that the Texel ewe 


browsing leaves gave higher Wiener entropy (less negative i.e. nearer zero) thus lower dynamic energy 


values than grazing. This was backed up by higher frequency and pitch values. Fig 8 also supports Fig 4 in 


terms of the relative quietness of background noise (high value for Wiener entropy; low pitch and 


frequency). The inclusion of background noise in acoustic data of all sheep therefore had no effect on the 


consistency of the discriminating ability acoustic data for determining foraging activity with a video camera 


placed right against the skull. Figs 9,10,11 and 12 illustrate that the smaller Balwen and Hebridean sheep  


also had lower values (i.e. nearer to zero) for Wiener entropy  on leaf browse than on graze. Fig 9 presents 


data for the Welsh Balwen and includes vocalisation data to illustrate how distinctive this is in comparison 


to the acoustic properties for foraging activities. The Texel is a typical size of commercial sheep compared 


with the Welsh Balwen or Hebridean. The Hebridean is of course a rare bred commonly used in 


conservation grazing as browse forms a significant part of their diet (R Small. Rare Breeds Conservation 


Trust personal communication).  


The absolute values for the sound descriptors in August 2014 while within similar ranges to those in 2013  


were not the same. In July 2014 the weather influencing the August sward was exceptionally dry and the 


grass would have had very different qualities to the sward in 2013 (Plate 4). Perhaps acoustic data could 


be used to assist with monitoring sward quality as well as distinguishing foraging behaviour. Lush  sward in 


2013 has less negative  Wiener entropy values  than drier sward in 2014 (Fig 8,9,10,12). 


Continual monitoring of foraging behaviour over 8h gave comparable data on the range of foraging 


categories when compared with data acquired from randomly selected replicates of acoustic traces over 10 


days of recording. This is illustrated for a Hebridean sheep in Fig 6 and similar trends were observed for the 


Balwen, the Texel and the other Hebridean sheep in 2013. The visual coding of video data is labour 


intensive and one 8h file can take three days of work from capture to presentation of data as seen in Fig 6. 


There was a discrepancy in proportion of time spent within each foraging category between real time and 


randomly selected data and integrated over several days (Fig 6). The requirement for automated real time 


video monitoring is therefore important if intricate detail on foraging activity on bio-diverse pasture is 


required e.g. for land management purposes. If broader brush information like grazing versus browsing or 


grazing versus inactivity (ruminating)  is sufficient  real time video monitoring may not be required and 


foraging data from smaller acoustic files validated as required by video can be integrated and examined 


over several days or weeks. For example,  at wider landscape scales grazing versus browsing or foraging 


on different upland plant community types e.g. heather Molinia spp.  Nardus  spp.  


In sensitive bio-diverse pastures where conservation grazing is used to maintain a balance in plant 


communities, where protection of plant communities is the aim, or where grazing is used to control invasive 


plant species, more intensive sampling of acoustic information,  backed by appropriate intervals of video 


calibration would be more important.  We therefore argue that there is a requirement for the development of 


automated techniques for transfer of real time video data over wireless sensor networks, and we have no 


doubt that this will come given current data streaming technology status for e.g. the film industry.    It may 


not be necessary for continual streaming of video data transfer given that a 15 min video file uses 800 Mb 


of data and a comparable sound file 20 Mb of data therefore 40x less bandwidth space. Video may be used 
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for appropriate calibration of acoustic data when grazing environments or grazing conditions change via an 


automated switching process. Battery power is definitely a consideration when asking for real time data. 


Battery top up is possible with appropriately engineered photovoltaic cells, as long as batteries are never 


given the opportunity to run down.  


In conclusion, foraging information supplied via acoustic data has been proven a worthwhile technology 


support to data on foraging supplied by accelerometry (Fig 2; Mason & Sneddon 2013; Moreau et al. 2006).  


Plans for the future: further development of the technologies RFID, accelerometer, video for managing free 


range sheep. 


EBLEX kindly let us extend this project to cover another grazing season and it ended up being dovetailed 


with a complimentary project on virtual fencing where the RFID and accelerometer components were futher 


developed by Alex Mason, and were incorporated with an acoustic device for engendering an avoidance 


response in sheep.   


Interestingly, field visit early on in the EBLEX project by Liz Genever  in late June 2013, produced a 


discussion about virtual fencing as a good way forward for these technologies.  Since then we have been 


successful in applying for a Small Business Research Initiative Virtual Fencing call run by theTechnology 


Strategy Board (an arm of DEFRA) in Wales. Their aim was to find a fenceless fence to provide  protection 


of sensitive waterways from incursion by grazing sheep and cattle, and to prevent browsing damage in 


young saplings planted along such waterways. This grant and this ran from February 2014  – July 2014. 


The second phase runs from 1st December 2014-1st December 2015. We had the interview for Phase 2 


funding 20th August and we heard on 28th August 2014  that we had been successful in obtaining this 


funding. Phase 1 was proof of concept can an acoustic stimulus be used to engender an avoidance 


response in sheep.  Phase 2 is designed to take the process to market and show case it via the research 


and commercial sectors.  


 Alex Mason has also got to the interview  on October 9th 2914 stage on a 5 year 1.5 million EU grant 


application considerably extending the thinking we have developed for the EBLEX project including.  


So we would like to thank EBLEX for starting us on this journey and we hope that it proves to be the start of 


an extended and interesting research journey. 


 


References 


Allsop, A., Nicol, A. & Edwards, G. (2009). Effect of water soluble carbohydrate concentration of ryegrass 
on the partial preference of sheep for clover. Proceedings of the New Zealand Animal Production Society, 
69, 20-23. 
 


Arnold GW (1984) Comparison of the time budgets and circadian patterns of maintenance activities in 


sheep., cattle and horses grouped together. Applied Animal Behaviour Science, 13 19--30  


Baker MC  and Louge DM (2003) Population differentiation in a complex bird sound A comparison of three 


bioacoustical methods Ethology 109: 223-242 


Buller H (2009) ‘Eating Biodiversity’ An investigation of the links between quality food production and 
biodiversity  ESRC Swindon. 


Ciavarella , T., Simpson, R., Dove, H. & Leury , B. (1998) Diet selection by sheep grazing pastures with 
differing water soluble carbohydrate contents. 1998. ASAP. 
 







19 
 


De Souza A, Sandrini CZ,. Moraes MG (2005) Diurnal variations of non-structural carbohydrates in 
vegetative tissues of Melinis minutiflora, Echinolaena inflexa and Lolium multiflorum (Poaceae).  
Revista Brasil. Bot.,.28(4): 755-763 
 


Ferwerda JG (2005) Charting  the Quality of Forage Measuring and Mapping the Variation of Chemical 
Components in Foliage with Hyperspectral Remote Sensing Charting the Quality of Forage. Mapping and 
Measuring the Variation of Chemical Components in Foliage with Hyperspectral Remote 
Sensing. 2005. PhD thesis. 183 pages. ITC dissertation number: 126. ISBN Nummer: 90-8504-209-7. ITC. 
Enschede, the Netherlands. 
 
 
Galli J.R., Cangiano C.A., Milone D.H., and Laca E.A. (2011) Acoustic monitoring of short term ingestive 
behaviour and intake in grazing sheep.  Livestock Science 140:32-41. 
 
 
Jones E. L  and  Roberts JE (1991) Source: A Note on the Relationship between Palatability and  Water-


Soluble Carbohydrates Content inPerennial Ryegrass Irish Journal of Agricultural Research, Vol. 30, No. 2, 


pp. 163-167 Published by: TEAGASC-Agriculture and Food Development  Authority Stable.  


Lehmeier CA , Lattanzi FA (2010) Day-length effects on carbon stores for respiration of perennial ryegrass. 
New Phytologist 188: 719–725 


Mason A and J. Sneddon,  (2014) "Automatic classification of foraging behaviour in sheep using Radio 
Frequency ID, movement sensor and video technology", BSAS Advances in Animal Biosciences, Vol 5, 
Part 1, pp. 16, ISSN: 20404700.  


Mason A and J. Sneddon (2013) "Automated monitoring of foraging behaviour in free ranging sheep 
grazing a biodiverse pasture", Seventh International Conference Sensing Technology (ICST2013), pp. 46-
51, DOI: 10.1109/ICSensT.2013.672761. 


Milone DH,  Rufiner HL,  Galli JR,  Laca EA, Cangianoe CA (2009)  Computational method for 


segmentation and classification of ingestive sounds in sheep. Computers and Electronics in Agriculture 


6(5):228-237. 


Moreau M, Siebert S, Buerkert A & Schlecht E (2009) Use of a tri axial accelerometer for automated 
recording and classification of goats’ grazing behaviour Applied Animal Behaviour Science 119: 158-170. 
 


Pollock CJ & Jones TJ (1979) Seasonal patterns of water soluble carbohydrate metabolism in forage grass. 


New Phytologist  83: 9-15 


Rutter SM (2006) Diet preference for grass and legumes in free-ranging domestic sheep and cattle: Current 
theory and future application *Applied Animal Behaviour Science 97: 17–35 


Sneddon J  and A. Mason, "Automated Monitoring of Foraging Behaviour in Free Ranging Sheep Grazing a 
Bio-diverse Pasture using Audio and Video Information", Eighth International Conference Sensing 
Technology (ICST2014)2-4th September Liverpool John Moores University, In-Press.  


 
Tchernichovski O (2011) SoundAnalysis Pro 2011 User Manual http://soundanalysispro.com   


Ungar E.D. & Rutter S.M (2006) Classifying cattle jaw movements: Comparing IGER Behavioural Recorder 
and acoustic techniques. Applied Animal Behaviour Science 98:11-27. 


Willis, E. W. (1954). The Estimation of Carbohydrates in Plant Extracts by Anthrone. Biochemical Journal 


57:  508-513. De Cassia R 





biejsned
File Attachment
Supplementary information for this report




1 
 


This is a supplementary report to the publications on Radio frequency ID/accelerometry and sound analysis 


of foraging behaviour please see the attached publications 


Technology for monitoring real time patterns in summer foraging behaviour in ewes and the role of 


water soluble carbohydrate levels in grass in directing circadian patterns in grazing behaviour.  


J Sneddon & A Mason .  Liverpool John Moores University.   


The following questions are addressed in more detail in this supplementary report: 


• What are sheep actually choosing to eat? And how to find this out in real time? 


• Can we hear video-validated foraging behaviour in sheep grazing on a bio-diverse pasture 


and is this consistent across sampling events?  


• Is summer grazing behaviour in sheep driven by water soluble carbohydrate levels in 


pasture as has appeared to be the case in mid winter at this location? 


 


There is a movement in the UK livestock production systems to enhance and optimize lower input grass 


based farming systems (Buller et al 2009), to eat locally, and to use sustainable local resources. EBLEX is 


interested in understanding more about this livestock system in England,   and this was a major theme for 


discussion among delegates at a  British Society for Animal Science conference on ewe nutrition at 


Nottingham University in April 2014.   The Regional Land Use project ‘Eating biodiversity’ provided 


scientific evidence that meat from animals that ate pasture rich in biodiversity was of superior quality (Buller 


et al. 2009). Acoustic modelling for automated event recognition of foraging sound signals has been 


developed for livestock including sheep (Milone et al. 2009; Galli at al. 2011). These experiments have not 


been executed in a free ranging environment where animals have foraging choice in a bio-diverse 


environment.   Feed was presented to animals - either orchard grass & alfalfa cut to different heights to 


provide a proxy for ingested biomass. Discriminate function analysis  was used to segment, and 


automatically classify wave forms for ingestive events that were described separately in terms of  frequency 


& relative amplitude. The software also described sward height with 67% accuracy; foraging events with 82% 


accuracy. Validation was performed with direct video viewing.  Ungar et al (2006) worked on free range 


sheep, goats and cattle in Israel and Devon. They used a strain gauge apparatus placed around the jaw in 


conjunction with a wireless condenser microphone annealed to horns or to the poll area of the halter to 


describe biting and chewing events. Bite event frequency, relative pressure of the bite from a derivative of 


amplitude (a power derivative from the sound –possibly Wiener entropy?), and bite duration were 


correlated with sward height which in turn correlated with dry matter intake. There was no differentiation 


between ingested plant types.  


We wanted to progress thinking in the area by using high quality miniature video cameras the size of a car 


key fob with 120o wide angle lenses (808HD Car Key Micro version 16) in order to follow foraging sheep in 


real time, while  foraging on a bio-diverse pasture at the height of the English summer grazing season. 


Analysis of video data was performed manually in terms of time stamps for foraging behaviours. Sound 


data was processed into ‘.wav’ files and run through SoundAnalysis pro 2011 freeware assessed to be the 


best for the job (Baker and Lough 2003).  This software had originally been developed to study and quantify 


parameters associated with birdsong. SoundAnalysis pro 2011 produced numerical data for analysis. 


Parameters of interest according to internationally recognised sound descriptors are Wiener entropy, pitch,  


amplitude of the wave form  and frequency of the wave form.  Wiener Entropy is a measure of the width 


and uniformity of the power spectrum in a sound not associated with amplitude of a wave per se. It is 


measured on a log scale. A narrow power spectrum corresponds with a purer tone and has a large 


negative value. A broad power spectrum has an entropy value that approaches zero.  The Wiener entropy 
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corresponds to the degree of dynamic change of the energy in a sound .  Details of the  theory are  covered 


in the SoundAnalysis Pro 2011 manual (Tchernichovski 2011).  


Seminal work performed by Pollock and Jones in 1979 proved that water soluble carbohydrate levels in 


common species of rye grass in the UK vary both dramatically and seasonally (Fig 1). Levels peak in winter 


months when storage surpasses growth, and diminish in the growing season when utilisation for growth 


and reproduction exceeds storage. Sheep prefer eating water soluble carbohydrate-rich swards (Allsop et 


al 2009; Ciavarella et al 1998). Rutter however  would maintain that fibre content of forage is the driver for 


diurnal rhythms in grazing patterns in sheep and cattle  (Rutter 2006) in that  rumen fill and the negation of 


head down position at night would be a protective mechanism against nocturnal predators.  


 


 


 


Do water soluble carbohydrate i.e.  non structural carbohydrate levels in summer rye grass-dominated 


pasture influence the diurnal grazing patterns formerly established in November-December for the ewes in 


this study (Fig 2.)? The site location and sward biodiversity of the site are fully described (Mason and 


Sneddon  2013, 2014). We have already formerly shown a strong association between grazing intensity 


monitored by placing a GPS unit on ewes (Trimble Geo XH Plate 1) and water soluble carbohydrate levels 


in sward in November-December 2011 (Fig 3). In this study, grass samples were gathered at 4 hourly 


intervals from 12 locations in two 20x60m paddocks (6 per paddock) using random metre square quadrats 


between mid November and mid December in 2011. Water soluble carbohydrate levels were significantly 


different in heavily grazed areas as depicted by a GPS unit placed individually on each sheep (Plate 1.Fig 3  


n=206 grass samples per group F= 6.43 p<0.01). A study on summer water soluble carbohydrate levels in 
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pasture was therefore designed to compliment this data to be gathered on visual and acoustic methods for 


monitoring foraging activity.  


 


 


 


Fig 3. 


Plate 1.  Texel ewe 


accompanied by welsh 


Balwens  wearing a 


Trimble GeoXH® GPS 


unit to fix grazing 


intensity at Shotwick 


field site. 
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. Methods 


Monitoring acoustic and video information in foraging ewes on a bio-diverse pasture 


We used SoundAnalysis Pro 2011 freeware and a 120o lens video cameras (808 HD Car Key Micro #16) 


 


Fig 2. Data from 


accelerometers (black 


shading) placed on the poll 


of a headcollar  for grazing 


ewes at Shotwick 


(designated by head 


down)movements  in three 


sheep September 2011 – 


September 2012. The 


vertical axis is month and 


the horizontal time of day. 


The red lines indicate the 


grazing season (Start of 


April to mid September) It 


can be seen from the pattern 


of the data that there are two 


more intensive grazing 


sessions at dawn and dusk 


in all three individuals. The 


sheep were one Texel and 


two Balwens. The proportion 


of time spent grazing varies 


from 30 – 50% depending 


on the time of year (black 


shading increases in 


volume), with the highest 


values in summer months 


(between two red lines).  


Plate 2.  120o lens video 


camera  808 HD Car Key Micro 


Camera (#16) 
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The camera delivered 2h of 15 min video files with its existing lithium battery before requiring a 2h recharge. 


We attempted to improve the battery life by purchasing the smallest lithium battery possible (Relchron®), 


however this could not be placed inside the housing of the camera and was eventually deemed 


unsatisfactory after a single  8h recording session on each animal in 2013. Two hour video recordings 


formed the bulk of our data set and  were performed in daylight hours on one Texel, one Balwen and two 


Hebridean ewes (one old and one younger, and on a new Hebridean ewe purchased in April 2014). 


Monitoring took place between Jul and August 2013 and during August 2014 when the sward was 


considerably more dessicated. Each sheep had of 2-8h recording per session during end of July and 


throughout August 2013 and in August 2014, each over a total period of 3 weeks (2013) and 2 weeks 


(2014). These sampling times were chosen to be comparable across measuring intervals in the mid 


summer grazing season. The grazing experiments were run in July and August in 2013 because 


technology had to be piloted, water soluble carbohydrate levels were monitored in grass in June July along 


with survey work on the pasture (Mason and Sneddon 2013). The parallel experiments ion the  


development of a Radio Frequency ID system and an on board accelerometer were conducted from April to 


July 2013 (Mason and Sneddon 2013).  Mounting of the camera on the sheep halter is illustrated in Plate 3. 


Details of the animals are also given in the accompanying conference papers (Mason and Sneddon 2013, 


2014).  


 


 


SoundAnalysis Pro 2011 was deemed to be the best freeware to process the acoustic data and obtain 


numerical variables of interest (Baker and Lough 2003). 


After conversion to WAV format files using Factory Format freeware, random acoustic clips, Six to ten clips 


per foraging category were taken for each sheep on each day of monitoring, giving at least 10 seconds of 


recording per acoustic sample. These samples were categorised using manual video viewing and then 


were excised from videos using Audacity freeware, and processed through SoundAnalysis Pro 2011. 


Numerical data for Wiener entropy, frequency, amplitude and pitch together with a time stamp were 


acquired from each acoustic trace using the explore and score function in SoundAnalysis Pro 2011. These 


data files were exported to Excel 2007, and were then imported to SPSSv21 for analysis and 


representation.  


Statistical analysis of data (Tchernichovski 2011) 


Acoustic data are heavily asymmetric and were therefore transformed using log10 apart from Wiener 


entropy as this is already on a log scale. A one way ANOVA was run in SPSS v21 was used to assess the 


effects of foraging noise category on Wiener entropy, frequency, pitch and amplitude.  Water soluble 


carbohydrate data were not normal and were analysed with a Mann Whitney test.   A significance level of 


p<0.05 was assumed. 


Plate 3. Mounting of video camera 


on Texel ewe 
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Water soluble carbohydrate analysis in summer pasture June – July 2013. 


Three replicates of grass samples, cut approximately 2.5cm above the ground were collected from each of 


six  metre squared quadrats in two  adjacent paddocks of 60 x 20m dimension, and were stored 


immediately in Ziploc® bags and were transported within 5  minutes to a domestic freezer at --25o C. Metre 


squared quadrats were randomly allocated over the course of sampling 5am – 6 am and 5 pm to 6 pm for 


three  weeks from mid June to mid July 2013. Grass samples were kept in  a -25o C freezer for storage to 


await analysis of water soluble carbohydrate content. Samples were transported on dry ice to the laboratory. 


A  0.8 – 1 g frozen grass sample was dried at 60o C overnight. Samples were cooled in a desiccator with 


CuSO4 crystals. 0.2 g dried grass sample was then placed in 100 ml distilled deionised water in a 250 ml 


flat bottomed flask. These were placed on shaker at 250 rpm for an hour then 1 ml supernatant was placed 


in 12 ml anthrone reagent in a 50 ml Ehrlen-Meyer flat bottom flask and incubated for 3 min on a hotplate at 


80o C. Optical density of this solution was read in a spectrophotometer at 620 nm, after 2 minutes cooling. 


mg/g fructose were calculated against fructose standards exposed to the same procedure. Fructose 


standards 0, 2.5, 5, 7.5, 10, 12.5, 15 mg ml in 100 ml total volume. Three  minutes was deemed optimal an 


optimal incubation period, after trying periods of 2-8 minutes. This agrees with the methods of  Willis (1954), 


and ensured that polymers of water soluble carbohydrate were hydrolysed to fructose. Anthrone reagent 


consists of  0.5 g anthrone powder, 340 ml water and 660 ml concentrated sulphuric acid and was kept at 


4O C until needed. 


Results 


  ‘Resting’ or background noise & sheep vocalisation were discriminated from foraging noise descriptors 


using discriminate function analysis with 100% and 94% accuracy (Fig 4).   Numbers 1-10 in the key in Fig 


4 describe foraging noise categories with 6 indicating background noise.  All sound descriptors gave 


excellent discrimination of foraging events, normally at the p<0.0001 level (see significance values in Least 


Significant tables in Appendix 1). 


 


 


Fig 4. Discriminate function analysis 


on background noise and components 


describing foraging noise categories 


composed of the sound descriptors 


Wiener entropy, pitch, amplitude and 


frequency.  The weightings for 


background and vocalisation 


classifiers in the analysis within the 


first derived component describing 


over 90% of the variation in the data 


were up to two orders of magnitude 


larger than those for the foraging 


activities. This indicated that the 


discriminating power of foraging 


noises was not compromised by 


background noise. Data were 


gathered throughout July and August 


2013.  
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Fig 5. Results for water soluble 


carbohydrate analysis on 


summer pasture June-July 


2013. Levels between am and 


pm sampling intervals were not 


significantly different (n=180 


p<0.8). 
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Fig 6 A pie chart indicating foraging behaviour data obtained via 8h of continual video analysis in an elderly 


Hebridean ewe versus that obtained from 6-10 randomly selected components of video-validated data 


obtained over three weeks in July/August 2013 using the pitch sound descriptor to categorise the foraging 


codes.  Any of the sound descriptors would of course have sufficed as a categorising variable for a pie 


chart as they all changed simultaneously between foraging codes. There was broad agreement between 


types of foraging noise category, but not in their relative proportions when the shorter but more intensive 


sampling strategy was compared with samples taken over a few  weeks. Similar observations in foraging 


patterns were seen for other sheep monitored for 8h, for fine and broader scale sampling intervals.   


Real time foraging data from manual observations of video material in a Hebridean ewe grazing a biodiverse pasture 
over 8h  in August 2013. Grazing time was 235 minutes 21s out of 480 minutes or 49% of monitoring time. 


Rye grass


Clover sward
Clover rye    grass mixed sward


Thistle


Meadow grass species 


Dry fruit tree 
leaves  & browse


Apple
Sugar beet 
feed


Fig 6.  
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Fig 7 indicates foraging behaviour as categorised by the pitch sound descriptor obtained from randomly 


selected data (6-10 traces per category) over August 2013 and August 2014 in Texel, Balwen and in the 


young Hebridean ewe. A clear difference exists in foraging behaviour across measuring events with browse 


or sugar beet making up more of the dietary intake in 2014 when an extremely dry July had presumably 


diminished the quality of the sward (Plate 4). 


 


Fig 7.  
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Met office data 
NW England & 
Wales N 


Max oC Min oC Hours sun Rainfall mm 


June 2013 17.2 8.5 188.5 61.5 


July  2013 22 12.1 268.5 94.2 


July 2014 20.8 11.5 240.2 10.5 


 


 


 


 


Data from sound descriptors used to categorise foraging events in free grazing ewes of different body size.  


   


 
 
Sound descriptors used were the globally recognised descriptors Wiener entropy, pitch and frequency 
(Tchernichovski 2011).  
 
Key for data on foraging noise categories Figs 8 - 12 
 
1 Sugar beet shreds supplied in a recycled rubber tyre feed bowl  
2 Clover dominated sward        
3 Rye grass dominated sward (succulent  in July 2013;   drier in August 2014 – Plate 4) 
4 Dry leaves on ground 
5. Meadow grass (soft Poa spp) 
6. Background noise in the environment         
7. Thistle heads  or dead nettles 
8. Sheep vocalisation  
10. Fruit (apple)  tree leaves 
11. Red fescue grass (fibrous) 
12 Fruit (un-discriminated) tree leaves 
22. Ruminating (chewing the cud on rye grass sward) 
  


Plate 5: example 


Hebridean, Texel and 


Balwen ewes. The Texel 


was twice the size (70 vs 


35 kg) of the other 


breeds. See associated 


conference papers for 


details (Mason & 


Sneddon 2013). 


Plate 4.  Illustration of 


sward quality 


influenced by climate 


data the month before 


grazing experiments 


took place in early 


August 2013 (left) & In 


early August 2014 


(right). Accompanying 


weather data for NW 


England N Wales from 


the meteorological 


office. Water soluble 


carbohydrate 


measurements were 


conducted in mid June 


to mid July 2013. 
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Fig 8: Mean (95%CI) data for sound descriptors Wiener entropy (more negative values indicate sounds with 


more dynamic energy; values closer to zero have less energy), pitch and frequency for August 2014 (LH 


graphs ) and July/August 2013 (RH graphs) for Texel ewe. Acoustic data discriminated between foraging 


categories robustly (p<0.0001). Amplitude data mirrored that of pitch so were not presented for 


conciseness. Acoustic data samples were taken from 6-10 randomly  chosen traces of at least 10 seconds  


long giving 1000 data points per second. 
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Fig 9: Mean (95%CI) data for sound descriptors Wiener entropy, pitch and frequency for August 2014 (LH 


graphs ) and August 2013 (RH graphs) for Balwen  ewe. Acoustic data discriminated foraging categories 


robustly (p<0.0001). Amplitude data mirrored that of pitch so were not presented. Acoustic data samples 


were taken from 6-10 randomly  chosen traces of at least 10 seconds  long giving 1000 data points per 


second. 
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Fig 10: Mean (95%CI) data for sound descriptors Wiener entropy, pitch and frequency for August 2014 (LH 


graphs ) and August 2013 (RH graphs) for younger  Hebridean ewe. Acoustic data discriminated foraging 


categories robustly (p<0.0001). Amplitude data mirrored that of pitch so were not presented. Acoustic data 


samples were taken from 6-10 randomly  chosen traces of at least 10 seconds  long giving 1000 data 


points per second. 
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Fig 11: Mean (95%CI) data for sound descriptors Wiener entropy, pitch and frequency for August 2014 for 


a new Hebridean ewe. Acoustic data discriminated foraging categories robustly (p<0.0001). Amplitude data 


mirrored that of pitch so were not presented. Acoustic data samples were taken from 6-10 randomly  


chosen traces of at least 10 seconds  long giving 1000 data points per second. 
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Fig 12: Mean (95%CI) data for sound descriptors Wiener entropy, pitch and frequency for August 2013 for 


old Hebridean ewe. Acoustic data discriminated foraging categories robustly (p<0.0001). Amplitude data 


mirrored that of pitch so were not presented. Acoustic data samples were taken from 6-10 randomly  


chosen traces of at least 10 seconds  long giving 1000 data points per second. 
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Discussion 


This project was designed to address the questions of whether acoustic data could be used as a non 


invasive technique for monitoring foraging behaviour in free ranging sheep, and whether grazing behaviour 


in summer months was influenced by higher water soluble carbohydrate levels in rye grass dominated 


pasture. 


Water soluble carbohydrate levels in pasture 


The data in Fig 2 covering September 2011 to September 2012 illustrates a strong seasonal influence on 


grazing activity in the sheep used in this study that is well established in the scientific literature. Grazing 


times vary from about 30% of total time budget in winter to 50% of total time budget in summer. This is 


supported by Arnold (1984). The question of interest is how does sward makeup influence foraging choice 


within the context of promoting grass based production systems in the UK.  The meteorological data 


accompanying Plate 4. indicates that in June and July 2013 growing and seeding conditions for grass were 


optimal. Fig 5 indicates that there was no difference in water soluble carbohydrate levels in sward between 


am and pm sampling times. Lehmeier et al (2010) describe the efficiency with which stores of carbohydrate 


can be utilised for growth in rye grass and that this response has a remarkably flexible sensitivity to change 


in day length. One criticism of the data in this study would be that sampling times were not four hourly as in 


the November to December 2011study we performed, and in De Souza et al 2005.  De Souza et al. 2005, 


working in a tropical area of Brazil also showed high water soluble carbohydrate deposition rates in Lolium 


in comparison to indigenous species of grass. They apparently observed some fluctuation in diurnal 


concentration of water soluble carbohydrates in Lolium together,  and their approach influenced our 


sampling regime. Their data for Lolium  however had suspiciously low standard deviations in comparison 


with ours (Figs 3 & 5).  De Souza did point out that water soluble carbohydrate levels are of potential 


interest in studies on foraging choice in mixed swards.  Pollock and Jones (1979) showed that there are 


very different water soluble carbohydrate deposition levels in low (L perenne L) and high (L Perenne H) 


deposition ryegrass cultivars (Fig 1). The sward grazed in this study, although ryegrass dominated, was 


very bio-diverse having not been fertilised in living memory (at least 30 years). It could well be that the 


water soluble carbohydrate deposition profile mimicked that of graph d (L perenne L) rather than graph c (L 


perenne H), or somewhere in between (Fig 1). Diurnal fluctuations in water soluble carbohydrate levels 


would possibly only be observed in winter months when ambient temperature had dropped well below the 


6oC required for sward growth. Fig 1 graphs c & d both indicate that in both L perenne cultivars, water 


soluble carbohydrate deposition is much higher in grass stems than in leaves. While both stems and leaves 


of grazed sward are of course ingested, leaves are proportionately more abundant in peak summer and 


would therefore form a higher proportion of intake than stems. The converse would be true for winter when 


sward growth was much slower or absent. It is not therefore possible to speculate that water soluble 


carbohydrate levels in winter grazed sward having an influence on foraging choice.  Rutter (2006) would 


add that dietary fibre is of prime importance in diurnal fluctuations in foraging behaviour – particularly the 


focus on dawn and dusk grazing (Fig 2) as a mechanism to fill the rumen and preclude the necessity for a 


vulnerable ‘head down’ position in an evolutionary environment where carnivorous predators were 


nocturnal.  


In future it should be possible to monitor sward health away from the lab using sensor technology. It is 


possible to use hyper-spectral imaging to obtain information about the nutrient status of grazed sward 


based on the reflectance properties of chlorophylls as they senesce (Ferweda 2005). From file sizes in this 


study it appears that video information has ~ 40 times the data density of acoustic information or radio 


signals. If wireless bandwidth were not limiting in a sensor network context, visual information on nutrient 


status of the sward could be transmitted in real time using hyper-spectral imaging techniques over seasonal 


timescales. This is certainly something we will be looking into in the near future, in conjunction with 


Professor Serge Wich and a final year Honours student at Liverpool John Moores University.  
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Acoustic measurements of foraging activity by ewes grazing on bio-diverse swards 


 Figs 6 – 12 indicate that the acoustic monitoring of foraging behaviour in free ranging sheep, laboriously 


validated with video observations, did give robust discrimination (p<0.001) between different foraging 


activities in all animals and in August 2013 and  2014 sampling sessions. Sounds picked up by the video 


recorders placed against the skull and near the mouth (Plate 3), were presumably amplified by the sound 


box properties of the sheep skull. Acoustic data could be used to illustrate and discriminate between 


browsing and grazing activity, vocalisation and chewing activity in all sheep. Consistency in the pattern of 


acoustic data was observed in terms of grazing versus browsing.  Fig 8:  illustrates that the Texel ewe 


browsing leaves gave higher Wiener entropy (less negative i.e. nearer zero) thus lower dynamic energy 


values than grazing. This was backed up by higher frequency and pitch values. Fig 8 also supports Fig 4 in 


terms of the relative quietness of background noise (high value for Wiener entropy; low pitch and 


frequency). The inclusion of background noise in acoustic data of all sheep therefore had no effect on the 


consistency of the discriminating ability acoustic data for determining foraging activity with a video camera 


placed right against the skull. Figs 9,10,11 and 12 illustrate that the smaller Balwen and Hebridean sheep  


also had lower values (i.e. nearer to zero) for Wiener entropy  on leaf browse than on graze. Fig 9 presents 


data for the Welsh Balwen and includes vocalisation data to illustrate how distinctive this is in comparison 


to the acoustic properties for foraging activities. The Texel is a typical size of commercial sheep compared 


with the Welsh Balwen or Hebridean. The Hebridean is of course a rare bred commonly used in 


conservation grazing as browse forms a significant part of their diet (R Small. Rare Breeds Conservation 


Trust personal communication).  


The absolute values for the sound descriptors in August 2014 while within similar ranges to those in 2013  


were not the same. In July 2014 the weather influencing the August sward was exceptionally dry and the 


grass would have had very different qualities to the sward in 2013 (Plate 4). Perhaps acoustic data could 


be used to assist with monitoring sward quality as well as distinguishing foraging behaviour. Lush  sward in 


2013 has less negative  Wiener entropy values  than drier sward in 2014 (Fig 8,9,10,12). 


Continual monitoring of foraging behaviour over 8h gave comparable data on the range of foraging 


categories when compared with data acquired from randomly selected replicates of acoustic traces over 10 


days of recording. This is illustrated for a Hebridean sheep in Fig 6 and similar trends were observed for the 


Balwen, the Texel and the other Hebridean sheep in 2013. The visual coding of video data is labour 


intensive and one 8h file can take three days of work from capture to presentation of data as seen in Fig 6. 


There was a discrepancy in proportion of time spent within each foraging category between real time and 


randomly selected data and integrated over several days (Fig 6). The requirement for automated real time 


video monitoring is therefore important if intricate detail on foraging activity on bio-diverse pasture is 


required e.g. for land management purposes. If broader brush information like grazing versus browsing or 


grazing versus inactivity (ruminating)  is sufficient  real time video monitoring may not be required and 


foraging data from smaller acoustic files validated as required by video can be integrated and examined 


over several days or weeks. For example,  at wider landscape scales grazing versus browsing or foraging 


on different upland plant community types e.g. heather Molinia spp.  Nardus  spp.  


In sensitive bio-diverse pastures where conservation grazing is used to maintain a balance in plant 


communities, where protection of plant communities is the aim, or where grazing is used to control invasive 


plant species, more intensive sampling of acoustic information,  backed by appropriate intervals of video 


calibration would be more important.  We therefore argue that there is a requirement for the development of 


automated techniques for transfer of real time video data over wireless sensor networks, and we have no 


doubt that this will come given current data streaming technology status for e.g. the film industry.    It may 


not be necessary for continual streaming of video data transfer given that a 15 min video file uses 800 Mb 


of data and a comparable sound file 20 Mb of data therefore 40x less bandwidth space. Video may be used 
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for appropriate calibration of acoustic data when grazing environments or grazing conditions change via an 


automated switching process. Battery power is definitely a consideration when asking for real time data. 


Battery top up is possible with appropriately engineered photovoltaic cells, as long as batteries are never 


given the opportunity to run down.  


In conclusion, foraging information supplied via acoustic data has been proven a worthwhile technology 


support to data on foraging supplied by accelerometry (Fig 2; Mason & Sneddon 2013; Moreau et al. 2006).  


Plans for the future: further development of the technologies RFID, accelerometer, video for managing free 


range sheep. 


EBLEX kindly let us extend this project to cover another grazing season and it ended up being dovetailed 


with a complimentary project on virtual fencing where the RFID and accelerometer components were futher 


developed by Alex Mason, and were incorporated with an acoustic device for engendering an avoidance 


response in sheep.   


Interestingly, field visit early on in the EBLEX project by Liz Genever  in late June 2013, produced a 


discussion about virtual fencing as a good way forward for these technologies.  Since then we have been 


successful in applying for a Small Business Research Initiative Virtual Fencing call run by theTechnology 


Strategy Board (an arm of DEFRA) in Wales. Their aim was to find a fenceless fence to provide  protection 


of sensitive waterways from incursion by grazing sheep and cattle, and to prevent browsing damage in 


young saplings planted along such waterways. This grant and this ran from February 2014  – July 2014. 


The second phase runs from 1st December 2014-1st December 2015. We had the interview for Phase 2 


funding 20th August and we heard on 28th August 2014  that we had been successful in obtaining this 


funding. Phase 1 was proof of concept can an acoustic stimulus be used to engender an avoidance 


response in sheep.  Phase 2 is designed to take the process to market and show case it via the research 


and commercial sectors.  


 Alex Mason has also got to the interview  on October 9th 2914 stage on a 5 year 1.5 million EU grant 


application considerably extending the thinking we have developed for the EBLEX project including.  


So we would like to thank EBLEX for starting us on this journey and we hope that it proves to be the start of 


an extended and interesting research journey. 
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Q6: Gaps in knowledge – what gaps in knowledge did this project identify?   

 

 We need to develop a desk portal for farmers 

 We need to develop our system (incorporating a virtual fencing element) for the agricultural 

industry 

 Sward nutrient status can be interrogated by using video material tuned for the hyper-

spectral range when reflectance properties of chlorophylls can be followed in real time to 

indicate nitrogen status or senescence.  

 

Q7: Cost:benefit – what is value of this project?   

 

A huge saving in labour costs as the technologies provide an unique management tool.  They 

enable a farmer to track sheep on a real time basis Signals from sheep  foraging in the wrong 

place or  from immobile animals  can be picked up early and appropriate steps taken. This is 

particularly relevant to farmers farming in more extensive agricultural systems’ 

 

 

Q8: Additional deliverables – what activity is planned with the results from this project? 

 

Activity What is planned? When likely to happen? 

Events Visit by EBLEX staff to see 

research Sept 24th 2014 

 

 

Press articles  

 

 

Conference presentations, 

papers or posters 

3rd September 2014 

International Conference for 

sensor Technology, Liverpool 

paper presentation J Sneddon 

 

Scientific papers A paper on the full  acoustic 

data set and water soluble 

carbohydrate data  in Applied 

Animal Behaviour Science The 

supplementary report in the 

email accompanying this 

summary has made a start. 

Already published RFID and 

first part of acoustic technology 

research – plan to get a fuller 

paper submitted by the end of 

2014 

Other Grant application to EU Interview Oct 9th 2014 
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Other Grant application to DEFRA for 

phase two funding on a Virtual 

Fencing project. Phase one 

secured February – July 2014 

 

We hear during the week 25-

29th August 2014 

 


