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Abstract

The intake of an array of supplements and the body weight of over 600 cows were
monitored on Burleigh station in Queensland’s southern gulf in the 2018, 2019 and 2020 dry
seasons in the principal study. Lick block intake and cow performance were monitored with
cows offered 1) no supplement 2), a 40% urea block only or 3), a free choice of blocks
containing urea, sulphur or phosphorus. Considerable development and maintenance was
required to keep the remote monitoring infrastructure (Walk over weigh units, auto-
drafters, automatic block intake recorders and GPS tracking tags) operational. A major
technical finding was the need for simplicity in future remote monitoring equipment.
Subsidiary studies were initiated to establish algorithms for smart ear tags to identify and
qguantify block licking behaviour and therefore lick block intake as a future tool to estimate
lick- block intake without on-ground hardware. On Burleigh, cattle with Free Choice of
supplements selected sulphur rich blocks in preference over urea blocks but this did not
consistently improve liveweight change during the dry. The level of urea block consumed by
that group (average 122g urea-block/d) was similar whether estimated by remote or manual
means. The contribution of supplements to productivity was also assessed by comparing
supplement intake of cows with a high or low recorded productive history (pregnancy and
lactations). Highly productive cows consumed no more urea lick-block than low productive
cows. GPS tracking studies also showed more productive cows did not differ in their grazing
pattern or distance from water relative to low productivity or randomly selected cattle.
Study of nitrogen isotopes in the tail hair of these cows indicated that at least a part of the
basis of improved productivity was a higher nitrogen use efficiency within the body of High
productivity cows.
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Executive summary

This study was one of the first to take remote monitoring equipment at scale onto a remote
commercial cattle station and attempt to assess nutritional and growth attributes of a large number
of individual breeding cows. It sought to ascertain differences betweenlow and high performing
breeders in grazing and supplement choices, as well as to ascertain any advantage of providing
free-choice supplements.

The principle research site was a 7,615 ha paddock of sandy forest country at Burleigh Station north
of Richmond in the southern gulf region of Queensland. Monitoring was principally during the dry
season while cattle were restricted to 2 regulated water points. At each water point, a walk-over-
weigher with 4-way (2019) or 3-way (2020) automatic drafting was installed with 7 automated lick
block monitors recording time cows spent at block, to underpin the study of supplement intake.
Internetwas brought to points in the paddock allowing camera monitoring of waters and a LoRaWAN
network covered the entire paddock to support tracking of cattle movement using mOOvement GPS
eartags.

Proof of principle studies were conducted in NSW to confirm the accuracy of walk over weighing and
that time at block was a suitable indicator of daily block intake by an individual cow. The correlation
between time at block and block intake when assessed for the overall herd or for individual cattle
was r> = 0.93 and 0.75 respectively.

There were two principal commercial outcomes from the Burleigh study.

1. Cows with high reproductive performance did not graze in different areas of the paddock to
the general herd (random sample) or to cows with low reproductive performance. While
grazing pattern did not appear to explain differences in reproductive performance, analysis
of nitrogen in the tail hair suggested that High performance cows had a superior efficiency of
nitrogen use within their body. Supplement (urea block) intake of cows differing in historical
reproductive performance showed no difference between high and low productivity cows

2. Regarding offering cows either a single “urea block” (40% urea) or a free choice of blocks
containing either high urea (40%), sulphur (12%) or phosphorus (12%), the data showed no
consistent advantage of providing free choice supplements. There was no significant
reduction in liveweight loss over urea-only supplemented cattle and no reduction in weight
of block consumed. Indeed, because of the high S intake in the free choice system, the total
guantity of block eaten was higher than when only a 40% urea block was on offer. This high
sulphur block intake by free—choice cattle is not consistent with sulphur choice in other
environments and suggest that Sulphur may be a critical nutrient needing attention in

Queensland’s northern forest country

By the end of year 1 it was apparent the future of remote monitoring in that environment with
cattle, sand, salt, high temperatures and remoteness will be dependent upon simplicity, with the
fewest load-cells and electronic component possible. For this reason we conducted further proof-of-
principle studies to test whether supplement intake could be quantified by eartag accelerometers
and this proved to be the case, being evaluated on both British and Brahman breed cattle. These
eartags were not deployed on the Burleigh site but could be in future studies.

The use of smart eartags in paddocks with a LoRaWAN network offers a simple way to assess
supplement intake in northern herds across both wet and dry seasons.
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1 Background

Northern Australian cattle herds share a generic supplementation strategy of ‘phosphorus in the wet
and urea in the dry’ with decisions made on visual assessment of cattle condition, feed base and
likelihood of rain. This simplistic decision making is essential as there is rarely any objective
monitoring of pasture, animals or their nutritional status. Consequently there is a high likelihood of
supplementing with the wrong nutrients, in excess or inadequate amounts and for longer or shorter
periods than required to optimise performance. This leads to not only forgone production due to
ineffective supplementation programs but also additional direct costs due to the lack of supplement
efficacy.

Nutritional deficiency in northern Australia has been noted to be an issue of high economic impact
and is the second most costly disease in Australian beef production systems with under-
nutrition/nutritional deficiency having a modelled national cost of $117.5M. Furthermore, under-
nutrition/nutritional deficiency by comparison to the other most costly beef diseases has the highest
effect on reducing income in northern extensive rangeland grazing systems with all northern cattle
considered at risk (estimated to be approx. 4.25m head). In addition, under-nutrition/nutritional
deficiency is a predisposing factor to many other diseases (eg. botulism and reproductive wastage)
thus further causing herd-scale losses especially with regard to reproductive performance,
liveweight production and whole of herd mortality (AHW.087 Sackett & Holmes et al 2006). The
research surrounding unidentified nutritional issues in the northern cow herd and partition genetic,
nutrition and management activity timing (B.NBP.0518 McCosker et al 2010).

Similarly the CashCow project concluded that nutrition had a dominant effect on cow performance
with wet and dry season nutritional status directly impacting reproductive performance. However,
impact of various supplements was inconclusive and as such recommended further research to
determine how to efficaciously supplement energy, protein and phosphorus (B.NBP.0382 McGowan
et al 2014). Thus it is evident that improving nutrition and our understanding of nutrition in the
rangeland grazing beef industry will be one of the most significant factors in meeting the objectives
of the Meat Industry Strategic Plan 2020 (MISP 2020) productivity and profitability pillar.

This project has come about as the clear long-standing need for a more informed and strategic basis
for supplementation can now be addressed by using remote monitoring technologies to provide
data to guide the selection, timing and supply of seasonal nutritional supplements to improve
enterprise efficiency. This program provided the opportunity to collect individual data on cow and
calf performance of up to 600 breeder cows at a time and correlate this with type, quantity and
timing of supplement intake as a more objective basis of making supplementation decisions. In so
doing it also demonstrated the advantages of walk-over-weighing (WOW) and auto-draft systemsfor
strategic management decisions allowing both the improvement of quality (and thus the
compliance) and quantity of the product while also improving the efficiency by which the northern
grazing beef system is managed. The project clearly aligned with the MISP 2020 via both the supply
chain efficiency and integrity and productivity and profitability pillars.
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2 Project Objectives

The following objectives listed in the project schedule (bold text) were addressed in this
experimental program as described (plain text):

1.

Individual animal data collected and analysed for timing of voluntary supplement intake,
specific supplement selection (in the free choice based program treatments) and quantity of
supplement consumed by over 800 breeders over 2 years.

Supplement intake, live weight and pregnancy/lactation data were measured for over 800 cows
from 2017 to 2020, with some being culled and some new replacements coming in during the
study. One third of cattle were allocated to a free choices regime (urea, S, P rich blocks) and
the block intake of all cattle was monitored remotely using their time at lick block as a proven
indicator of lick block intake (g/d).

Statistical analysis of the association between supplement intake and the performance of the
breeders (Liveweight and reproduction rate) and of calf LW based on individual animal data
The data obtained from WOW system for liveweight change did not show a meaningful
association with lick block intake, even when block intake was determined for the group by
manual weighing rather than remote sensing. We also explored the alternative approach which
was to study the supplement intake and grazing patterns of breeders with a High and a Low
reproductive history, based on prior knowledge of pregnancy and lactation

Quantify the economic merit of providing nutrients in either typical multi-nutrient
supplements or allowing animal ‘free choice’ of separate high analysis supplements of single
specific minerals.

No economic assessment has been made (the only project component we did not achieve).
There were 2 reasons for this; 1; it is not specifically required in any milestone and 2; more
importantly, the lack of performance response and marginally higher total block consumption in
the Free Choice system) would make this look poor. We would prefer to now take a different
approach (post project) and to work with Olssons to document block use and animal response
on some of their other commercial sites where Free Choice is in use

Grazing behaviour of breeders with the highest and lowest liveweight production described
using GPS tracking devices.

Having worked with mOOvement to develop and apply several generations for their GPS
tracking eartags, they proved useful in showing no difference in the apparent dry season grazing
patterns of Low and High performance cattle, with the groups grazing similar area, similar
distance form water and with similar animal residence indexes. More metrics such as average
grazing speed, total distance walked etc will be sourced when the GPS collars are retrieved at
the start of the 2021 dry.

Current algorithms for dynamic weighing and supplement intake recording equipment

validated and further updated with validation data (in collaboration with Precision Pastoral)
Initial WOW validation data was conducted in association with Precision Pastoral (now DataMars)
and published as a basis for the field studies. Similarly, the association between time at block and
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block intake at both a herd scale and individual animal level has been published. Data on the
effectiveness of and algorithms for using accelerometer eartags to estimate intake has not been
published, but there are 3 draft manuscripts almost completed for that, including comparison of
algorithms for long eared Brahman cattle in comparison to Angus cattle.

Demonstrate the potential for remote technologies to reduce management costs; including
direct costs specifically but not limited to supplement, and improve productivity and supply
chain efficiency.

Our milestone on this has identified the many component that have to be working at the same
time for remote monitoring of a system (rather than just a water tank) to be a useful addition to
conventional management. The need for simplicity was the overwhelming finding andsomething
that we strived within the confine of the project to develop for future research. Specifically this
entailed assessing supplement intake by accelerometer eartags and this could conceivably be
married with mOOVement tags to provide this data.

Animal performance and production data collated and described when 25 Vit D is
supplemented as a method to improve phosphorus loading prior to the wet season and
improve phosphorus metabolism throughout the year.

We included HyD in year 1 when we had extensive trouble with the 4-way draft and so could not
get useable data. After discussion with Datamars about the drafting failure this was put downto
some coding problem in the drafter that would be very hard to diagnose and fix so we followedThe
suggestion from Datamars was to reduce the draft to 3 way draft in year, precluding sourcing
HyD data. Consequently in year 2 we moved to review Vitamin D and enhance our understanding
of this and other ways to modify breeder bone turnover, which was considered a valuable path to
futureimprovement in P management of northern cows.

Outcomes communicated throughout the project to relevant extension and adoption service
providers to ensure appropriate on farm output and outcomes are integrated into relevant
MLA adoption programs.

Due to Covid the field day program intended with DAF in 2020 did not proceed and data is only
coming together in the later stages of the project for presentation. The project information has
been portrayed in BEEF 2018 and to Olsson’ nutrition training days in 2019 and2020 that involved
3 days for presentation around cattle nutrition to producers responsible forover 200,000 cattle.
In addition two journal paper on remote equipment has been published, another 1 submitted
on Burleigh supplement access (Appendies 1,2,3) and 3 more are ready for submission on
Nitrogen use efficiency and on comparison of accelerometers for estimating supplement intake
in Brahman and British-breed cattle.

10
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3 Methodology

The description of work undertaken is best presented according to the component it was addressing.

*  Description of research herd and management

*  Establishment and validation of project infrastructure

*  Observations of grazing and supplement intake patterns of cows

*  Grazing habits of low and high performing breeder cattle in northern Australia

*  Supplements and cow productivity

*  Supplement management recommendations

*  Metabolic insights regarding bone metabolism, Vitamin D and nitrogen-use efficiency.

Consequently as these are major sections, each section is reported under a level 1 heading

4 Description of herd and management

The field studies were conducted at “Burleigh” station owned by AJM Pastoral North-east of
Richmond in Queensland’s southern gulf region (Fig 4.1. Longitude: 143.038889 Latitude: -
20.035468). A herd of up to 637 Brahman-infused breeding heifers, cows and bulls as well as
calves were monitored for the study, with weight and reproductive performance data collected
from 2017 to 2020 due to a study preceding this investigation. The herd grazed a single paddock
(7,615 ha) continuously over many years without spelling, but animals were forced to graze
different areas at different times of year by opening or closing access to reticulated water and
dams within the paddock. Supplements were supplied throughout the year, with a range of
commercially provided supplements (Olsson Ind., Brisbane, Qld.), rich in urea, sulphur, or
phosphorus available. Bulls were always present in the paddock to support year round joining,
with calving predominantly occurring during the rainy season (Dec — Mar).

The trial paddock is predominantly sandy forest country of the Southern Gulf Catchment region
which is primarily used as breeding enterprises with a one of the lowest recommended pasture
utilisation rates of 15%. Sandy forest is timbered sandy plains of low to moderately dense
woodland of wattle, bauhinia, beefwood, dead finish, arid peach, paperbarks and long- fruited
bloodwoods. Pastures are naturally dominated by Aristida spp. and annual fire grass
(Schizachyrium) species. Preferred pasture species include Black spear grass, kangaroo grass, gulf
bluegrass, forest bluegrass and desert bluegrass (Qld. Govt. 2020). Soils are deep sands - mainly
red and brown soils of light texture that are very low in phosphorous fertility. Surface runoff is
very low and categorised as 2.5.1A in the Queensland Regional Ecosystem Framework (Neldner
et al., 2019).

11
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Figure 4.1. Location of Burleigh station in Queensland’s Southern gulf where the major field
study was conducted and Armidale NSW where detailed studies were conducted.

The herd was brought in twice annually (by helicopter muster) and cows were assessed for body
condition score, lactating/dry, pregnancy status and foetal age (by rectal palpation) by an
accredited veterinarian (Geoffry Fordyce, Mikaela McClymont or John Hosie). In most cases cow
weight was also determined using a static weighing system in the race prior to pregnancy
assessment, with a drop in liveweight over the dry season being apparent (Fig. 4.2). The
seasonality of calving was apparent (Fig. 4.3).

12
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Figure 4.2. Average seasonal Liveweight and body condition scores of breeder cows in
Burleigh trial paddock 2017-2020.
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Because liveweights were available from 2017 and 2018, subgroups of cows classified as Low and
High performers were identified and studied more intently. An index of reproductive performance
was created based on the gestational and lactation status over these preceding 4 observations
(Example in Table 1). The highest index females are referred to as ‘high performance’ and the lowest
index cattle are referred to as ‘low performance’ hereafter. Some low performance females were
removed at each muster as part of normal culling procedures for age and condition.

13
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Table 1. Example of how the reproductive performance index was calculated for breeding cows
based on historical data. The average indexes of the Low and High performance cows monitored in
the study are also shown

1t round 2" round 15t round 2" round Productivity
2017 2017 2018 2018 index
Preg. | Lact. | Preg. | Lact. | Preg. | Lact. | Preg. | Lact.
Example
of high 1 1 1 1 1 1 1 1 8
Example | g |4 o |1 o |o |1 o |3
of low
Mean of 2.81 (max
LOW 4.0; min 1.33)
group Y '
Mean of 4.88
HIGH (max 6.0; min
group 4.0)

Nutritionally, most studies were made in the dry season with cattle only accessing 2 fenced waters in
the paddock over the dry season, thereby forcing them to access the water via the walk over
weighers on a regular basis. Each water point (referred to as Eldon’s and Bore 13) was fenced off
and within the perimeter yard were 4 different supplement yards. Cattle were allocated in 2018 to
one of 4 supplement groups, this was done by stratified randomisation based on Liveweight and
pregnancy after 1 round muster 2018. This was done to ensure that starting pregnancy percentage
and liveweight were uniform across supplement groups and was maintained through 2018 and 2019.
In 2020, as new animals were included in late 2019, a new randomisation was implemented using
the same criteria.

The dry season allocations for 2018 and 2019 were
Yard 1: No dry season supplement

Yard 2: 40% Urea blocks only
Yard 3: 40% Urea blocks; 12% Sulphur blocks; 12% Phosphorus blocks

Yard 4: As for yard 3 but Phosphorus blocks contained HyD vitamin D inclusion

In 2019 drafting only directed cattle to control or random availability of supplement pens. So data
from 2019 dry season was used to assess animal choice and behaviour around blocks (section 5 of
this report).

In 2020, due to difficulties with the Automatic drafters routinely failing in 2019, the trial was reduced
to 3 treatments in which treatment 4 was discarded. The reason for this was that commercial
autodrafts use software developed for 3 way drafts and was well tested, the 4 way draft initially
created for this trial was apparently not so well tested before released, so was not reliable and has
been discontinued by the manufacturer.

14
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The key on-site hardware components of the research were:

Static scales used in the race to weigh cattle (fasted after 1 night in the yards)

Walk over weighers, being one at each of the 2 waters available to the cattle

A set of 4 way autodraft gates built onto each walk over weigher unit that drafted subject to
the NLIS RFID tag of the animal and its allocation to treatment that was sorted on the

drafter’'s memory.

Automated block weighers that were developed and tested at Armidale as part of the
project and up to 14 weighers were used at Burleigh (7 per water point).

GPS tracking collars and eartags that were fitted to a subset of Low and High performance
cattle.

After discovering the challenges in maintaining load cells under block weighers when salt
blocks were used, a range of studies to evaluate eartag accelerometers as a means to
estimate lick block intake but these were not deployed at Burleigh.

15
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5 Establishment and validation of infrastructure

At the time of commencement, it was apparent that a necessary precursor and a valuable outcome
from the project would be to validate walk over weighing (WoW) estimates of liveweight and to
prove that the UNE developed Automated Block Weigher (ABWO0) units provide an accurate measure
of block intake.

The research was done on-campus at Armidale as well as in a paddock trial at Tullimba, 60km west
ofArmidale. This research is summarised below, with full published scientific reports provided in the
report Appendices.

Three aspects of the research are summarised here.

1. Validation of walk-over weigher estimates of cow liveweight

2. Development and validation of a method of estimating lick block intake by individual cattle
in remote grazing environments

3. Application of remote supplement intake monitoring to monitor supplement intake and free
choice in an extensive herd

5.1 Evaluation of remote monitoring units for estimating body weight and
supplement intake of grazing cattle

5.1.1 Overview

Automated weighing systems to monitor BW and supplement intake (SI) of individual grazing cattle
were developed to better understand the seasonal nutritional status and performance of grazing
livestock. This study established (1) the accuracy and repeatability of a commercial walk over
weighing (WoW) system for estimating BW and, (2) the accuracy of an automatic supplement
weighing (ASW) unit for estimating Sl based on measuring time spent at the unit. The WoW and
ASW units monitored BW and Sl of 112 cattle consisting of 55 cows and 57 calves grazed on a 32.5
ha paddock for 41 days, with an average of 258 BW records collected per day. Static BWs were
recorded at each mustering event (n=7) and were compared to repeated measurements collected by
the WoW on the day of each mustering event. Body weight was overestimated by the WoW, with
the predicted BW of calves and cows averaging 10 and 21 kg heavier respectively than actual, and
root mean square prediction errors (RMSPE) of 5.1 and 5.5% of the static BW, respectively. For both
calves and cows, 38% of the mean square prediction errors (MSPE) was mean bias error and 9% of
MSPE was slope bias error. The concordance correlation coefficient (CCC; 0.90 vs 0.80) and
modelling efficiency (MEF; 0.78 vs 0.62) of WoW BW for calves were higher than for cows, indicating
that the predicted values were deviating from a 1:1 relationship and in particular as weight
increases. A rolling average across 5 or more consecutive BW measures improved the accuracy of
the WoW BW estimates. Regarding estimates of S, the aggregated time the herd spent at the ASW
unit was strongly associated with total SI (R?=0.92; P < 0.001). Further, positive linear relationships
(P <0.001) existed between cumulative weighted time spent at the ASW unit (min), and
concentration of fenbendazole (FBZ) (used as an intake marker) and its derivatives (oxfendazole and
oxfendazole sulfone) in the plasma of individual cows, with R? of 0.54, 0.73, and 0.75, respectively.

Although the WoW over-estimated static BW, the low bias in the slope indicated that a linear

16
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regression model could be developed to adjust the WoW BW to reduce the mean bias and improve
the estimate of WoW BW. The significant positive relationship between time spent at the ASW unit
and individual blood FBZ concentration identified the suitability of the ASW unit for estimating Sl by
grazing cattle.

5.1.2 Implications

Remote monitoring systems to accurately estimate BW and supplement intake of cattle will assist
the beef industry improve seasonal nutritional management in extensive rangelands. The accuracy
of Walk over Weighing BW estimates can be improved by use of a rolling average, while time spent
at ASW unit offers a means of estimating intake of the lick block offered.

5.1.3 Aims

The objectives of this study were to establish (1) the accuracy and repeatability of a commercial
WoW system for estimating BW; and (2) the accuracy of an automatic supplement weighing (ASW)
unit for estimating Sl based on measuring time spent at the unit. The experimental procedures and
use of animals were approved by the UNE Animal Ethics Committee (AEC17-105) in accordance with
the “Australian Code for the Care and Use of Animals for Scientific Purposes”.

5.1.4 Materials and Methods

Animal and grazing management

A total of 112 Angus cattle consisting of mature cows (n = 55) (mean + SD 629 + 50 kg BW) and calves
(n =57, consisting of 55 unweaned and 2 weaned) (mean + SD 284 + 33 kg BW) aged 6 — 7 months
old, grazed a sparse, drought-affected pasture of newly germinated subterranean clover (Trifolium
subterraneum L.) and senescent grasses in a 32.5-ha paddock for 41 days in the early autumn 2018.
Cattlehad ad libitum access to pasture, silage, lick-block supplement and water.

Lick-block supplements

The molasses lick-block supplement was custom manufactured (Olsson Industries Pty Ltd., QLD, Au)
and contained approximately 1.2% fenbendazole (C15H13N203S) (FBZ) as an intake marker and was
offered as a 40 kg lick-block containing 4.7% CP. Block was prepared to be very soft to allow high
consumption and cattle had ad libitum access to the lick-blocks on the ASW unit.

Remote monitoring units

The WoW (Tru-Test Remote WoW; Tru-Test® by Datamars Australia Pty Ltd., Banyo, Queensland)
and ASW units were situated at the only watering point, which was fenced off in an area of 625 m2
in the shape of quadrangle, where access to water and the ASW was only possible by traversing the
WoW system. The Tru-Test Remote WoW unit consisted of a 2.5 m weighing platform and two load
bars(MP600, Tru-Test® by Datamars Australia Pty Ltd., Banyo, Queensland)

The ASW unit was a non-commercial prototype system manufactured by the UNE Science
Engineering Workshop. The unit consisted of a supplement delivery platform (1.2 m wide x 1.2 m
length) mounted on 2 load bars (Kelba® Pty Ltd., Hornsby, New South Wales), connected to a weight
indicator (R320; Rinstrum® Pty Ltd., Brisbane, Queensland) and suspended approximately 60 cm
above
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the platform where 4 aerials joined to a 4-channel multiplexer (Forty Trout Electronic® Pty Ltd.,
Melbourne, Victoria). These aerials would read in sequence at 0.6 s intervals when an RFID tag
was in range.In calculating time at the ASW unit, it was assumed that each detection of an animal’s
RFID tag wasassociated with its presence at the ASW unit for 0.6 s. Using the 3G WiFi connection,
the data werefurther transmitted daily at 2400 h to the UNE central database for analysis.

Experimental design

There were two complementary experiments conducted from 22 February 2018 (day 1) to 3 April
2018 (day 41). The static scale, WoW and ASW units were calibrated using I1SO accredited weights
(YLO124; Wedderburn, Cardiff, New South Wales) on days 14, 20, 26, 29, 33, 36, and 41 (days of
mustering events).

Experiment 1. This experiment consisted of two assessments that evaluated the agreement
between BW measurements recorded using the automated WoW system and static BW recorded on
days of mustering events. Assessment one evaluated the accuracy of WoW and assessment two
evaluated the repeatability of WoW. In assessment one, real-time WoW BW data were continuously
collected from day 11 to 41, while static BW was measured only on days of mustering events,
commencing at 0900 h. Static BW data were obtained by drafting the cattle individually onto a
suspended electronic weigh-crate (W610 v2, 2 kg resolution, Gallagher® Pty Ltd., Hamilton, New
Zealand), with calibration of the scale undertaken on the day of each mustering event. Each static
BW was compared with multiple WoW BW for the same animal on any given day of a mustering
event.

In assessment two, 10 cattle were randomly selected for evaluating short-term repeatability of the
static scale versus WoW estimates by measuring BW of each animal 10 times by both weighing
systems within 90 min.

Experiment 2. Real-time data of daily supplement weight on the ASW unit and time cattle spent at
the ASW unit were collected from day 1 to 41. Time spent by individual cattle at the ASW unit (min)
over a 24-hour period (0000 to 2400 h) was estimated as the number of times the RFID was
detected multiplied by 0.6 s, being the time between the repeated energising of any one aerial on
the ASW unit. Time spent at the ASW unit (min) for the whole herd was calculated as the sum of
total RFID detections on that day multiplied by 0.6 s and divided by 60 seconds, while daily Sl of
whole herd (g) was calculated from total daily supplement disappearance (0000 to 2400 h). The
whole herd calculation was used (as opposed to individual animals) as more than one animal could
approach the ASW unit concurrently. Blood samples were collected from the coccygeal vein on days
of mustering events only. To validate individual SI estimates by the ASW unit, individual plasma FBZ
concentrations were compared withcumulative weighted time that individual cattle spent at the
ASW unit.

Blood collection, marker analysis and lick-block supplement intake estimation

Approximately 5 ml of blood was collected from all animals via the coccygeal vein using EDTA
vacutainers (BD vacutainers; Multipoint Technologies® Pty Ltd., Balwyn, Victoria) on each day of
mustering events commencing at 0900 on day 20, 26, 29, 33, 36 and 41. The blood samples were
then centrifuged using SkyLine CM-6MT Swing Rotor Centrifuge (ELMI® Ltd., Riga, Latvia) at2300x g
for 10 min. The plasma supernatant was pipetted off and stored at - 80°C until analysis. Plasma was
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analysed for fenbendazole and its metabolites [oxfendazole (CisH13N303S) (OFZ)and oxfendazole
sulfone (C15H13N304S) (OFS)]

To test whether time spent at the ASW unit (min) was also an accurate estimator of Sl for individual
animals, the concentration of FBZ and its metabolites in cattle plasma collected on static weigh days
were compared with cumulative weighed time spent at the ASW unit over the preceding 8 days.
Only 52 cows had plasma FBZ, OFZ, OFS and OFZ+OFS concentrations within range of those used in
defining the FBZ metabolism curve by Sanyal (1993), so only these data were used for validation of
individual animal SI.

Data overview
Experiment 1. The WoW continuously monitored 55 cows and 57 calves for 31 days, with an average
of 258 BW records per day, but one observed day was removed (data capture failure; day 16).

Descriptive statistics of static and WoW BW over 7 days of mustering event and are shown in Table
1. Body weights without a corresponding RFID (n=3) were omitted from the analysis.

Table 2 Summary statistics of static and walk over weighing (WoW) BW

Body weight of Cattle

Variable
Static BW (kg) WoW BW (kg)
Calves Cows Total Calves Cows Total

nt 392 371 763 541 960 1501
Minimum 206 502 206 216 507 216
Maximum 366 782 782 423 818 818
Mean 298.5 623.8 456.7 311.9 644.2 524.4
SD 33.49 50.13 168.14 35.85 53.50 166.64

Tthe number of body weight recordings across 109 cattle over 7 days of static BW measurement

For the short-term repeatability analysis of both weighing methods, there were 90 pairs of
data derived from consecutive measurements of BW by static and WoW made on 9 cattle within 90
min, with 10 replicates per individual. One animal was removed due to failure of RFID tag to be
detected by the WoW. Descriptive statistics for the repeatability data of staticand WoW BW are
described in Table 2.
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Table 3. Summary statistics for repeated measures of static and walk over weighing (WoW) BW
across 9individual cattle

Body weight of individual cattle (kg)

Variable

1 2 3 4 5 6 7 8 9
nt 10 10 10 10 10 10 10 10 10
Static

Minimum 352 340 322 274 568 666 512 582 522
Maximum 358 348 326 278 574 678 516 590 532

Mean 355.8 344.8 323.2 275.4 5714 6718 514.6 585.4  526.2
SD 1.99 2.15 1.69 1.35 2.12 3.94 1.65 2.50 3.19
WowW

Minimum 355 331 324 280 595 686 518 586 522

Maximum 423 366 352 299 642 752 572 662 603

Mean 386.7 3579 343.0 289.4 6209 7080 5450 623.9 5535

SD 19.98 10.76 9.51 5.17 12.46 1841 14.34 2897 27.51
! the number of static BW and WoW BW measurement pairs across 9 cattle for repeatability test

Experiment 2. Data collection from the ASW unit was conducted over 41 days, but three unobserved days
(data capture failure; days 16 — 18) were removed from the main dataset. Descriptive statistics for the
number of cattle visiting the ASW unit, time spent at the ASW unit and total lick-block Sl dataon 112
cattle over 38 days are shown in Table 3.

Table 4 Total time spent at the automatic supplement weighing (ASW) unit (min/day) and lick-block
supplement intake (SI) (g/day) by calves and cows over 38 days of observation

. Number of cattle (heads/day) Time spent at the ASW unit Total lick-
Variable (min/day) block SI
Calf Cow Total Calf Cow Total (g/day)
Minimum 3 6 9 0.22 4.57 7.16 1150
Maximum 40 55 86 39.14 219.57 250.78 94 750
Mean 20 37 57 15.02 73.97 88.99 37531
SD 11 14 22 11.53 69.45 76.76 28 836

Statistical Analysis

The WoW BW dataset was split into two groups to provide discrete groups of light (calves) and
heavy animals (cows), as no animals of intermediate weight were present. The single static BW for
each animal was regressed over the multiple WoW BW within a 24-hour period of the static
measure being made.

5.1.5 Results
Accuracy of walk over weighing
The ‘goodness-of-fit’ evaluation of WoW in estimating BW of cattle is summarised in Table 5.4. On
average, BW of cattle estimated by WoW was consistently higher than that by the static scale. The
WoW system over-predicted BW of calves and cows by 3.2 and 3.4% respectively. Although the root
mean square prediction error (RMSPE) of the calf model was slightly lower than of the cow model
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(5.1% vs 5.5%), the majority of prediction error (%MSPE) was random, with mean bias (%MSPE) and
slope bias (%MSPE) were similar for both models. The CCC and MEF found in the calf model were
higher than that found in the cow model. A plot of static versus WoW BW of calves and of cows is
depicted in Fig. 5.1. It is apparent that deviation of the regression (fitted) line from the line of unity
(1:1line) in the cow model is greater than in the calf model.

450 850
D 400 ) i
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m 330 @ 700
B 3
> 300 > 650
2 2 600
O 250 e} 550

200 500

Predicted BW of calves (kg) Predicted BW of cows (kg)

Figure 5.1 Relationship between static (observed) BW (kg) and walk over weighing (WoW)
(predicted) BW (kg) for (a) calves and (b) cows. Solid line represents the 1:1 line. Dashed line
represents the regression (fitted) line and illustrates the trend.

Short-term repeatability of walk over weighing

Repeatability of static scale and WoW is illustrated in Fig. 5.2. The ICC of static scale was
consistently higher (>0.99) than that of WoW, and remained constant irrespective of the number of
measures used from 2 — 10. There was a steep increase in the Intra-class correlation coefficient (ICC)
from 0.953 to 0.970 when repeated measurements of WoW BW was incrementally changed from 2
to 3 repeats. This trend was persistent up to 5 repeats (0.978), reaching the maximum value at 10
repeats (0.986).
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Figure 5.2 Intra-class correlation coefficient (ICC) as a measure of repeatability of BW when
number of measures is increased for static and WoW. O represents the static scale. o represents
the WoWw.

Relationships between whole herd time at the ASW unit and lick-block supplement intake

Over 38 days of observation, cows visited the ASW unit more frequently than did calves in keeping
with greater time spent at the ASW unit by cows (Table 5.3). Although between-day variation in
number of calves visiting the ASW unit was higher than for cows (CV = 55% vs 38%), between-day
variation of time spent at the ASW unit by calves was lower than for cows (CV=77% vs 94%).
Correspondingly, total daily SI by all cattle was highly variable (CV=77%), with individual SI ranging
from 128 to 1102 g/day, averaged at 658.4 g/day (CV=199%). A significant relationship between SI
by the whole herd [f(X)] (g) and total time spent at the ASW unit by the whole herd (X) (min) on a
daily basis (P < 0.001) is described on Fig. 5.3.
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Figure 5.3 Relationship between lick-block supplement intake (SI) (g) and time spent at the
automatic supplement weighing (ASW) unit (min) by the whole herd for each of the 38 days within
the experiment. Regression line shows trend.

Relationship between time spent at the automatic supplement weighing and plasma fenbendazole of
individuals

Between-animal variation for weighted time at the ASW unit was slightly lower than for between-
day variation, but both were high (CV = 92% vs 94%). There was a positive linear relationship
between cumulative weighted time spent at the ASW unit and each of FBZ, OFZ and OFS
concentrations (P < 0.001), with R? of 0.54, 0.73, 0.75 respectively (Fig. 5.4). The relationship with
the highest R?(0.81) was between weighted time spent at the ASW unit and total FBZ metabolites.
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Figure 5.4 Relationships between blood plasma fenbendazole (FBZ) (dashed line with o points),

oxfendazole (OFZ) (dotted line with A points), oxfendazole sulfone (OFS) (dot-dashed line with +
points), and oxfendazole (OFZ) + oxfendazole sulfone (OFS) (solid line with o points) and weighted

time spent at the automatic supplement weighing (ASW) unit. Regression lines show trend.

Table 5 Evaluation of static (observed) BW compared with walk over weighing (WoW)(predicted)

BW over 7 days of mustering events for calves and cows

Variable Cattle
Calves Cows

nl 541 960
Mean (Static; Observed) (kg) 302.27 622.95
Mean (WoW; Predicted) (kg) 311.86 644.19
Mean Bias (kg) -9.58 -21.24
RMSPE (kg) 15.56 34.31

Mean Bias (%MSPE) 37.96 38.32

Slope Bias (%MSPE) 8.84 9.36

Random Bias (%MSPE) 53.20 52.32
CCC 0.90 0.80
MEF 0.78 0.52

lis the number of WoW records across 109 cattle over 7 days of mustering events

RMSE = root mean square error; MSPE = mean square prediction error; CCC = concordance
correlation coefficient; MEF = modelling efficiency
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5.1.6 Discussion

Walk over weighing estimates of BW

Remotely obtaining WoW BW estimates and matching these with automated drafting systems to
prepare lines of cattle of uniform BW would greatly improve the convenience, labour demands and
precision of livestock management in the extensive rangelands. For these technologies to be
adopted by graziers, confidence in the accuracy of the WoW BW estimates is required. The findings
of this study demonstrated that BW could be remotely monitored using WoW with sufficient
accuracy for commercial use. This model still needs to be validated in long-term studies using larger
herds in extensive grazing systems. The drought conditions also affected BW variation that might
cause inconsistent WoW records.

The MB of the WoW BW for calves and for cows were lower than the <5% of the observed
dairy cow BW reported by Dickinson et al. (2013). Greater BW variation (364 - 696 kg) in that
experiment may account for some of this difference. By having an RMSPE of <10% of the static
(observed) BW, the predicted BW of both cows and calves by WoW is satisfactory under the
definition of Fuentes-Pila et al. (1996). More than half of the RMSE was random error (>50%; Table
4), being further evidence that WoW is sufficient to effectively predict static BW of the cattle (Taylor
et al., 2018). The 38% of mean bias (%MSEP) effect represents the gap between predicted and
observed value. Based on this partitioning of error, developing a linear model of static versus WowW
estimates could be feasible for minimising bias and improving accuracy.

The greater mean BW of cows compared to calves is principally responsible for the lower
value of CCC and MEF (see Table 4). This is apparent in Fig. 5.1, which illustrated that the cow model
with lower CCC and MEF value had a greater deviation of fitted line from the 1:1 line than that did
the calf model. According to the CCC classification of Gonzélez-Garcia et al. (2018), the CCC found in
this study was moderate for calves but low for cows. Tedeschi (2006) and Fonseca et al. (2017)
suggested a CCC > 0.8 and a positive value of MEF could be considered evidence of an accurate and
acceptable BW prediction. The differences between CCC and MEF values are indicative of the way
they are calculated. The CCC is similar to a correlation and is based around the sums of squares of a
regression model alternatively; the MEF is a measure of the deviance between the observed and
predicted values. Lack of agreement between static BW and WoW BW might be in part attributed to
animal misbehaviour while traversing over the WoW platform (Dickinson et al., 2013). Hence,
filtering data is necessary to enhance agreement between WoW and static BW (Brown et al., 2012;
Gonzalez-Garcia et al., 2018). In this experiment, some data filtering with the Tru-Test WoW system
had occurred prior to data transmission from the WoW unit. All individual transmitted WoW BW
data was used in these evaluations.

The repeatability assessment of static scale and WoW conducted within 90 min (Fig. 5.2)
demonstrated an increased precision reflected in the higher ICC and reduced variance of WoW BW
estimates when a greater number of consecutive measures were considered. This suggests that use
of a rolling average of at least 5 WoW BW estimates would be advantageous in describing weight of
cattle for graziers. The repeatability of WoW BW in our study was substantially higher than in an
experiment in sheep by Brown et al. (2014) who reported < 0.22 repeatability of “RFID-Linked
WoW?”. This stemmed from inconsistent motion and number of sheep standing on the weighing
platform and the longer interval (24-hour) between comparative static measures in Brown et al.
(2014). Individual BW variation can encompass gastrointestinal fill (10-22%), air temperature
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(Derner et al., 2016), and time of weighing (Wishart et al., 2017) but these would have little role in
our experiment one (assessment one), where cattle were completely weighed with traversing over
the WoW within 90 min.

Automatic supplement weighing as a means to predict supplement intake

The success of strategic supplementation is highly contingent upon each individual animal
consuming approximately the targeted amount, and high between-animal variations will lead to
inefficient use of supplements (Neave et al., 2018; Wyffels et al., 2018). Drought conditions during
the experiment resulted in higher Sl than would be typical in an environment where pasture was less
limited. Thus, the distribution of Sl values tested in this experiment may have affected the fit of the
model to lower Sl. A significant relationship between total time spent by the whole herd at the ASW
unit and total SI with a very high R? (0.93) verified the feasibility of using the ASW unit to quantify SI
based on time spent at the ASW unit, and suggests most of the time spent by cattle when visiting the
ASW unit was to lick the block supplements. As highlighted by Oliveira et al. (2018), some animals
might also perform explorative behaviour at the automatic feed delivery site before starting to eat.
In our experiment, this explorative time would have been included within the measures of time
spent at the ASW unit, which could have contributed to deviation in the relationship between times
spent at the ASW unit and total lick-block disappearance. Hence, the use of additional or alternative
devices such as a camera or other sensors may be advantageous to identify jaw movement
associated with licking or eating supplements.

In this commercial environment, a large RMSE identified substantial between-day variation
of total time spent at the ASW unit and this may well have resulted from the sporadic feeding of
round bale silage as a roughage source elsewhere in the paddock. Social and individual behaviours
may have also affected access to the ASW unit differentially, depending on the animals present at a
given time. A previous study showed that cows consumed 200 g more supplements daily than did
calves when they were in mixed grazing (Earley et al., 1999). Social interaction and dominance may
have been responsible for less supplement being ingested by calves in a mixed-age herd (Sowell et
al., 2003). Contrastingly, social learning can also increase intake of novel feedstuffs by calves offered
novel feeds at the time of weaning in the presence of an experienced animal (Dixon et al., 2001).
Apart from this, different types of supplement might contribute to the variation in individual intake
(Bowman and Sowell, 1997).

Association between time at block and blood concentrations of FBZ and its metabolites in
cows after consuming lick-block containing FBZ provided further evidence that time spent at the
ASW unit is an indicator of lick block SI. This is in line with Fishpool et al. (2012) who reported that
OFZ+OFS in the blood had a significant relationship with block intake containing FBZ (P < 0.001; R? =
0.95). The level of FBZ in the blood plasma was the lowest, followed by OFZ and OFS, with the
bioconversion of FBZ into OFZ and OFS occurring in the liver before being released into the
bloodstream (Lanusse et al., 2018). Since the concentrations of the derivatives OFS + OFZ together
had the strongest relationship, it may be that these compounds rather than FBZ should be used as
intake markers in subsequent supplement consumption studies
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5.1.7 Conclusion

While the current commercial algorithm in the WoW over-estimated static BW of cattle, there was
little bias in the slope indicating that a linear regression model could be developed to adjust the
WoW BW to reduce the mean bias and improve the estimate accuracy of WoW BW. Precision of
WoW could also be improved by averaging 5 or more consecutive repeated measures, but further
study is necessary to identify the number of measures required in grazing condition for minimising
error of BW prediction. Total time spent at the ASW unit by cattle as well as individual blood FBZ
data confirmed that the remote monitoring of time spent at the ASW unit can serve as a useful
means to estimate Sl by grazing cattle, both as individuals and as a herd.

5.2 Identifying licking behaviour of block-supplemented beef cattle using tri-
axial accelerometers

5.2.1 Background

As previously indicated and as will be discussed subsequently, we found the harsh climate
and soil conditions of Burleigh inconsistent with maintaining in-paddock weight monitoring
equipment, especially load cells under salt block covered weigh-platforms. Consequently
one of the team (Mr. Gama Simanunkalit), explored an alternate way of monitoring
supplement intake that would be less affected by environmental conditions and relied on
small simple sealed accelerometers in a ‘smart’ eartag. While we did not get to employ this
at Burleigh, we report it here as infrastructure development attributable to the project.

An ability to quantify lick-block supplement intake by individual animals may enable
improved efficiency of supplement use by grazing cattle. It was hypothesised that
monitoring licking behaviour in beef cattle may offer potential as a means to quantify time
spent licking for the prediction of individual lick-block supplement intake. This experiment
aimed to determine the effectiveness of tri-axial accelerometers deployed as an ear-tag and
neck-collar to distinguish licking from non-licking behaviours of beef cattle in an individual
housed system. Four 2.5-year-old Angus steers weighing 368 + 9.3 kg (mean + SD) were
used in a 14-day experiment. Licking and non-licking (eating and standing) activities were
video-recorded from 1000 h to 1600 h daily when access to lick-block supplements was
provided to all individuals. The Classification and Regression Trees (CART) algorithm was
used to develop the behaviour classification model. The accuracy of the behaviour
classification model of the neck-collar accelerometer and ear-tag accelerometer were
identical (91%) with Cohen’s Kappa coefficient showing almost-perfect (0.81) and substantial
(0.79) agreements between actual and model-predicted behaviours for neck-collar and ear-
tag accelerometers, respectively. The sensitivity and specificity of the neck-collar was
higher than that of the ear-tag accelerometers (91% vs 83% and 91% vs 85%, respectively),
while the precision of the ear-tag accelerometer was superior to that of the neck-collar
deployment (89% vs 84%). Overall, the tri-axial accelerometer was capable of distinguishing
licking from non-licking behaviour in beef cattle in a controlled environment. Further research
is required to test the model under actual grazing supplementation conditions.
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5.2.2 Aim

In beef cattle offered lick-block supplements, the effectiveness of strategic supplementation
is contingent upon ability to decrease between- and within-animal (across days) intake
variation (Bowman and Sowell, 1997). Because grazing cattle mostly ingest such
supplements through licking (Kreulen, 1985), monitoring this behaviour will be useful to
identify whether or not individual animals can meet a targeted consumption, or to place an
upper limit on access to a supplement. The capability of tri-axial accelerometers to classify
behaviour in cattle may offer potential to quantify licking events and time spent licking for the
prediction of lick-block supplement intake by individual cattle.

To the best of our knowledge, no studies have been reported to differentiate licking
from other behaviours using tri-axial accelerometers in beef cattle. Hence, this study aimed
to determine the effectiveness of tri-axial accelerometers deployed on an ear-tag and neck
collar for distinguishing licking from non-licking behaviours of beef cattle in individual pens.

5.2.3 Materials and Methods
Animals and experimental site

Four Angus steers aged 2.5 years with an average body weight (+ SD) of 368 (+ 9.3 kg)
were used. All cattle had been retained and grazed together for six months before the
experiment. The experiment was conducted at the University of New England (UNE),
Armidale, N.S.W. and was approved by UNE Animal Ethics Committee (AEC19-041).

Instrumentation

Ear-tags equipped with tri-axial accelerometers (AX3 3-Axis Logging Accelerometer, Axivity
Ltd., Newcastle Helix, Newcastle upon Tyne, UK) were fitted to all four animals. The ear-tag
was attached to the ventral side of the offside left ear. Three of the four cattle were equipped
with neck-collars containing the same accelerometer model and the collar was placed
around the neck with the accelerometer mounted on the base of the collar under the lower
jaw (Fig. 5.5). The expected battery life at 25 records/second was approximately 28 days.
Cattle movement was captured through static and dynamic accelerations (Gravity; g)
recorded over the three perpendicular axes of X (vertical; dorso-ventral), Y (horizontal;
medio-lateral) and Z (longitudinal; anterior-posterior) (Fig. 5.5). The accelerometer data was
temporarily stored on a 4GB SD card within the sensor.
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Figure 4.5. The orientation of the tri-axial accelerometers attached to both the ear and
the neck. Both deployments had the same axis orientation.

Experimental procedures and observations

The study was conducted over a seven day habituation period followed by a seven
day experimental period. All cattle were situated in individual rectangular pens with a
dimension of 2 m (length) x 1.5 m (width) x 1.8 m (height) inside an animal house, and were
offered oaten chaff in buckets and water in automatic water bowls, ad libitum. The
automated drinking bowls were approximately 75 cm above the floor on the left-hand side of
the pens. Four commercial lick block supplements (22 cm length x 22 cm width x 25 cm
height) weighing approximately 16 kg, consisting of 7% urea and 10% molasses (Peak 50;
Olsson’s Pacific Salt®, Yennora, New South Wales, Australia), were strapped to a metal
frame (22.5 cm length x 22.5 cm width x 5 cm height) attached to the right hand side of the
pen’s panels and placed on the concrete floor alongside individual cattle.

After the seven day habituation period, behaviours of the cattle were video recorded for six
hours daily (1000 h — 1600 h) for seven days when access to lick-block supplements was
provided, using four smartphone cameras. The smartphones were placed on tripods and
positioned 75 cm above the floor in front of the lick blocks outside the pens. Video files
stored on the micro SD cards were then transferred daily onto a remote computer.

Video analysis and behavioural classification

Cattle behaviours captured on video were annotated to reflect licking and non-licking
behaviours. Licking events as defined in Table 1 were processed only if the cattle
performed this behaviour for a minimum duration of 10s. Non-licking was a combination of
active behaviours mainly consisting of standing and eating including ruminating, biting,
chewing, and drinking (Table 1). Inactive or resting behaviours were excluded from the data
analysis.
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Table 6. Ethogram for licking and non-licking behaviours recorded for individually
penned cattle.

Behaviour Description
Licking Minor limb movement in static standing position with head down
approaching the lick block and the tongue presenting to the block
surface.
Non-Licking Amalgamation of eating and standing
Eating Stationary with minor limb movements, head lowered approaching

feeding bucket and biting the chaff. Head raised with jaw movement
(chewing) or head was in a downward position approaching drinking
bowl (drinking).

Standing Standing stationary with head raised devoid of jaw movements

Processing of raw accelerometer data

Subsets of the accelerometer data were annotated with corresponding behaviours. Time
between accelerometers and clocks stamped on the video files had been automatically
matched according to AEDT zone. All annotated files were then merged to create a new file
for each deployed accelerometer.

Calculation of feature relative importance

The two datasets that contained X-, Y-, and Z-axes values and behaviour annotations were
further decomposed into twenty movement features for each behaviour (licking and non-
licking). These features included minimum, maximum, mean, and standard deviation of X-,
Y-, and Z-axis values, movement variation, signal magnitude area, average intensity,
entropy, energy, pitch, roll and inclination (Table 5.6) (Gao et al., 2013; Barwick et al., 2018;
Alvarenga et al., 2020). The data were further transformed into 10-second time intervals
(epoch) of mutually exclusive behaviours. Thus, there were 250 records required to create
one row (or feature value) in each new dataset (Alvarenga et al., 2020). The 10-second
epoch was chosen as it generated better prediction accuracies of both neck-collar and ear-
tag accelerometers compared to the 3 and 5-second epochs (Barwick et al., 2020).

Validation of behaviour classification model

The behaviour classification model developed using the training dataset was independently
applied to the test dataset for validating its performance. To quantify performance of the
model, the confusion matrix was computed. The values from the confusion matrix were then
used to calculate accuracy, sensitivity, specificity, precision, and negative predictive value
using the following equations:

(TP + TN)
(TP +TN+FP +FN)
TP

Accuracy=
Sensitivity= m
TN

Specificity= —(TN + FP)
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TP

Precision= m

TN

(TN+FN)

where TP (true positive) is the number of samples in which the licking behaviour was
appropriately observed and classified, FP (false positive) is the number of samples in which
the non-licking behaviour was classified as licking behaviour, TN (true negative) is the
number of samples where the non-licking behaviour was appropriately observed and
classified, and FN (false negative) is the number of samples in which the licking behaviour
was classified non-licking behaviour (Riaboff et al., 2019). To facilitate assessment,
performance of each confusion matrix constituent was characterised as: 1) perfect (100%),
2) substantial (95-99%), 3) high (90-94%), 4) moderate (80-89%), 5) low (70-79%), and 6)
poor (<70%).

Negative Predictive Value=

The inter-rated reliability test using the Cohen’s Kappa coefficients were likewise
applied to select the best deployment for capturing values of the feature relative importance.
The Kappa statistic measures the extent to which the deployment positions assign similar
score to the similar variable. This compares the accuracy of the deployment in assessing
variables that were used to develop classification models (McHugh, 2012). Under the
definition of Landis and Koch (1977), the Kappa coefficient was classified as poor (<0.00),
slight (0.00 — 0.20), fair (0.21 — 0.40), moderate (0.41 — 0.60), substantial (0.61 — 0.80), and
almost perfect (0.81 — 1.00).

5.2.4 Results

No aberrant behaviours resulting from accelerometer deployments were observed in any
steer throughout the experiment. The proportion of samples obtained from the 10s epoch to
develop and validate the classification models across licking and non-licking behaviours was
34% (n=621) and 66% (n=1212) for neck-collar and 34% (n=731) and 66% (n=1423) for ear-
tag deployments, respectively. Comparison of the acceleration signal raw values (X-, Y-,
and Z- axes) from the neck-collar and ear-tag accelerometers for licking and non-licking
behaviours over 180 seconds observation are depicted in Fig. 5.6. For licking, the average
of X-axis values from the neck-collar and from the ear-tag are similar (-0.88 + 0.15 g) where
both Y- and Z-axis values from the neck-collar were on average, lower than that from the
ear-tag [-0.17 £0.19 g vs 0.00 £ 0.18 g (Y) and -0.54 £ 0.19 g vs -0.47 £ 0.29 g (2)].

Selection of the most important features

According to the Gini index values, neck-collar and ear-tag deployment modes differed in all
important features for differentiating licking and non-licking behaviour. The mean (u) of Z-
axis values, SMA, and maximum value of Z-axis are successively the top three most
important features for the neck-collar accelerometer. For the ear-tag accelerometer, MV
was the most important feature followed by standard deviation (o) of X-axis values and
inclination (Table 5.6). The frequency distribution for each of the most important features for
licking and non-non licking behaviours for the neck-collar and ear-tag accelerometer are
described in Figs. 5.7 and 5.8, respectively. The distributions for the two behaviours for
each deployment were clearly separated for each feature, the overlapping lines indicated
misclassification of the prediction.
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Table 7. Gini index of the three most important features for two deployment positions

Neck-collar Ear-tag

Features Gini Index Features Gini Index
Mz 130 MV 192

SMA 70 Ox 63

Max; 50 Inclination 56

H.=mean value of Z- axis; SMA=signal magnitude area; Max,=maximum value of Z axis;

MV=movement variation; ox=standard deviation of X- axis value
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Figure 5.5. Raw values of the tri-axial accelerometer signals fitted on the neck-collar (A)
and ear-tag (B) for licking (left) and non-licking (right) behaviours at 25 Hz sampling rate
over 180s of observation. The black, red, and blue lines represent X-, Y-, and Z- axes,

respectively.
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Figure 5.6. Frequency distribution of the top three most important features for licking and
non-licking across neck-collar deployment (Mean-Z, mean value () of Z-axis; SMA, signal
magnitude area; Max-Z, maximum value of Z-axis).
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Figure 5.7. Frequency distribution of the top three most important features for licking and
non-licking across ear-tag deployment (MV, movement variation; X-SD, standard deviation
(o) of X-axis; Inc, Inclination).

Performance of the behaviour classification models

The testing datasets from 10s epoch used for validating the performance of the
behaviour classification models consisted of 549 samples for neck-collar and 645 samples
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for ear-tag based accelerometers. The number of samples from neck-collar deployment for
each behaviour was 186 for licking and 363 for non-licking. Overall, the neck-collar
accelerometer model correctly predicted 501 samples (out of 549) across two different
behaviours (Table 5.8), which resulted in high (91%) prediction accuracy of the algorithm in
differentiating licking from non-licking behaviour yielding an almost-perfect Kappa coefficient
(0.81, Table 5.9). Although there were 16 licking events incorrectly predicted as non-licking
events, the sensitivity of the model was still high (91%) with substantial negative predictive
value (95%, Table 5.9). However, incorrect prediction of 32 samples of non-licking events
generated moderate precision (84%) and high specificity (91%, Table 5.9).

The number of samples from ear-tag deployment for each behaviour was 219 for
licking and 426 for non-licking. By correctly predicting 586 samples (out of 645) across both
behaviours (Table 5.8), the ear-tag accelerometer model yielded an identical prediction
accuracy (91%) and lower Kappa coefficient (0.79) compared to the neck-collar
accelerometer model (Table 5.9). A total of 59 samples (37 licking and 22 non-licking) were
incorrectly predicted and caused the sensitivity, specificity and negative predictive value of
the ear-tag accelerometer algorithm to be lower than the neck-collar accelerometer algorithm
(Table 5.9). However, the lower number of non-licking events (22 vs 32) that were
incorrectly predicted as licking events by the ear-tag accelerometer model generated greater
precision (89%) than that of the neck-collar accelerometer model (Table 5).

Table 8. Confusion matrices of the decision tree algorithm analysis for observations
of licking and non-licking behaviours in two different deployment modes(neck-collar

and ear-tag). Bold numbers represent correct prediction and italic numbers represent
misclassification

Observed behaviour

Deployment Predicted behaviour
Licking Non-licking
Neck-collar Licking 170 32
Non-licking 16 331
Ear-tag Licking 182 22
Non-licking 37 404

Table 9. Performance of the decision tree algorithm in distinguishing licking from
non-licking behaviour in the collar and ear deployments of the tri-axial accelerometers

Neck-collar Ear-tag
Accuracy 91% 91%
Sensitivity 91% 83%
Specificity 91% 85%
Precision 84% 89%
Negative predictive value 95% 92%
Kappa 0.81 0.79
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5.2.5 Discussion

Dependency upon integration of radio frequency identification (RFID) and automatic feeding
systems to remotely monitor supplement intake of cattle has prompted the use of more
efficient and accurate technologies for the collection of individual information in larger herds
without disrupting their daily routines and natural behaviours. Accelerometers have the
capability of accurately differentiating behaviours of grazing ruminants (Barwick et al., 2018),
and this is fundamental to predict individual feed intake based on time-spent feeding. For
cattle offered block supplements, licking events and time-spent licking have to be
appropriately distinguished from other behaviours to develop an algorithm for predicting
individual lick-block consumption. Simanungkalit et al. (2020) has previously shown that time
spent at lick-blocks measured by an automatic supplement weighing unit was proportional to
lick-block intake by the herd and by individual cattle. However, high deviation obtained from
their linear association was found due to exploratory time prior to licking. Hence, identifying
whether or not the animal is licking while visiting the block supplements is pivotal for
improved accuracy of intake prediction.

In the current study, two deployment modes of accelerometers (neck-collar and ear-tag)
were capable of classifying licking in difference to non-licking behaviour using calculated
features from acceleration values of the three perpendicular axes (X, Y, and Z). The change
in Z-axis values in the present study signified that neck-collar accelerometers captured the
distinction of longitudinal (anterior-posterior) movements of the head when the cattle were
licking. During licking the head is lowered and as the tongue protrudes the head moves back
and forth in the longitudinal plane. This might pertain to the high accuracy of the neck-collar
accelerometer in a situation where similar head orientation was captured from different
classes such as licking and biting.

In contrast, MV, oxof the acceleration values towards the X-axis, and inclination were
the most important variables for the ear-tag accelerometers Using an ear-tag-based
accelerometer and a 10s epoch, Fogarty et al. (2020) reported MV and oy as the most
important features to classify behaviours of grazing sheep. The presence of MV and oy in
our study indicated that the algorithms of the ear-tag tri-axial accelerometer discriminated
the behaviours based on the difference of movement patterns between licking and non-
licking events. Furthermore, use of inclination as a discriminating feature indicated that the
algorithm captured the distinction of the static angle of tilt between licking and non-licking
behaviours.

It should be noted that non-licking behaviour in this current study combined standing
(head raised), biting (head lowered), chewing (head raised) and drinking (head half-
lowered). Therefore, it was likely that the accelerometer signals from licking and biting when
the cattle lowered the head would be misclassified, as the feeding bucket and block
supplement were positioned at a relatively similar height from the floor. This might be
responsible for moderate precision of both deployment modes and moderate sensitivity and
specificity of ear-tag deployment only (<90%), that affected overall accuracy of the decision
tree algorithm. In addition to precision and sensitivity, the moderate specificity found in the
ear-tag accelerometer might occur as a result of a more flexible attachment of the sensor to
the ear that increased the false positive rate.
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In this current study, the behaviour classification model for the neck-collar tri-axial
accelerometer was more accurate than the ear-tag tri-axial accelerometer for both datasets,
with Cohen’s Kappa coefficient for the neck-collar deployment model was likewise superior
to the ear-tag deployment. Barwick et al. (2018) reported a possible interdependency of ear-
tag acceleration signals from body movements that might cause uniformity of the signals
from different behaviours. Hence, rigid attachment of the sensors would maintain their
orientation and consistent signal to generate accurate behaviour classification.

Apart from the lower performance of ear-tag based accelerometers compared to the neck-
collar accelerometers, the practicalities of adoption in commercial contexts favour ear-
attached sensors. The smaller size makes it less invasive to the cattle and costs less to
implement per individual. Therefore, classification algorithms must be capable of dealing
with interdependent dynamic accelerations. The potential of an ear-tag based sensor to
accurately discriminate licking would be an improvement in measuring block supplement
intake based on time spent licking by individual cattle. It also offers versatility and is an
efficient way of monitoring and harnessing individual information particularly in an extensive
environment. Advancements in remote monitoring systems using internet technology are
required to remotely transmit the data from the ear-tag sensor to a central database system
for improving production efficiency by reducing time of mustering for individual data
collection.

5.2.6 Conclusion

The behaviour classification model for both deployment modes performed well with high
accuracy (91%), with the neck-collar deployment performing slightly better in distinguishing
licking from non-licking behaviours than the ear-tag deployment. This is partly because of
the firm attachment of the sensor to the collar generating consistent orientation and
acceleration signals. Movement of the ear independently from the body might also be
responsible for lowering sensitivity, specificity and precision of the model. For commercial
use in a larger herd for grazing systems, however, the ear-tag deployment mode is more
feasible and cost efficient than the neck-collar deployment as current advancement in
electronic ear tags for cattle allows attachment of automatic devices. This current study
confirms that accelerometers are a promising technology to distinguish between licking and
non-licking behaviours and it provides the foundational research to apply this methodology to
a paddock based environment and test the model performance in a commercial situation.
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6 Observations of grazing and supplement intake patterns

6.1 Background

Strategic supplementation for range cows is fundamental to successful cattle breeding in northern
Australia. A paucity of information on the between-animal variation in supplement intake in
extensive grazing environments and associated differences in cattle performance has prompted a
study of techniques to assess diurnal variation in accessing supplements. This current study
examined the use of automatic supplement weighing (ASW) units to monitor access to lick-block
supplements by 430 breeding cows in an extensive rangeland of northern Australia. Ten ASW units
were located across two fenced yards as experimental sites (5 ASW units for each site: Bore 13 and
Eldon’s) with a linear distance between the sites of 6,350 m. Over the 62 days of data collection,
85% cows spent 1-600 min, 13% spent 600—1200 min, and 2% spent >1200 min accessing lick block
supplements, with the between-animal variation (CV) of total time spent at the ASW units of 107%.
Although all cows had free access to all sites, the ASW unit data showed that only 31% of them
visited both sites with the remaining 33 and 36% visiting only Bore 13 and Eldon’s sites, respectively.
Most visits to ASW units were recorded between 0800—-1700 h (80% for Bore 13 and 90% for
Eldon’s). Approximately 17% (Bore 13) and 7% (Eldon’s) of visits to ASW units were recorded during
the night (1800- 2300 h) and only 3% of visits occurred during the dawn (0000 h — 0700 h) for both
sites. Time spent accessing lick-block supplements by cows differed between ASW units across the
two sites (P<0.001) and varied according to day of visit (P<0.001). There was a significant
relationship between time spent at the ASW units and lick-block supplement intake of cows on a
herd basis (P<0.001; r?=0.89). The results showed that the ASW units were capable of monitoring
access to lick-block supplements that may reflect the lick-block supplement intake of rangeland
cows. It was also noted that infrastructure improvement is required, mainly for the internet
connection, to underpin continuous collection of more accurate and reliable results during long-term
observations in remote locations. Monitoring time of accessing supplement, number of cattle that
voluntarily access supplement and supplement intake could assist graziers to better understand
management practice in providing supplementary feeds for improved efficiency, particularly for
deciding the optimal amount and distribution of supplement offered to breeding cows in an
extensive rangeland.
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6.2 Aims

Conventional self-fed systems for delivering lick-block supplements for grazing cattle in the extensive
rangelands of Australia only measure intake on a herd basis (McCarthy et al. 2019). There is little
information on between-animal variation in supplement intake for the commercial environment or
associated differences in cattle performance (Dixon et al. 2020) However, automated weighing
systems offer the opportunity to remotely measure real-time individual intake of self-fed
supplements and time spent at lick-block supplements by grazing cattle (Imaz et al. 2020).

In a recent study, a custom-built automatic supplement weighing unit, developed by the University
of New England Science Engineering workshop, concurrently monitored lick-block disappearance
and time spent at the unit by multiple cattle (Simanungkalit et al. 2020). This small scale study used
112 cattle in a 32 ha paddock, but the effectiveness of the automated weighing systems to deliver
lick-block supplements for range cattle has hitherto not been reported. This current study examined
the use of automatic supplement weighing (ASW) units to monitor access to lick-block supplements
by breeding cows in an extensive rangeland region of northern Australia.

6.3 Materials and Methods

6.3.1 Animals and experimental sites

A total of 436 mature Bos indicus (Brahman) based cows (mean + SD; 453+ 70 kg body weight)
grazed the 7615 ha paddock trial paddock at Burleigh station for 93 days throughout the latter part
of the dry season (11 August - 1 November 2019). Each cow was fitted with an RFID tag (Allflex® Pty.
Ltd, Capalaba, Queensland, Australia) attached to the left ear. Within the paddock, the two
experimental sites (water points) comprised fenced yards (14,250 m? per yard) providing water
[sites; Bore 13 (20°00°16"S 143°02’20”E) and Eldon’s (20°03'10”S 143°00°22"E)] while other water
sources were fenced-off. The linear distance between the two sites was 6,350 m.

6.3.2 Automatic supplement weighing units

Use of the ASW units (Fig. 6.1) to estimate supplement intake of grazing cattle has been briefly
described by Simanungkalit et al. (2020). When a cow approached the ASW unit at a maximum
distance of 50 cm, an antenna recorded the RFID twice and then the multiplexer switched to the
next antenna which recorded twice and the process continued through the four antennas. The time
spent at each antenna is 150 msec, so with a 4-channel multiplexer, each RFID is read every 600
msec (0.6 s) when the RFID is in the range.
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Figure 6.1. Layout of the automatic supplement weighing unit

6.3.3 Experimental procedures

Each site was equipped with an auto-drafter gate (entrance) and four spear gates (exits),
three water troughs and five ASW units. The salt lick-block supplements were custom-manufactured
(Olsson Industries Pty Ltd, Morningside, Queensland) containing urea (40%), sulphur (12%),
phosphorus (12%) and vitamin D (1.25% 250HD3; Hy-D®, DSM Nutritional Products, Wagga Wagga,
NSW, Australia). Supplement blocks of 100 kg were placed on the ASW weighing platforms, so that
the presence of cows at the blocks could be detected by the ASW units. The WoW and ASW units
were calibrated with a 400 kg load at commencement.

Each site was fenced into two yards, being Draft 0, equipped with water trough only, and
Draft 1 in which the ASW units were also located (Fig. 6.2). Cattle with no RFID tags or those whose
RFID ear-tag numbers were not recognised by the auto-drafter were directed to Draft 0. Over 93
days of the experimental period, all cows had a 62-day free access to both sites and all ASW units.
Initial body weight data were calculated from WoW records for the week before commencing the
experiment. While data were considered for 436 cows, a small number of cattle (bulls and calves)
without RFID ear-tags were likely to also be present in the paddock because of incomplete
mustering. One ASW unit (ASW 5) in Eldon site only transmitted the RFID records without
supplement weight data because of weight indicator failure.
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Figure 6.2. Layout of the experimental sites where the automatic supplement weighing (ASW)
units, water troughs (W), and walk-over weighing were installed on each site

2.1. Data processing and analysis

Before further analysis, distribution of the data for time spent at the ASW units were verified using

the Shapiro-Wilk test. Since the data were not normally distributed, logarithmic transformation was
applied. Association between time spent accessing the ASW units and lick-block supplement intakes
was validated using a simple linear regression model. Data from the ASW unit with the highest daily
RFID records was sampled from each site every day for 62 days (n = 124). The statistical model was:

D()i = o + DX + [

where f(x)iis cumulative daily time spent at the ASW units by herd, x;is total lick-block supplement
disappearance, & is the random error, and i = 1 to 124.

6.4 Results

6.4.1 Time spent at the automatic supplement weighing units

Across 93 days of observation, there were 31 days where access to all ASW recordings on both sites
was restricted because of lost or unstable Wi-Fi connectivity. Six cows were removed from analysis
because of incorrect RFID readings and less than 100 (1 minute) records. There were 12,630,200
(126,302 min) RFID recordings retrieved from 10 ASW units across the two experimental sites over
62 days of data collection. Figure 6.3 shows the frequency distribution of cumulative time spent by
individual cows at the ASW units over 62 days of data collection. Of 430 cows, 85% of them spent 1—
600 min, 13% spent 600—1200 min, and 2% spent >1200 min at the ASW units. Over the 62 days, on
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average each cow visited an ASW unit on 23 days (CV=57%), spending a total of 294 min (CV=107%)
at the ASW units.
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Figure 6.3. Frequency distribution of cumulative time spent by 430 rangeland cows accessing the
automatic supplement weighing (ASW) units over 62 days of data collection

6.4.2 Number of cows and individual time spent accessing the sites

Table 6.1 shows descriptive statistics of the number of cows accessing each site and the
cumulative time spent by individual cows at the ASW units over the 62 days of data collection.
Although the 430 cows had free access to both sites, only 31% (133) of them visited both sites,
whereas the remaining 33% and 36% visited only Bore 13 or Eldon’s sites, respectively. Total times
spent at the ASW units by these three groups of cows were 42957.4 min (both sites), 39311.2 min
(Bore 13 only) and 44033.5 min (Eldon’s only), with between-animal variability (CV) of 107%, 108%
and 106%, respectively.

Table 10. Summary statistics of the total time spent at the automatic supplement weighing
(ASW) units by individual cows over 62 days of data collection

Bore 13 + Eldon’s Bore 13 Eldon’s

CTS (min)  n-Day? CTS (min) n-Day? CTS (min) n-Day?
n' 133 142 155
Minimum 4.9 4 2.2 1 2.7 1
Maximum 2047.3 51 1547.4 60 1675.8 50
Median 201.7 27 178.2 30 169.3 20
Mean 323.0 25 276.8 29 284.1 19
SD 345.17 13.1 299.24 13.7 301.68 11.2
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! Number of cows that visited the site(s) over 62 days; 2 Number of days recorded for each individual
across 430 cows over 62 days; CTS = cumulative time spent at the ASW units for each individual
across 430 cows over 62 days; SD=standard deviation

6.4.3 Visiting time of cows to the sites and automatic supplement weighing units

Throughout the 62 days of data collection, Bore 13 site captured 6,884,927 of RFID records
(68849.3 min; 54.5%) whereas the Eldon’s site captured 5,745,273 (57452.7 min; 45.5%) of RFID
records. Figure 6.4 shows that most visits to ASW units occurred during the daylight hours. Visits to
ASW units recorded between 0800 h — 1700 h were 80% for Bore 13 site and 90% for Eldon’s sites,
respectively. Approximately 17% (Bore 13) and/or 7% (Eldon’s) of visits to ASW units were recorded
during the night time (1800 h — 2300 h) and only 3% of visits occurred during the dawn (0000 h —
0700 h) for both sites (Fig. 6.4).
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Figure 6.4. Frequency distribution of time of visit to the ASW units over a 24-hour period in (a)
Bore 13 and (b) Eldon’s sites.

Time spent accessing lick-block supplements by individual cows was significantly different
between ASW units (P<0.001), except for ASW 1 (Bore 13) vs ASW 4 (Bore 13), ASW 4 (Eldon’s) vs
ASW 5 (Eldon’s), and ASW 2 (Bore 13) vs ASW 4 (Eldon’s) (Table 6.2). There was a significant
difference in time spent at the ASW units between days of data collection (P<0.001). Over 62 days,
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the average individual time spent at an ASW unit ranged from 0.1 to 10 min/day with the CV ranging
between 112% — 198%.

Table 11. Average daily time spent at the automatic supplement weighing (ASW) units (mean *
SD) by individual cows across two sites over 62 days of data collection

Time Spent at the ASW units (min/day)

Sites p-value
ASW 1 ASW 2 ASW 3 ASW 4 ASW 5
Bore 13 107+149a 7.1+14.1° 8.7+ 14.4° 6.7 +8.7%¢ 3.7+5.5°
h bi 001
[r%lgaor?s%hat s%are S|m|Iar sugpgrscrlp% Iettersla%rog’slrows and’ §07t?n12ns are not S|gn|i!'cantly different
faWaludl

P—>6:65)

6.4.4 Relationship between time spent at the ASW units and lick-block intakes

Data from the two ASW units (one per site) with the highest daily RFID records over the 62
days of data collection, were interrogated to establish relationships between time-spent at lick-block
and block intake. The average number of cows and time spent visiting the ASW unit was 42
head/day (CV=45%) and 336 min/day (CV=69%), respectively, where the total lick-block supplement
disappearance was averaged 5594 g/day (CV=77%). Daily cumulative time spent at an ASW unit (X)
and lick-block supplement disappearance [f(X)] within the same day were significantly correlated
(r=0.89; P<0.001) (Fig. 6.5). The linear model indicated that every visit of one minute corresponded
to approximately 16 g of lick-block intake.

3 f(x) = 16.3x; R? = 0.89; RMSE = 2335 g (n = 124)°
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Figure 6.5. Relationship between lick-block supplement disappearance and time spent at the

automatic supplement weighing (ASW) units by the herd across two sites over 62 days of data
collection. Regression line shows trend.
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6.5 Discussion

Application of remote monitoring using internet technology in the beef cattle industry is
increasing, particularly for monitoring body weight, feed intake and physiological status of the
animals(Simanungkalit et al. 2020; Williams et al. 2020). Providing supplemental feeds for breeding
cows inthe extensive rangeland of northern Australia is undoubtedly pivotal since the lack of
dietary nutrients, particularly nitrogen in the dry season and P in the wet season, is apparent
(Mclvor et al.2011; Dixon et al. 2020). Voluntary intake of self-fed supplements by grazing cattle is
primarily contingent upon the physiological condition of the animals and attractiveness of the
supplements (Dixon et al. 2017). In this study, the RFID system in conjunction with a single-board
computer and internet technology integrated into the ASW units was capable of remotely
monitoring time of access and time spent at lick-block supplements as well as predicting lick-block
supplement intake.

The RFID technology in beef cattle production system serves as a tool to improve efficiency
and productivity (Ruiz-Garcia and Lunadei 2011). Autonomous RFID records were successful at
monitoring visits and interval times of grazing cattle to water points (Williams et al. 2019). In our
study, however, there were 31 (33%) days where the sites were inaccessible because of the quality
of internet connection. A previous experiment using similar equipment in a smaller paddock had 41
consecutive days of experiment because of the availability of 3G connection (Simanungkalit et al.
2020). In this current study, the internet connection was relayed using a custom-built Wi-Fi antenna
whose stability was affected by harsh environmental conditions such as dust and extreme
temperature. Williams et al. (2020) pointed out that maintaining continuous connectivity is the
greatest challenge in installing electronic equipment in an extensive environment.

Some ASW units in this current study may have failed to send the data because of several
issues. The RFID tags used in this current study were manufactured by Allflex. An experiment in
feedlot cattle by Wallace et al. (2008) reported >95% readability of Allflex HDX RFID ear-tags by
panel readers, which was superior to other commercially available RFID brands. However, Williams
et al. (2019) stated that malfunction of the RFID systems prevented the panel reader from
transmitting a signal to the data logger due to power disruption, broken communication cables
and insufficient data logger memory. Also, Ruiz-Garcia and Lunadei (2011) contended that RFID
application in an extensive grazing environment requires longer reading because forage canopies
could potentially weaken the signal strength. False readings may be attributed to physical
properties of RFID tags causing electromagnetic wave distortion by materials containing metals
and liquids that can hinderthe transmission of the waves especially, for UHF and microwave
frequencies (Schwartzkopf- Genswein et al. 1999).

The ASW unit records indicated that between-animal variation of cumulative time spent
accessing lick-block supplements over 62 days was 107%. Imaz et al. (2020) reported a significant
relationship between individual daily time spent at Smartfeed® feeder and lick-block supplement
intake (P<0.01) with an 80% CV of between-animal variability. The number of cattle, the type and
number of automatic feeders, and the extent of paddocks and watering points between these
studies might contribute to the differences in results. However, Imaz et al. (2020) inferred that lick-
block intake variation was mostly influenced by individual behaviour rather than the whole herd.
Sowell et al. (2000) explained that social hierarchies in a herd cause most issues in providing
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supplement for grazing cattle. For instance, subordinate cattle may access less supplements than do
the dominant cattle causing high between-animal intake variability because of over-consumption of
supplements by the dominant animals.

Most visit time to ASW units took place during the daylight hours between 0800 and 1700 h.
This is in agreement with Cockwill et al. (2000) and Reuter et al. (2017) who revealed that visits to
automatic feeders containing molasses blocks peaked between 1000 and 1500 h. Likewise, Tait and
Fisher (1996) stated that nearly 50% of visits to molasses block supplements occurred in the late
afternoon 4 h before sunset. In the current study, water was only available at the two sites, and
cattle would have been attracted to lick-blocks on the adjacent ASW units after drinking. Time of
visit pattern to lick-block supplement mostly occurred between sunrise and sunset and was
relatively comparable to Williams et al. (2019) who reported time of water point visit by beef cattle
in a similar environment. This is due to water points position in this current study was adjacent to
the ASW units causing voluntary access to lick-block supplement was highly influenced by water
point use by cows. However, some cows visited during the night, particularly at the Bore 13 site.
This is in line with Tait and Fisher (1996), who reported that visits to water and free-choice mineral
supplements peaked at 2200 h, with these behavioural patterns influenced by light intensity and
temperature. Kilgour (2012) summarised that ruminating and resting primarily occurred at night
while the diurnal rhythm of grazing and other feeding activities was driven by sunlight.

Failure of the ASW system to capture the presence of ear-tagged cows was likely the cause
of the significant discrepancies among the ASW units across the two sites (P<0.001). In the
GrowSafe® system, Schwartzkopf-Genswein et al. (1999) reported that interference from external
radio frequency such as citizen band radio and satellite was responsible for the failure of the system
in registering attendance of cattle. The ungrounded ASW unit metal frame is a factor that could
potentially disrupt the radio wave transmission. Resonation of the ASW unit metal frame may act as
an antenna and hamper detection of the RFID transponder by the panel reader. Orientation of the
RFID to the reader antennas can also affect the detection of the transponders by the system.
Schwartzkopf-Genswein et al. (1999) explained that maximum range of detection can be achieved if
the RFID transponder is in line with the antenna. Apart from these technical issues, individual
preference for particular lick-block units may explain the higher visit frequencies for ASW 1 at both
sites, which would have contributed to between animal intake variations.

The association between lick-block intake and time spent at the ASW units (r?=0.89) was
slightly lower than in the study by Simanungkalit et al. (2020) (r>=0.93) and by Imaz et al. (2020)
(r>=0.90), and may have been due to the greater number of cattle used and non-feeding activities
being counted as feeding. Schwartzkopf-Genswein et al. (1999) reported that 84% of the total
attendance to the GrowSafe® feeder was spent in the act of feeding. By using the Intergado®
system, Oliveira et al. (2018) found a long-term visit duration by multiple cattle had been interpreted
by the system as a single long-term visit by one animal. In this current study, up to six cows could
potentially approach the ASW units simultaneously. This social interaction might increase non-
feeding activities which the ASW unit counted as feeding.

The presence of multiple animals could also potentially confound the ASW system
registering to the RFID transponder, associated with variable power demand and supply from solar
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panels to the computer. Vujovi¢ and Maksimovi¢ (2014) stated that power consumption of
Raspberry-Pi fluctuates depending on the number of tasks. Hence, more animals present at the ASW
unit would increase power consumption. While this rarely occurred, the computer might fail to
record the RFID during sustained high activity at the ASW units, coinciding with overcast weather
and slow recharge, resulting in low battery voltage and system failure. Apart from technical issues,
the ASW units was capable to monitor time of accessing and time spent at the unit that reflected the
voluntary access to lick block supplement. Real-time information of time of accessing supplement,
number of cows and supplement intake could assist graziers to better understand management
practice in providing supplemental feeds for breeding cows in an extensive rangeland, particularly
for deciding the optimal amount and distribution of supplement offered for certain number of cattle.

6.6 Conclusion

This study has shown that the ASW units successfully monitored access to lick-block
supplements by breeding cows in an extensive rangeland environment. A significant relationship
between time spent at the ASW unit and lick-block intake on a herd basis indicated accuracy of the
ASW unit for the prediction of individual supplement intake. Diurnal and spatial behavioural
patterns were observed, although between- and within- animal variability was high. A difference in
time spent accessing lick-block supplements by cows between the ASW units across the two sites
was partly attributable to failure of the system to capture attendance of cows because of technical
issues such as unstable internet connection and interference from external radio waves. Hence,
improvement in the infrastructure, particularly increasing resilience of the internet connection in a
harsh environment, is required for maintaining continuous operation to obtain more accurate and
reliable data in a long-term observation.
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7 Grazing habits of low and high performing breeder cattle in
northern Australia

7.1 Overview

Moovement GPS tracking eartags were fitted to 80 breeder cattle selected for showing High
reproductive performance, Low reproductive performance or chosen randomly from the herd. In
addition, 16 of these cattle (9 High, 7 Low) were fitted with GPS collars with a higher location
recording frequency. Cattle were tracked over 5 months during the dry season in an 8,300ha
paddock, with access limited to 2 water points approximately 6km apart. There was no appreciable
difference in the Livestock Residence Index between productivity groups. Nor was there any
difference in the mean or maximum distance animals from the performance groups walked from
water. While not assessed statistically, there was no apparent difference between groups in the
regions of the paddock being grazed.

7.2 Materials and Methods

Cattle and paddock

A herd of up to 637 Brahman-infused breeding heifers, cows and bulls as well as calves located on
Burleigh station (Longitude: 143.038889 Latitude: -20.035468) in the Richmond region of NW
Queensland was used for the study. The herd grazed a single paddock (7,615 ha) continuously over
many years without spelling, but animals were forced to graze different areas at different times of
year by opening or closing access to reticulated water and dams within the paddock. Supplements
were supplied throughout the year, with a range of commercially provided supplements (Olsson
Ind., Brisbane, Qld.), rich in urea, sulphur, or phosphorus) available. Bulls were always present in the
paddock to support year round joining, with calving predominantly occurring during the wet season
(Dec — Mar).

The trial paddock is predominantly sandy forest country of the Southern Gulf Catchment region
which is primarily used as breeding enterprises with a one of the lowest recommended utilisation
rates of 15% of pasture. Sandy forest is timbered sandy plains of low to moderately dense woodland
of wattle, bauhinia, beefwood, dead finish, arid peach, paperbarks and long-fruited bloodwoods.
Pastures are naturally dominated by Aristida spp. and annual fire grass (Schizachyrium) species.
Preferred pasture species include Black spear grass, kangaroo grass, gulf bluegrass, forest bluegrass
and desert bluegrass (Qld. Govt. 2020). Soils are deep sands - mainly red and brown soils of light
texture that are very low in phosphorous fertility. Surface runoff is very low and categorised as
2.5.1A in the Queensland Regional Ecosystem Framework (Neldner et al., 2019).
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Identification of low and high reproductive performance

The herd was mustered early in the dry season (June) and prior to the start of the wet season
(September/October) each year, with females monitored for pregnancy (manual palpation),
lactation and body condition score (1-5). This reproductive data for the herd was available for the 2
years prior to commencement of this study and was used to create an index to differentiate Low and
High breeding performance groups at commencement. The index of reproductive performance was
created based on the gestational and lactation status over these preceding 4 observations. The
highest index females are referred to as ‘high performance’ and the lowest index cattle are referred
to as ‘low performance’ hereafter. Some low performance females were removed at each muster as
part of normal culling procedures for age and condition.

Animal Tracking

Two GPS based systems were used to monitor cow movement, a solar powered ‘smart’ eartag and a
battery-powered GPS neck collar. The 80 cattle monitored were all fitted with Moovement tags
(https://www.moovement.com.au/) fitted to the back of the nearside ear (Fig. 7.1). This position
was used to ensure the solar cell would receive sunlight but the tag was hanging near vertical on
cattle with high Brahman content with pendulous ears. The tags were set to provide data at hourly
intervals but the frequency of data collected was dependent upon the tag was facing relative to the
LoRaWAN so data was not consistently detected, even if it was sent from the eartag. The LoRaWAN
network was based on 3 towers, with data being relayed out via the internet connection at one of
the water points.

Figure7. 2. GPS collar as used at Burleigh
Figure 7.1. 3™ generation mOOVement tag 2" box is for counterweight to keep GPS
tracker high on the neck and can also house

auxiliary batteries.

The collars (Fig. 7.2) were based on the SiRF Star Il 65nm GPS low power chipset and GPS Antenna in
the I-gotU 64m MD tracker as modified by Allen et al., (2013, Landscape and Urban Planning 119,
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https://www.moovement.com.au/

131-135), with a magnetic on/off control inserted and the provided battery replaced with an
NCR18650B Li-ion battery (MH12210) capable of supporting use in the field for 5 months.

Unfortunately due to Covid 19 and a change in the mustering cycle in 2020, we were unable to
retrieve these GPS collars from cattle in 2020 but will do so and retrieve data in 2021. They do not
transmit data but store it on a memory chip that must be physically removed to access position data.

7.3 Results and discussion
The mOOvement tags were able to be detected across all of the paddock that cattle were likely to
have visited, when only 2 water points were accessible (Fig7.3).

Figure 7.3. Positional fixes from mOOvement GPS eartags. The only 2 water points (No 13 bore
and Eldon’s) are marked by white hexagons

While the physical coverage of the paddock by LoRaWAN was sufficient, the data transmission is
partially affected by the direction of the eartag when the data is sent and so data receival was
incomplete. While 15 positional fixes per day were expected, the maximum number (1360) was only
obtained by ‘test’ tags placed in direct sunlight immediately adjacent to the LoRaWAN tower. With
250-250 fixes over 5 months being the most frequent number of positional fixes by any one animal
(Fig. 7.4). Because of this scarcity of data, we have not tried to calculate normal grazing metrics such
as grazing speed or total distance travelled, and will have to await data from GPS collars to be
retrieved in April 2021 to source these data.

A crude plotting of all locations recorded from cows in each productivity group showed groups were
largely grazing the same area of the paddock (Fig. 7.5).
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Figure 7.4. Histogram showing distribution of the number of positional fixes obtained by
mOOVement GPS eartags from June until October 2020 at Burleigh

Plots of the livestock residence index (proportion of time spent by cattle in each 50x 50m square of
the paddock for Low, High and Random Productivity cows showed little treatment difference (Fig
7.6).

In addition, we calculated the distance from water that each animal was willing to travel and
averaged the data for all location data for High, Low and Random sample productivity cows (Fig.
7.7). In interpreting this it must be remembered that the two water-bores were approximately 5
km apart, so a cow that was close to one would, by necessity, be 5 km or so from the other. What
the histogram and summary data in Fig. 7.7 shows is that there is no major difference in the time
cattle of different productivity groups spend at different distances away from water.
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Figure 7.5. Display of all positional data recorded for cows in High, Low or Random productivity
over 5 months showing regions of paddock that were grazed. Eldon’s and No. 13 bore are shown
as white hexagons.
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Figure 7.6. Livestock residency index (LRI) of cows belonging to Low, High or Random
Performance groups. The LRI was calculated which is the count of points inside each 50m x 50m
cell / the total number of GPS points * 100. A higher number represents a higher residency time.
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Figure 7.7. Histogram showing the frequency of cattle being detected a given distance from either
No 13 bore or Eldon’s. (A cow camped at Eldon’s will be detected 0 km from Eldon’s but 6 km
from bore No. 13). Data are partitioned for cattle with high, low or random productivity groupings.

Table 12. Average distance (km) from water (Bore 13 and Eldon’s) in first, mid, and closing third of
the 5 months grazing period

Period Distance High Low Random herd
productivity productivity
Day 1-43 Distance to No. 13 6.14 (1.03) 5.84(0.81) 5.80(1.05)
Day 1-43 Distance to Eldon’s 1.15(1.37) 1.15(1.16) 1.23(1.23)
Day 44 - 86 Distance to No. 13 4.28 (2.79) 5.16 (2.17) 5.01(2.38)
Day 44 - 86 Distance to Eldon’s 2.77 (2.71) 1.86(2.33) 2.49(2.32)
Day 87-130 Distance to No. 13 2.13(2.55) 3.05 (2.66) 2.62(2.74)
Day 87-130 Distance to Eldon’s 5.02(2.35) 4.10(2.71) 4.55 (2.45)

Cattle were mustered from the paddock on August 18. The mOOvement eartag cattle were
principally based at Eldon’s (so close to Eldon’s but distant to No. 13) initially and this was true for all
productivity groups. Cattle were mustered out of the paddock on August 18 and then returned, and
after this most cattle opted to water at No. 13 and so the average distance from water was less
(Figure 7.8).
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Figure 7.8. Average distance from water (Bore 13 and Eldon’s) on daily basis for cows from
different productivity groups showing change in watering habit after cattle returned from 2™
round muster (Day 53).

7.4 Conclusion

The location data available suggests differences in reproductive performance were not associated
with differences in the grazing location of the cows or their willingness to walk further from water.
This implies differences in cow performance may be either associated with their diet choice (in
pasture/browse as well as in supplement intake), or in the metabolic processes of the animal
themselves.
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8 Supplements and Productivity

A subset of data from the 2020 dry season is used to display findings that had previously been seen
in other dry and wet season data. In this time cattle were well adapted to the WoW system and to
walking thorough spear traps, though some control animals were also adept at pushing backthrough
exit spears to get to lick block. In general cows were losing weight over the dry season (Fig.8.1), with
a herd average of 0.75kg/d during through the peak of the dry in August/September.

Histogram of ADG (kg/d)
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Figure 8.1. Frequency distribution of average daily weigh change of cows through
August/September 2020 (mean of all cattle)

There was a strong though not perfect correlation between estimates of block intake based on the
remote monitoring and those ‘gold standard’ estimate based on weighing the entire block weigher
(structure + block) manually at the start and end of the feeding period to ascertain disappearance
(Fig. 8.2).
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Figure 8.2. Association between manually determined block disappearance over a grazing period
and the remotely determined lick block intake over the August/September to which this section
refers

Cattle offered free-choice blocks (treatment 3) in Burleigh sandy forest country had a strong dry
season (Table 13) and also wet season (data not shown), preference for sulphur rich blocks over
ureaand also over phosphorus blocks, which were consumed in the least quantities.

Table 13 Total number of records of eartag presence at block weighers offering urea or sulphur or
phosphorus during 2020 dry season showing preference for sulphur over urea over phosphorus

HITS S u P
Eldon’s | 5766598 | 3004110 | 3004110
No 13 2372737 | 770815 | 574861

The average daily block intakes for cattle in each group are shown in Table 8.2

56



Table 8.2. Average daily intake (g/head/d) of blocks individually high in Sulphur, Urea or
Phosphorus. All data is shown. Some animals from one treatment were able to manipulate the
spear traps on the yard exit to get into other supplement yards. So a small amount of S and P
supplement was taken by “urea only” cattle and a small amounts of Urea, S and P were taken by
group 2 who should have received no supplement.

Treatment | Sulphur urea Phosphorus  TOTAL

Urea only 5 122 1 127
No suppl. 14 37 3 54
Free Choice 69 81 18 168

It was expected that there would be a strong correlation between supplement intake and liveweight
change, as monitored by the WoW units at bore No 13 and Eldon’s. However this was not observed
on this occasion (Fig. 8.3), as it was not seen on others).
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Figure 8.3. Association of total registrations at lick block stations (an indicator of block
consumption) verses liveweight change of cows of August/September

We do not understand why this apparent failure of any supplement to reduce liveweight loss
occurred, given the well-known role of rumen degradable nitrogen in stimulating rate of digestion
and so feed intake on dry season pastures. It is certain that the occurrence of calving during the
study period could have introduced great variation in the data, but there is no reason to think this
would not act equally over all 3 supplement groups. We have previously manipulated LW data of
breeders using the equation of O’Rourke et al. (1991, below), but have not found major changes in
interpretation
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=d+ 2.718~ [-0.309 + 0.133 * Days pregnant/7 — 0.00063 * (Days pregnant/7) * 2]

It may have been expected that with such a strong preference for sulphur, that sulphur may have
been the rate limiting nutrient for ruminant digestion and growth, but a simple viewing of the
relationship between number of records of an animal at a sulphur block (in treatment 3) and their
liveweight change by WoW shows no reason to believe Sulphur is limiting animal performance (Fig.
8.4).
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Figure 8.4. Relationship between recordings of an individual animal’s RFID tag at block weigher
number 3 and the average daily weight change over 6 weeks in the dry season at Burleigh.

The other approach to marrying supplement intake to performance was to compare the supplement
intake of the historically High and Low performing cows. All these cows were in treatment 1 (urea
supplement only) and there was no difference (P>0.05) in the total number of RFID records at block
weighers for High v Low productivity cows over Aug/Sept (32,762 records v 31 754 records
respectively).

So the picture we see after a number of dry season monitorings (of which this 2020 period had the
most robust and quality assured data so was presented), is that the cows with a higher reproductive
performance record cannot attribute this performance to greater urea block intake. Further, and
concurringly in a nutrition study, is there was no evidence that providing Free Choice blocks over
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urea blocks alone during the dry season would reduce liveweight loss in cows, or even that providing
any block offered LW advantage over unsupplemented animals.

9 Supplement management recommendations

We are challenged in transferring the findings just reported (Milestone 8.3) into supplement
advisory recommendations. Quite simply the data on block intake (whether based on manual
weighing or automated that provides comparable data) and live weight change does not display any
relationship warranting recommendations for supplements of any kind. Given the strong published
first principle evidence that cattle on low protein diets should respond to rumen degradable
nitrogen (as urea) and that the high performing cows had a superior nitrogen efficiency, it was
expected and remains likely that we should have seen a response to nitrogen. The fact we didn’t
observe this may have a solid explanation in the importance of browse in this paddock which has
been continuously grazed for many years. If this was the case it would bring the need for nitrogen
supplements into question in forest country and this needs to be discussed with local graziers who
have generations of experience in running breeders in sandy forest paddock.

Similarly the strong preference for sulphur blocks when no apparent liveweight advantage was
conferred needs consideration. Is this an animal response to secondary compounds in the browse to
detoxify antinutritive factors? Is it a response to buffalo fly irritation? The research on Vitamin D
and other related bone- growth regulators warrants closer investigation and a PhD student at UNE is
currently pursuing these options.
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10 Metabolic insights regarding bone metabolism, Vitamin D and
nitrogen-use efficiency

HY-d, the commercial name of 25-hydroxyvitamin D (250HD) produced and marketed by DSM has
already shown some application in northern grazing (Tomkins et al., 2020). The last 5 years has seen
a substantial expansion of the diverse metabolic role of Vitamin D in the body and in so doing, other
potential feed additives or injectable bioactive that can regulate bone accretion and mobilisation in
desirable ways have become increasingly understood so these are also evaluated below. This is a
literature review rather than an experimental report and forms the basis of a new program of
metabolic research at UNE supported by a new higher degree student (J Clay).

In 2018 we included a Hy-D containing block in the Burleigh experiment, but it took most of the year
to get clarity that the drafter was not reliably drafting into this 4" pen, so the results obtained are
not considered sufficiently reliable to report here and yet we believe there are a number of new
insights into bone metabolism and the role of the D vitamins in that, to warrant further development
and so this literature based assessment of prospects is provided.

10.1 Improving breeder bone metabolism: Vitamin D and emerging tools
10.1.1 Overview of Vitamin D and Breeder function

o Increase in P absorption efficiency: Supplementation with VitD metabolites increases the
efficiency of P absorption in ruminants. There is also an increase in P retention in animals
supplemented with VitD metabolites. This means that the need to supplement P in large
guantities is reduced, and may remove the need to supplement heavily in P deficient
environments, reducing costs.

o) Increased VitD metabolite levels support an increase in bone mineral density: 25(0H)D
levels greater than 80nM reduces bone resorption and promotes bone accretion. This,
paired with increased P absorption and retention in the body allows for bone accretion to
take place. Alfacalcidol treatment at 1/100th the amount of 25(OH)D allows for an increase
in bone at a faster rate. This allows for focused periods of bone formation for breeder
cattle in the dry period with minimal supplementation, providing a reliable source of P in
the wet season.

o Bone as a source of P: approximately 80% of a body’s P reserves are located within bone.
Breeder cattle use this supply when lactating. By increasing bone mineral density there is
an increase in bodily P reserves, allowing for access in periods of high demand e.g.
lactation or muscle growth which normally occur in the wet season, which causes issues for
access in regards to supplementation.
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o Early intervention equates to healthier breeding herds: Research into breeder cattle from P
deficient pastures throughout the southern hemisphere have shown lower milk
production, weaner weight, cow weight, bone P status and condition score. Low dietary P
and high demand on breeder cattle equates to lower breeding herd productivity.
Interventions with VitD metabolites provides greater P reserves throughout a cow’s
lifetime, allowing for increased reproductive productivity with healthier offspring.

10.1.2 Emerging understanding of regarding bone metabolism, Vitamin D and new high
potency bone regulators

10.1.2.1 Vitamin D

The role of vitamin D in mineral homeostasis and bone health has been widely documented, but
exact pathways and processes in regards to the effects on bone are still yet to be completely
elucidated. The active vitamin D hormone 1,25(0OH)D plays a central role through binding to the
vitamin D receptor (VDR) and regulating expression in target organs including intestine, bone, kidney
and parathyroid gland (Shiraishi, Takeda et al. 2000). In regards to bone health, most research in the
field is based around human or murine models, but there is an increased interest in the effects of
vitamin D and its metabolites and prodrugs on the physiology and health of ruminants, especially in
regards to the prevention and treatment of periparturient hypocalcaemia.

Bone is capable of paracrine extrarenal metabolism of 25(0OH)D into 1,25(OH)D, which in turn
activates bone remodelling by increasing osteoblast activity and osteoclast recruitment. This is
possible by expression of 25-hydroxyvitamin D 1a-hydroxylase (CYP27B1) and 25-hydroxyvitamin D
24-hydroxylase (CYP24) in osteoblasts. CYP27B1 converts 25(OH)D to the highly active hormone
form of the vitamin, 1,25(0OH)D, whereas CYP24 induces the catabolism of both 25(0OH)D and
1,25(0OH)D to the waste products 24,25(0H)D and 1,24,25(0H)D respectively (Bikle 2014). In the
kidney, formation of 1,25(OH)D is tightly regulated by Ca and PTH concentrations. PTH induces an
increase in CYP27B1 whilst decreasing CYP24 gene expression and enzyme activity in a diametrically
opposed manner to maintain calcium homeostasis. Bone CYP27B1 expression and activity is
regulated by 25(OH)D concentration (Anderson and Atkins 2008) and CYP24 expression and activity
are positively correlated with bone CYP27B1 levels (Anderson, O’Loughlin et al. 2005) which is not
influenced by classical renal regulation.

25(0OH)D has been the most widely studied vitamin D metabolite and compound in supplementation
of ruminants. In regards to mineral metabolism, studies have found that 25(OH)D supplementation
at a rate of 3.25-6mg/h/day increases plasma phosphorus concentration (McGrath, Savage et al.
2013, Guo, Jones et al. 2018, Tomkins, Elliott et al. 2020) plus increased phosphorus and calcium
retention (McGrath, Savage et al. 2012). This supports the theory that 25(0OH)D supplementation
increases intestinal absorption outside of activation to 1,25(0OH)D, and thus increases absorption
efficiency of P and Ca from the diet. Studies on parturient dairy cows have looked at bone health
markers such as both carboxylate and undercarboxylated osteocalcin (OC and ucOC), tartrate-
resistant acid phosphatase (TRAP5b), C-telopeptide of type 1 collagen (CTX-1) and plasma mineral
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concentrations to find the 25(0OH)D supplementation has a positive effect on mineral metabolism
and in the prevention of hypocalcaemia (Martinez, Rodney et al. 2018, Martinez, Rodney et al. 2018,
Rodney, Martinez et al. 2018, Rodney, Martinez et al. 2018).

There is further evidence to suggest that 25(0OH)D is directly involved in bone growth and
preservation. In humans, there is a direct correlation between 25(0OH)D status and bone density,
fracture risk and osteomalacia (Anderson and Atkins 2008). In one human study, seasonal decreases
of 25(0OH)D over winter lead to a decreased osteoid volume and mineralisation rate that correlated
with 25(0OH)D, and not 1,25(0OH)D concentration (Need, Horowitz et al. 2007). Studies in rodents
have supported this finding, with a significant correlation between 25(0OH)D levels in diet and bone
mineral volume (Anderson, Sawyer et al. 2007). Further work by researchers using both human and
rat models has shown that serum 25(0OH)D levels >80nM reduces bone resorption whilst maintaining
osteoclastic cell viability, and acting as a protective agent for bone mineral volume (Anderson,
Sawyer et al. 2007, Anderson, Sawyer et al. 2008, Kogawa, Findlay et al. 2010). In vitro work has also
shown that 25(OH)D increases osteoblast mineralisation at physiological levels (100nM), supporting
the theory that it is an important factor in bone growth (Atkins, Anderson et al. 2007).

In vitro work on murine cell lines has shown that 25(0OH)D is an important regulator of osteoclastic
cell recruitment and reduced resorption via a concentration gradient without affecting cell viability
(Kogawa, Findlay et al. 2010).

Due to the tightly controlled nature of 1a-hydoxylase expression and activity via calcium
concentration and PTH in the kidney, research has gone into the production of 1,25(0OH)D analogues
for the treatment of osteoporosis in humans. Two compounds of interest are alfacalcidol (1a(OH)D3)
and eldecalcitol (1,25(0OH)2-2B-(3-hydroxypropyloxy)D3). Alfacalcidol (ALF) is activated to 1,25(0OH)D
in the liver through the enzyme CYP2R1 (25a hydroxylase). As the production of CYP2R1 is not
limited by PTH and ultimately controlled by Ca2+ concentration, ALF is completely activated to
1,25(OH)D. Eldecalcitol (ELD) does not require either hepatic or renal activation, and has a much
higher affinity for the vitamin D binding protein (VDB) compared to ALF, leading to a longer
biological half-life, although it has a lower affinity to the VDR (Kubodera, Tsuji et al. 2003). ELD is
more resistant to metabolism, which along with an increase in half-life provides more relative
activity compared to other vitamin D metabolites (Ritter and Brown 2011).

ALF is currently used in the treatment of rickets, osteomalacia, renal osteodystrophy and
osteoporosis. Both clinical and murine studies have shown that interventions with ALF (between 0.1-
0.75ug/day) balances PTH abnormalities, increases Ca and P absorption and concentration in blood,
and reduces osteoclastic activity whilst maintaining (or increasing) osteoblast activity, resulting in
either maintained or increased bone mineral density. Biochemical markers of remodelling and
resorption change during treatment, with decreases in TRAP5b and deoxypyridinoline, markers of
osteoclast activity (Shiraishi, Higashi et al. 2002, Rix, Eskildsen et al. 2004, Matsumoto, Yamamoto et
al. 2020). Markers of osteoblast activity — namely PINP and bone-specific alkaline phosphatase
(BALP) have been shown to decrease in individuals treated with ALF as well (Rix, Eskildsen et al.
2004, Jiang, Tang et al. 2019, Matsumoto, Yamamoto et al. 2020). This suggests that ALF negatively
affects osteoblast activity, although these studies all focused on osteoporosis which is characterised
by an increase in osteoblastic activity in an attempt to couple with a vast increase in osteoclastic
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activity due to estrogen deficiency. Murine studies have shown that not only does ALF significantly
increase serum Pi concentrations, but also increase bone mineral density and strength of both the
lumbar vertebrae and femur compared with sham-operated animals (Shiraishi, Higashi et al. 2002).

The increase in BMD and reduction of osteoclastic markers suggests that ALF allows for
‘supercoupling’ of the remodelling process in the direction of maintenance and growth of bone.

Ruminant studies utilising ALF have focused mostly on mineral homeostasis and the prevention of
parturient paresis in sheep and cattle, the peak period of mineral demand. A study in adult wethers
showed that dietary ALF supplementation of 0.02pg/kg/day caused a significant increase in
absorption and retention of Ca and P, increased bone accretion and decreased bone resorption
(Braithwaite 1980). Parturient studies in lactating cows support the evidence in nonlactating sheep,
with single intramuscular injection of between 500-700ug ALF causing a significant increase in
plasma Ca and P levels for up to a week, preventing parturient paresis (Naito, Sato et al. 1987, Sachs,
Perlman et al. 1987). The results in lactating ewes treated daily with injections of 5ug ALF/day for
ten days showed a significant increase in intestinal absorption and serum Ca and P levels.
Interestingly it also showed a significant decrease in bone resorption, a significant increase in urinary
Ca and a slight (but not significant) increase in urinary P, but a significant increase in mineral
retention (Braithwaite 1978). These results show that ALF is effective at increasing Ca and P
absorption and retention, and increasing bone at very low concentrations of administration
compared with 25(0OH)D.

While there have been no investigations into the effectiveness of ELD on bone metabolism in
ruminants, human and murine studies have shown int to be effective in stimulating osteoblasts and
increasing bone mineral density while decreasing osteoclastic activity. Supplementation of Cyp27b1-
/- mice at the rate of 0.25ug/kg 3 times weekly led to a significant increase in plasma Ca, bone
length, cortical, trabecular and total bone mineral density of the femur (Hirota, Nakagawa et al.
2018). Further studies have shown that ELD increases bone formation compared with ALF at higher
rates of administration in both mice and humans (Matsumoto, Takano et al. 2014, Shiraishi, Sakai et
al. 2014, Jiang, Tang et al. 2019, Matsumoto, Yamamoto et al. 2020).

One potential issue with the supplementation of vitamin D and its metabolites is in the regulation of
mineral homeostasis. Increased concentrations of Ca in plasma decreases the production of PTH and
increases production of calcitonin. This in turn causes a decrease in 1la-hydroxylase expression and
activity and increases renal Ca and P excretion. An increase in plasma P levels will activate
fibroblastic growth factor 23 (FGF23), which works in a similar fashion to high plasma Ca by reducing
la-hydroxylase expression and activity, increasing 24a-hydroxylase activity and renal excretion of Ca
and P (Shimada, Hasegawa et al. 2003). Whilst the effects of FGF23 have been investigated in many
organisms, there is a lack of research in regards to ruminants (Hardcastle and Dittmer 2015). An
increase in 24a-hydroxylase from FGF23 may decrease the effectiveness of any supplemental
vitamin D compounds.

10.1.2.2 Bisphosphonates

Bisphosphonates (BPs) are a class of drug which are potent inhibitors of bone resorption. They are
the most widely used drug for the prevention of bone mineral density loss through osteoporosis,
Paget’s disease, hypercalcaemia of malignancy and osteolytic bone metastases. BPs are potent
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calcium chelators and have a high affinity for exposed hydroxyapatite (HAP), which can be found at
the sites of bone resorption (Rodan and Reszka 2002, Markell, Saviola et al. 2020). Their method of
action is in the reduction of osteoclastic activity by either inactivation, the induction of apoptosis or
a combination of both.

Synthetic analogues of pyrophosphate, BPs consist of two phosphorus atoms covalently bound to a
carbon atom (P-C-P) instead of two phosphorus atoms bound to an oxygen (P-O-P). There is no
enzyme capable of cleaving the P-C-P backbone, and as such it is not metabolised in the body and is
excreted unaltered (Russell, Watts et al. 2008). The central carbon atom provides two sites for
additional side chains (R1 and R2), which allow for the addition of substitutions. As a rule,
substitution of a hydroxyl (-OH) group on the R1 -site allows for greater binding to bone, and the
addition of one to two nitrogen atoms in the form of aliphatic or aromatic substitutions to the R2
site greatly improves potency, effective half-life and a different method of action. As such they are
classified into two broad groups — nitrogenous and non-nitrogenous BPs (Papapoulos 2008, Giusti
and Papapoulos 2018).

Once bound to HAP, BPs become covered in periods of bone mineralisation until resorption occurs
during resorption through remodelling. Once they are released during the acidic conditions of the
resorption lacunae, BPs are taken up by osteoclasts and the substitutions on the central carbon
atom determine the fate of the cell. Non-nitrogenous BPs induce apoptosis by the formation of a
cytotoxic analogues of ATP, whilst nitrogenous BPs induce changes in cytoskeleton structure leading
to inactivation and potential apoptosis (Giusti and Papapoulos 2018).The reduction of osteoclast
activity from inactivation or apoptosis and no change to osteoblast activity leads to bone coupling to
disassociate, allowing for a positive bone balance to occur, and a net increase in bone mineral
density. This action is relatively short lived, as coupling adjusts bone formation within 3 to 6 months
of BP administration to compensate for lower osteoclast activity. The loss of bone turnover can also
cause an increase in microfractures in bone, as well as an increase in atypical fractures of the femur
in humans. This, however, is only an issue in situations where very large doses of BPs have been
given and in long-term (>5 years) treatment for osteoporosis.

Due to the binding nature, structure and reduction of osteoclastic activity, many BPs have an
exceptionally long half-life in vivo. Alendronate, a nitrogenous BP, has a proposed terminal
elimination half-life of ten years (Rodan and Reszka 2002, Giusti and Papapoulos 2018).

O O
HO-p p-OH

HO' “OH
cl’ ¢l

Figure 10.1. Chemical structure of clodronate
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One potential drug of interest to the bone growth of ruminants is clodronate (CA), a first generation
non-nitrogenous BP. It contains chlorine atoms in both the R1 and R2 groups of the central carbon
(Fig. 10.1). Nancollas et al (2006) showed that CA has both the lowest binding affinity and the lowest
inhibitory effect on HAP compared with other commonly prescribed BPs in vitro. In humans, it is
used both as an antiresorptive drug and an analgesic in rheumatic disease (Plosker and Goa 1994,
Walker, Watanabe et al. 1997, Roemer-Bécuwe, Vigano et al. 2003, Markell, Saviola et al. 2020). CA
is currently utilised for the treatment of clavicular disease in horses (with the trade name Osphos),
and experimentation where single intramuscular administration has been shown to dramatically
improve lameness whilst having no effect on CTX-1 and osteocalcin levels over an eight week period
(Mitchell, Wright et al. 2019).

In the proposed model of bone growth in the dry season for access when needed in the wet, CA
offers the greatest potential of all BPs due to the low binding affinity and inhibitory effects, plus
having the added benefit of bone growth in a single intramuscular dose. This allows for intervention
at the beginning of the dry season either once milking has been reduced or weaning has occurred.
Once administered, CA would induce a reduction of bone resorption over the dry period, and the
uncoupling of bone turnover would allow for bone growth to occur.

10.1.2.3 Statins

Statins are a class of compound originally utilised for the treatment of hypercholesterolaemia and
dyslipidemia in humans. The first statins were extracted from Penicillium citrinum and Aspergillus
terreus, and since then a number of natural (mevastatin and lovastatin), semi-synthetic (simvastatin
and pravastatin) and synthetic (fluvastatin, atorvastatin, rosuvastatin and pitavastatin) statins have
been developed and are prescribed worldwide. They are all potent inhibitors of 3-hydroxy-3-
methylglutaryl-CoC reductase (HMG-CoA reductase), which is an important rate-limiting step in the
cholesterol synthesis pathway. On top of the reduction of cholesterol, it has been discovered that
statins have pleiotropic effects, including an anabolic effect on bone growth and actively lowering
bone resorption (Mundy, Garrett et al. 1999, Cruz and Gruber 2002). The effects that statins have on
bone are many and varied, depending on the particular type, administration and concentration.

Statins were first identified as a potential treatment for an increase in bone growth after the series
of experiments by Mundy et al (1999) showed lovastatin, simvastatin, mevastatin and fluvastatin
had a positive effect on bone morphogenic protein-2 (BMP-2) gene expression in vitro and in rats.
After this discovery, further research showed that simvastatin, atorvastatin and cerivastatin also
enhanced the in vitro expression of vascular endothelial growth factor (VEGF) mRNA in osteoblasts,
another anabolic factor of bone (Maeda, Kawane et al. 2003, Du, Chen et al. 2009). Both BMP-2 and
VEGF have been investigated as compounds to increase bone growth, but are both expensive and
have a short half-life in vivo (Shah, Werlang et al. 2015). Further in vitro studies have shown that
simvastatin stimulates osteoblast activation, enhances alkaline phosphatase activity and
mineralisation, and reduces type-1 collegenase activity (Maeda, Matsunuma et al. 2001).

As mentioned above, statins are potent inhibitors of HMG-CoA reductase, which is the rate limiting
step in the production of cholesterol from acetyl-CoA. This prevents the continuation of the

melavonate biosynthesis pathway. Inhibiting HMG-CoA reductase leads to a reduction of osteoclast
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activity as farnesyl pyrophosphate (FPP) and geranylgeranyl pyrophosphate (GGPP), metabolites of
the melavonate pathway are required for the prenylation of G proteins, which regulate gene
expression, cytokine production and vesicular trafficking of osteoclasts (Shah, Werlang et al. 2015,
Giusti and Papapoulos 2018, Morse, Coker et al. 2018). This in turn reduces the rate of bone
resorption due to osteoclast deactivation, and as such there is an uncoupling of bone turnover in
favour of growth. In a similar fashion, research into the mode of action of nitrogenous
bisphosphonates showed that they inhibit the same biosynthesis pathway that statins do, but
instead of HMG-CoA reductase the inhibition is on a downstream enzyme, farnesyl pyrophosphate
synthase (FPP synthase).

Studies have shown that both FPP and GGPP also inhibit osteogenic differentiation via the
prenylation of small G proteins, specifically Rho and Ras. Rho and the enzyme Rho kinase play a
negative role in bone formation, and in vitro studies have shown that the addition of 10uM
mevastatin or 1uM pitavastatin suppressed the activation of both Rho and Rho kinase, leading to an
increase in BMP-2 and osteocalcin mRNA production. Addition of mevalonate and GGPP to the
cultures reduced the levels of BMP-2 (Laufs and Liao 1998, Ohnaka, Shimoda et al. 2001). On the
other hand, Ras is activated by therapeutic levels of statins, due to the overall reduction of cellular
cholesterol. This activation causes an increase in the Ras signalling pathway, with production of the
downstream molecules Akt and extracellular-signal-regulated kinase (ERK), which further increase
osteogenesis.

Along with the aforementioned pleiotropic effects, certain statins have been shown to have a
positive effect on the concentration of serum 25(0OH)D3 and 1,25(0H)D3 levels in human trials. The
STATIN-D study (Ertugrul, Yavuz et al. 2011) involving 134 hyperlipidemic patients had a significant
increase in serum 25(0OH)D3 and 1,25(0OH)D3 levels occurred after 8 weeks of treatment with
rosuvastatin but not with fluvastatin. A similar result occurred with 83 patients with acute coronary
syndrome treated with atorvastatin for 12 months (Pérez-Castrillén, Vega et al. 2007), 91
hyperlipidemic individuals taking rosuvastatin for 8 weeks (Yavuz, Ertugrul et al. 2009) and 40
patients with PCOS taking atorvastatin for 3 months (Sathyapalan, Shepherd et al. 2010). A larger
study of 6,261 individuals, 40.5% of whom were long time statin users showed a significantly higher
level of serum 25(0OH)D3 compared with the control, and especially with individuals taking
simvastatin, atorvastatin or rosuvastatin (Orces, Montalvan et al. 2020). In contrast, other studies
have also shown no significant increase in 25(0H)D3 after 12 months (Thabit, Alhifany et al. 2014)

Even though the positive association between Vitamin D and statins exists, the exact pathways are
still unknown. A hypothesis has been suggested whereby statins increase intestinal absorption of
vitamin D from the diet through increasing cholesterol transporter expression (Yavuz and Ertugrul
2012).

10.1.2.4 Citrate

Citrate is produced in the mitochondria of cells, and fulfils an important role in the oxidative
metabolism of animal cells as an intermediate in the tricarboxylic acid cycle. Along with this, it is vital
for the maintenance of blood acid-base balance, can be utilised as a source of carbon for lipid and
sterol and fatty acid biosynthesis, and acts as a regulator of enzymes e.g. negative regulation of
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phosphofructokinase and positive regulation of acetyl CoA carboxylase (Palermo, Naciu et al. 2019).
Bone contains the highest concentrations of citrate in the body (Dickens 1941). Approximately 90%
of total citrate in the body resides in bone, where it makes up 1-5% of the organic constituents and
covers 15% of apatite surface. Certain cells, like osteoblasts, make de novo citrate as part of the
process of mineralisation of bone, utilising aspartate as a precursor (C. Costello 2012, C. Costello, B.
Franklin et al. 2014).

Studies in humans have shown a link between citrate concentration, bone mineral density and a
markers of bone metabolism. Overall, supplementation with citrate (either in the form of potassium
or calcium citrate) reduces bone resorption markers, increases BMD, bone microarchitecture,
calcium balance and a reduction in fall and fracture risk (Quesada Gomez, Rubié et al. 2011, Jehle,
Hulter et al. 2013, Moseley, Weaver et al. 2013, Gregory, Kumar et al. 2015, Granchi, Caudarella et
al. 2018). The exact pathways in which citrate causes these effects is not known, but some of the
theories include providing more citrate for bone growth, increased urinary pH due to the alkalising
effect of citrate salts and reduced urinary calcium excretion.
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Table 14. Vitamin D compounds and alternative bone modifying factors of potential application in Northern Australian beef

herds
Compound Action on bone Method of Pros/Cons Duration of effect
delivery
25(OH)D; —Hy-D | - Incregses Ca and P absorption and Fe_ed or + Cheap and easy to supplement. 2-4 weeks
levels in plasma. ' Injection + Small dose rates (2-3mg/animal/day)
- Induces bone remodellgng and . + Already used as an animal supplement
growth, due to increase in Caand P in i
body. + Safe to treat animals
- Can cause an increase of Type || - Needs research into effect on bone growth
muscle formation.
1(OH)D; - - Increases Ca and P absorption and Feed or + Very small dose rates (1-2ug/animal/day) 2-4 weeks
Alfacalcidol levels in plasma. Injection + becomes the highly active Vitamin D hormone
- Induces bone remodelling and 1,25(0OH)Ds
growth, due to increase in Caand P in + Strong evidence to back up efficacy
body. - More costly than 25(OH)Ds
- Increases bone growth and : .
decreases bone resorption. - Increased rls!< of hypercalcemia due to over
- Cause an increase of Type Il muscle supplementation _ _
formation. - More research needed in ruminants
ED-71- - Strong stimulatory effect on bone Feed or + Very small dose rates (0.5-1.5 pg/animal/day) | 4-6 weeks
Eldecalcitol growth whilst reducing bone Injection + Binds to Vitamin D binding protein, providing

resorption.

longer biological half life

+ Already active upon administration

+ Bone growth effect regardless of mineral
status

- Not tested in ruminants

- Expensive

- No impact on Ca and P metabolism compared
with other Vitamin D compounds
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Bisphosphonates | - Inhibits bone resorption by causing Injection + Multiple compounds available Clodronate — 6
apoptosis of osteoclastic cells + Long half-life (upwards of 6 months) months
- High affinity for Ca in bone + Cheap Zoledronate - 2-
+ Widely available 10years
+ Single injection needed
- Not tested in ruminants
- Exceptionally long half-life (>7 years for some
compounds)
- Research suggests that bone growth without
remodelling produces poor quality bone, and
long-term continual administration increases
bone breakages in humans (>5 years)
Statins - Compound developed for reducing Feed or + Multiple compounds available (natural, semi- | 4-6 weeks
cholesterol in humans with multiple Injection synthetic and synthetic)
pleiotropic effects: + Cheap
- increases bone growth +Small dose rates
- decreases bone resorption + Short half-life
- increases formation of Vitamin D; + Multiple effects from single compound
- Not tested in ruminants
- Some evidence suggests reduction of Vitamin
K
Citrate - ubiquitous compound Feed + Cheap and readily available 1 week

- required for regulation of
hydroxyapatite crystal shape and size
- normally formed by osteoblasts

- human studies have shown citrate
supplementation reduces bone
resorption and increases bone density

+ High palatability
- Not tested in ruminants

- Unsure as to fate of supplementation through
the rumen
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10.2 Nitrogen use efficiency of breeder cows with low and high reproductive
performance

10.2.1 Overview

The ratio of stable nitrogen isotopes along the length of the tail hair has been found by Dr Luis de
Silva’s laboratory to estimate nitrogen use efficiency of cattle. The method was applied to Burleigh
cattle with 25 Low, 25 High and 25 random productivity cows assessed. Seasonal effect was
substantial so 7 x 2cm successive portions of hair from the brush back towards the tail head were
tested. Isotope ratio suggested that performance groups did not differ in efficiency because of
animal selection for more nutritive pasture, but that differences in efficiency occur and are related
to the ability of cows to preserve dietary nitrogen, with lower loses of nitrogen in the urine.

10.2.2 Background

Cattle grazing seasonally dry tropical rangelands usually depend on low quality senesced C4 grass
pastures during the dry seasons when nitrogen (N) is the first limiting nutrient in the diet. In such
conditions one important factor contributing to the ability of individual animals to utilize the
available forage is N use efficiency (NUE). Cantalapiedra-Hijar et al. (2015) have recently
demonstrated that the *N to *N stable isotopes enrichment ratio (A®N) of ruminant plasma
proteins was correlated with NUE; with higher NUE associated with lower AN. Consequently, cattle
with higher NUE are expected to have lower AN in both plasma and tail hair proteins because of a
lower urinary excretion of diet derived N (without passage through multiple metabolic cycles).

The objective of the present experiment was to evaluate whether the AN in tail hair, as opposed to
the AN in plasma proteins, could be used to identify individual animals with the most efficient use
of dietary N, measured as NUE, among growing cattle ingesting protein-limiting diets. Tail hair is
composed mainly of keratin protein, and as hair grows the N present in amino acids is incorporated
into new segments of hair providing a A™N signature associated with the fractionation between the

15N and N isotopes.

10.2.3 MATERIALS AND METHODS

Dr Luis De Silva (Queensland University) conducted prior research to validate the principle of using
nitrogen ratios to estimate nitrogen use efficiency and then sampled tail hairs from the Burleigh
cattle to assess whether nitrogen use could in part explain the difference in reproductive history
between Low and High subgroups. The procedures and findings in regard to these Low and High
efficiency cows are summarized below

10.2.3.1 Tail hair collection and isotope analysis

To measure tail hair growth rate, a sample of tail hair was pulled, placed in paper bags, and stored at
ambient temperature in a dry and dark place until further analysis. The hair samples were first
washed to remove contaminants. Hair strands of about 20 mm were soaked in deionized water in a
50 mL beaker, washed by ultra-sonication, the water discarded, and the beakers containing samples
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dried at 40 °C for 48 h. To remove fats and any other remaining contaminants the hair samples were
soaked in a 2:1 mixture of methanol/chloroform before being re-washed with deionized water,
soaked in deionized water for another 30 min, and rinsed again. Finally, the samples were dried at
40 °C for 48 h. Individual hairs were selected from each sample and cut into 10 mm long sections
using a stencil. Five strands of 10 mm segments of tail hair were combined for analysis of the C and
N isotopic enrichment. Isotope ratio measurements were performed at the Stable Isotope
Geochemistry Laboratory within Earth and Environmental Sciences at the University of Queensland.

10.2.3.2 Cattle and grazing environment

The trial paddock in which the cattle grazed is predominantly sandy forest country of the Southern
Gulf Catchment region which is primarily used for breeding enterprises with one of the lowest
recommended utilisation rates of 15% of pasture. Sandy forest is timbered sandy plains of low to
moderately dense woodland of wattle, bauhinia, beefwood, dead finish, arid peach, paperbarks and
long-fruited bloodwoods. Pastures are naturally dominated by Aristida spp. and annual fire grass
(Schizachyrium) species. Preferred pasture species include Black spear grass, kangaroo grass, gulf
bluegrass, forest bluegrass and desert bluegrass (Qld. Govt. 2020). Soils are deep sands - mainly red
and brown soils of light texture that are very low in phosphorous fertility. Surface runoff is very low
and categorised as 2.5.1A in the Queensland Regional Ecosystem Framework (Neldner et al., 2019).

Identification of low and high reproductive performance

The herd was mustered early in the dry season (June) and prior to the start of the wet season
(September/October) each year, with females monitored for pregnancy (manual palpation),
lactation and body condition score (1-5). This reproductive data for the herd was available for the 2
years prior to commencement of this study and was used to create an index to differentiate Low and
High breeding performance groups at commencement. The index of reproductive performance was
created based on the gestational and lactation status over these preceding 4 observations. The
highest index females are referred to as ‘high performance’ and the lowest index cattle are referred
to as ‘low performance’ hereafter. Some low performance females were removed at each muster as
part of normal culling procedures for age and condition. Isotope data for 2 steers was removed from
the study for technical reasons

10.2.3.3 RESULTS and DISCUSSION

The stable isotopes analysis on plant tissues demonstrated that the tropical grasses, with the C4
photosynthetic pathway, where clearly separated from the C3 legumes and shrubs on §3C (Fig.
10.2). There was no clear separation of plant families based on §°N (Fig. 10.2).
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Figure 10.2. Separation of pasture families based on carbon and nitrogen stable isotopes.

Tail hair samples were collected in June 2019, therefore the recently grown hair would represent the

end of the wet season. Given that the ability of the animal to preserve dietary nitrogen would be
more important during the dry season, a chrono sequence analysis was performed to detect the

effect of time, and associated rainfall, on §3C and §™°N on the tail hair. The heavy rainfall brought by

cyclone Trevor in February 2019 changed the isotope pattern on the hair growing after that, likely
reflecting changes in pasture composition (Fig 10.3). The decrease in 8'3C suggests an increase in
legume intake by the animals and the increase in 8'°N suggests an increase in the total nitrogen

content of the diet.
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Figure 10.3. Effect of time (different hair segments) on §'3C and §*°N on tail hair of 50 cows.
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Because of this large time effect on the hair isotope values, it was decided to analyse 7 segments of
2 cm each from each cow to detect differences between the efficiency groups. Twenty-five cows
from each efficiency group were selected for this analysis, based on the reproduction index.
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Figure 10.4. Effect of efficiency groups (low and high) on 8'°N-Tail hair of 50 cows.

There was a Treatment X Time interaction (P = 0.02) for the §'°N-Tail hair (Fig. 10.3). Cows classified
as High-efficiency had lower 6N in the tail hair grown during the dry season (November 2018 to
February 2019) and during May 2019 (Fig. 10.4). There was no Treatment (P = 0.35) or Treatment X
Time effect (P = 0.71) on 8'3C-Tail hair (Fig. 10.5).
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Based on these results, we reject the hypothesis that differences in efficiency are related to the
ability of the animal to select for more nutritive pasture and accept that differences in efficiency are
related to the ability of cows to preserve dietary nitrogen, with lower loses of nitrogen in the urine.
Therefore, analysis of tail hair might be useful to select for more efficient animals.
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11 Application of remote monitoring equipment for extensive
grazing systems.

11.1 Overview:

Remote monitoring requires (1) a sensor or device to collect data, (2) a communications system to
transfer the data to the end-user and (3) an interface by which the user can access the data. This
report addresses these as we have seen them involved at Burleigh in this study.

11.2 Sensors for remote locations

Key points relating to application of five (4) remote data collection devices are considered, being
remote block weighers, walk-over-weigher with auto-draft, mOOvement positional eartags and
GPS tracking collars.

Lick Block weighers
These devices were designed and built as the foundation for the Burleigh study. The idea was for
the device to monitor the weight of a set of lick-blocks placed on a platform on loadcells in a

paddock.

Simanaungkalit (2020, 2021) as part of this project has shown that the time spent at a lick block is
directly proportional to the quantity of block consumed, and this is true for both the herd and the
individuals in it (Fig. 11.1, Fig. 11.2). On this basis we expected regular reporting of the weight of
block on a platform, coupled with a knowledge of the total time cattle spent at the block as
identified by individual NLIS eartag recognition, would allow us to estimate block intake for all
animals in the study.
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Figure 11.1. Relationship between time at
block by whole herd and loss of weight from
the lick block weight platform
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Figure 11.2. Relationship between time spent
by an individual cow at the lick block weigher
and mass of block consumed.
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Key points:

. Environment

The Burleigh research site is 30km from the homestead and in sandy forest country, and we used
pressed-salt blocks for supplement. This lead to rapid and severe rusting of block weighers (Fig.
11.3) necessitating replacement of some units with hot-dipped galvanised units (Fig. 11.4). More
importantly, the salt and dust readily damaged the load bars and load cells. In the course of the
study we changed from load cells (4 per weigher), to load bars (2 per weigher) beneath the platform,
to a suspended platform (Fig 11.5) to minimise the rate of corrosion damage to sensory units.
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Figure 11.3. Severe rust on the load bars Figure 11.4. Hot-dipped galvanised block-

beneath the weigh platform of a lick-block block weigher replacement unit
weigher

Figure 11.5b. Voltage regulator that moderates
incoming solar power to charge battery. When these
fail the battery is rapidly destroyed
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+  Consistency in components

To generate weight data, each block weigher requires the load cell/bars delivering a 4-20mA signal, a
processing unit that converts the mA signal into a weight value and then a means to send that weigh
value to the end user. During the study, the highly temperamental load cells (as in the earlier units)
became unavailable forcing the move to load bars. That meant changing from 4 cables to 2, changing
fittings and changing the data stream going into the integrator. The integrator used in all units was a
Rinstrum 320. However, despite us ordering exactly the same integrator over a number of years, the
internal processing and the wiring code for these units changed despite being identical in outward
appearance and part number. Just these two variables (load cells v bars; old or new Rinstrums)
meant there were 4 possible different configurations to service just to get a weight value

*  Consistency in power supply

Remote locations require solar electricity, whether that is for powering hardware (like load cells and
integrators) and/or internet to drive aerials or power to drive modems and local wireless
connections. Each block weigher is fitted with one 12V deep cycle battery charged by 2 solar panels.
The voltage regulators that convert solar cell output to battery input voltage are stunningly
susceptible to failure. Consequently a $400 storage battery is very readily destroyed by a faultin a
$40 voltage regulator. Testing a wide range of voltage regulator brands did not show any more
resilient to collapse than others. The regulators are mounted inside the cargo box atop the block
weigher with battery and Rinstrum. There were 10 voltage regulators that failed over the 3 year trial
period.

An additional snag with voltage regulators is if the battery outputs falls too low (perhaps due to
excess use overnight, or dust on the panel reducing daylight charging) the regulator will not attempt
to charge the battery and a high voltage must be fed in to make the regulator start charging the
battery.

*  Calibration

The weigh platform was calibrated based on an external load cell (Fig 11.6). The test load-cell
calibrated by the manufacturer (or using accredited weights on Campus) is placed at the centre of
the weigh platform. A steel bar isclamped diagonally across the weigh platform approximately
30cm above the floor and a hydraulic jack is tared then placed between the weigh platform and the
overhead bar. The jack is then cranked to put downward pressure on the weigh platform and that
weight is increased to 450kg.

When the desired mass/force is shown the calibration is locked in on the Rinstrum unit.

The same approach can be used to cross check and calibrate cattle scales and the scalesbeneath
the Walk-over-weighing units.

A more simplistic cross check of weigher accuracy is to place a set number of new 100kg blocks on a
weigh platform and this will identify if calibration is required.
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Figure 11.6. Use of hydraulic jack and Figure 11.7. Bird damage to exposed wires on
calibrated load cell to calibrate lick-block walk —over weighing unit
weigh platform.

Walk-over weighers & Autodraft

The Precision Pastoral manufactured WoW units on Burleigh are over 6 years old so much has been
done to improve the technology but these comments are directed at the older models as used.
Most of the challenges with obtaining WoW data were not with the WoW units themselves but with
the internet connection sending the data out.

Issues with the hardware as used included:

*  Exposed cables prone to bird damage (Fig. 11.7).

*  Loss of weight sensitivity due to accumulation of sand on the platform.

*  Broken bolts associated with draft gate movement/jamming.

*  Failure to record all NLIS earatgs passing over the platform. While this occurs due to
compromised reads (eg 2 animals traversing at once), it also occurs due to the direction of
the tag relative to the panel reader that activates tag and receives the signal from the tag.

*  Lack of on-board storage for when internet connection was down. This was remediated by
inserting an SD storage card.
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Moovement positional eartags

The Moovement eartag was initially chosen as it offered the promise of real time position data
during the study, without needing to retrieve collars and look at data up to 6 months after it
occurred. During the study period the Moovement eartg underwent substantial commercial
refinement with 3 separate models used (Fig. 11.8). The current model deployed in 2020 is
programmable remotely but was scheduled to ‘wake’ up hourly and fix its positon from GPS
satellites and send this position via a LoRaWan network over the paddock. While tags placed ‘solar-
panel up’ at points round the paddock as reference points had no problem delivering at least 15
positional fixes/d, tags fitted into the ears of cows were less frequent in their positional reporting.
This is thought to be due to the orientation of the tag relative to the LoRaWan towers in the
paddock.

GPS tacking collars (run time & retrieval)

Just as battery capacity constrains the frequency of the movement tag, so power reserves limit the
capability of GPS tracking collars. While the CSIRO tracking collar (still under development) relies on
solar charging of a small capacity battery, in 2020 we opted to simply increase the size of battery on
a conventional GPS collar. These batteries (Fig. 9) can operate for 4 months and the collars placed
on in May 2020 are still on cattle but will have ceased collecting data by now (Dec 2020) as we were
unable to get on-site to retrieve them.
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Figure 11.8. Damage to prototype mOOvement Figure 11.9. Expanded battery storage for
tag on bull GPS collar with I-gotU chipset

79



11.3 Data transmission from remote locations

On-site data transfer mechanisms

Approaches to transferring data from an instrument to a modem changed substantially in the last 5
years. While initially cables were used to transfer data from devices (camera/ block weigher/ walk
over weigher to a site modem, these were soon replaced with ‘SNAP® Link™ Serial Wireless Adapters
removing the need for cables that were prone to damage. Subsequently the Raspberry Pi single
board computer was developed https://www.raspberrypi.org/ which provide processing not just
transfer capability as well as establishing a local wireless network for communication. It is quite
likely that new raspberry pi could provide programmable control of almost all the hardware
currently controlled by the Rinstrum (for monitoring loadbars and converting mV to kilograms) and
the multiplexer (for timing the activation of each of the 4 aerials detecting NLIS tags above the
platform of the block weigher). Consequently it is quite possible that a block weigher could be
reduced to a solar unit, battery, weigh-platform and Raspberry pie and a beamed internet
connection.

Satellite upload of data

While downloading data from satellites is inexpensive and easy, uploading data to satellites is
expensive and through much of the trial period was $5-8/ MB, precluding sending of any
photographs or live- feed film footage. Satellite and 4G modems are readily interchangeable on
large devices such as the WoW, and block weighers. Due to the cost of satellite upload, we opted to
bring internet to the experimental site by use of directional towers from the nearest internet
connection (Olga downs).

Internet

Itis now very possible and quite inexpensive to use directional narrowbeam and broad beam
antennae’s to direct internet connection to a remote site with line of site distances of up to 40km
being claimed. We have used these aerials to cover up to 15km by line of sight. At Burleigh we
have a $120/month internet connection plan and run 3 continuous feed cameras to monitor the
site. So in contrast to satellite upload the running cost and data transfer capability of the internet
are far more desirable

Narrow Band — Internet of Things (NB —loT)

Narrow Band — Internet of Things (NB —loT) is a standard based, low power, wide area (LPWA)
technology that enables a range of 10T devices and services to connect to a NB-loT network. This
technology is best suited for static equipment, like meters and sensors in a fixed location. They
require significantly lower transmission power with typical data upload speeds between 200kpbs to
400kpbs.
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We tested a SIM7000x NB-loT module (Fig.11.10), connected via USB to a laptop computer.
Unfortunately, this did not provide any improvement in transmission range than a standard 3G
network phone.

Fig 11.11 Raspberry pi Single Board

_ Computer. These operate in WoW and
Figure 11.10 — SIM 7000x NB-loT Module | glock weigher units and can
process/transform data prior to sending,
can be modified remotely and set up a
local WiFi network

LoRaWan

LoRaWAN is a low volume data transfer system that relies on forwarding small quantities of data
from 1 repeater tower to another until it reaches a satellite model or internet hub and can be sent to
the end-user. It only works over modest ranges (~5km) and only with line of site to the tower. At
Burleigh we set up a LoRa Wan network to collect positional data from Moovement GPS eartags.
This required 2 repeater towers and a base station and we believe covered all 20,000 acres. If we
were monitoring in the wet season when cattle are more dispersed we would have installed another
2 towers in areas from which we received few recordings. LoRaWan while unable to transfer any
images or large data packages would be suitable for transferring data from fixed sensors. We believe
the lower than expected data recover from Moovement tags may in part be due to the directionality
of the signal delivered by the eartag which may not always align with the LoRaWan tower.

SD Memory cards

Due to the risk of communication failure (satellite/internet/LoRaWAN) we tried wherever possible to
store data on board on SD memory cards. These could be picked up and the data downloaded
manually which provided a safeguard for data. This is true for WoW units as well as block weighers.
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Manual weighing and data recording

Neither Burleigh nor the project had a sophisticated cattle scale and there is no internet connection
at the cattle yards. Consequently we would on some occasions use manual (written in pad) weight
and pregnancy test data recording at the crush-side, and on some occasions use a TSI electronic data
interface, relying on automatic (Bluetooth) capture of the NLIS number of an animal and a touchpad
to enter the weight and pregnancy data.

11.4 User-friendly data interface

It is very easy to collect extravagant quantities of data by remote sensors. It is far harder to
consolidate that data into the few numerical descriptors to identify treatment means and how these
shift over time. The quantity of data collected is too large to be managed in MS Excel. We used
MQTT to create an SQL database that could be accessed within UNE (but unfortunately not by non-
UNE team members). This database received block weigher data directly, routed via the internet
from Burleigh wireless hubs at Eldon’s and No 13 bores through Harrington Systems and on to UNE
database using the specific APl identifying the data to be transferred. Walk over weigher data was
more complex to source as it went through Harrington systems to Precision pastoral (which changed
to True test and Datamars during the study). Datamars have an interface to show crude information
but we found this was not kept up to data and this may have been associated with having Harrington
Systems involved as well. A copy of the UNE data base interface is shown in Figure 11.12.

11.5 Future improvements

Animal applied sensors offer one of the most realistic means of future research and commercial
monitoring of animal nutrition such as grazing time and place, feed intake and supplement intake.
All of these pieces of information can, potentially be generated from a GPS and accelerometer
equipped smart eartag. The current problem with all such eartags such as mOOvement tags,
despite having a solar panel for charging, is that they do not have enough energy stored to
collect/calculate and or send out data often enough to allow the desired calculations to be made
for the producer/scientist. There are 3 developments we have encounteredthat will help overcome
this energy shortfall in coming years.

*  The emerging solution to the energy storage crisis are super-capacitors rather than batteries
for energy storage. These are able to store energy much faster than batteries so capture
more of the solar energy.

+  Partnering complementary technologies. For instance, having the accelerometer in low
demand monitoring mode until an important activity (such as moving or grazing) is detected
and then and only then wake up the main computer to obtain a GPS fix or start to monitor.
This would typically reduce activity at night when energy supplies are unable to be
replenished.

*  Finding the balance between on-board processing to minimise data transmission and
sending of simple raw data to allow cloud computing to do the calculations and so reduce on
boardprocessing costs.
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11.6 Summary

+  Several components joined together in an environment 2000km away in harsh
territory with temperatures exceeding 40°C and surrounded by salt, sand and large
animals, will create operational challenges.

*  New multifunction electronics are available now that were not available at the start
of the project. These, especially single board computers (<$100/unit) offer the
opportunity to achieve a superior outcome with significantly less components

*  The secret of success for remote monitoring systems is minimize the number of
components, have replaceability so the units can be swapped with a new one, and
have a manual backup
o Datamars now do not expect the producer to fix the WoW unit, but to send the

control box back for exchange with a new one.
o By developing the raspberry Pi units added into block-weighers we could eliminate
= the problematic Rinstrum units (that convert load bar signal to kilograms)
= the “Fortytrout” multiplexer that powers the aerials for eartag reading

= Have a unit that is fully remotely interrogatable and reprogrammable.

* Avoid having multiple animals accessing a block-weigher at the same time & relying
on NLIS for identification. The multi-animal block-weigher appeared a good idea but
in hindsight and with newer technologies now available the following is
recommended:

o Change from the NLIS moderate frequency eartag to a high frequency eartag
to better monitor which animals are at a block and when. High frequency
tags could be made by adhering a $1 high frequency identification sticker to a
commercial visual eartag.

Instead of supporting multi-animal access, construct multiple single-animal-access block
weighers, each with a single lick-block on a small platform. Each weigher has only 1 tag
reading aerial but these may be controlled by a multiplexer or single board computer so that
only one processor (the expensive bit) is required to drive them all.
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12 SUCCESS IN MEETING THE MILESTONE(S)

The extreme difficulty in being able to get long term weigh and block intake data for multiple
reasons (hardware, software and on-farm practicalities of adjusting cattle to trap gates) caused the
research team to spend more time and money seeking simplified ways of getting the same data than
expected. This involvedeverything from eliminating Rinstrum weigh process units to developing
algorithms to estimate block intake from accelerometer eartags. These advances have provided a
better capability for future rangeland grazing research and one that may work over wet and dry
seasons, but are only coming to fruition as the project closes.

13 Conclusions/recommendations

As outlined above, the project has had a much deeper method development and validation
component than expected at the outset. However the research team is now well placed to be able
to more readilyand at scale, assess supplement intake, nitrogen use efficiency and in a basic way,
grazing habits.

Our findings show the animal’s internal metabolic efficiency may be the key component in the
reproductive success of highly productive breeders, more so than their place, pattern or distance of
grazing of their consumption of supplement. We were seeking the first controlled data on Free
Choice supplements in extensive grazing in Australia and have found no evidence that Free choice
offers advantage over multi-nutrient blocks. We have identified a range of nutritional strategies that
may enhance breeder bone dynamics and will seek to test them independently in coming months.
From reflection on these studies we conclude:

*  Remote monitoring of nutrition related factors in the extensive rangelands should only rely
on the most simple sensory and data storage and communication procedures.

*  Llarge scale long-term trials in the tropics on commercial properties can best be served by
maximising data collection through eartag based sensors, while minimising the number and
complexity of fixed on-ground sensors

+  Cows with a strong record of reproductive performance do not appear to graze in different
regions or graze out different distances from water than less productive cows. Nor do they
differ in the quantity of urea-block they ingest over the dry season.

*  High performing cows do however appear to have a more efficient nitrogen recycling in their
body

+  Offering breeder cows a choice of separate blocks high in urea, sulphur or phosphorus did
not improve the weight change or reduce the total block intake of cows.

*  Cows in this region (Southern gulf sandy forest country) showed a preference for sulphur
over urea blocks but increased sulphur intake was not associated with improved liveweight
change

END



14 List of Appendices:

Appendix 1.

Evaluation of remote monitoring units for estimating body weight and supplement
intake of grazing cattle
Animal (2020), 14:52, pp s332-s340 https://doi.org/10.1017/51751731120000282

Appendix 2.

A Pilot Study Using Accelerometers to Characterise the Licking Behaviour of
Penned Cattle at a Mineral Block Supplement
Animals 2021, 11, 1153. https://doi.org/10.3390/ani11041153

Appendix 3.

Automatic Supplement Weighing Units for Monitoring the Time of Accessing
Mineral Block Supplements by Rangeland Cattle in Northern Queensland, Australia
AgriEngineering 2021, 3, 218-229.
https://doi.org/10.3390/agriengineering3020014

Appendix 4.

References for Vitamin D review

Appendices Follow

Page 86 of 86


https://doi.org/10.3390/ani11041153
https://doi.org/10.3390/agriengineering3020014

Appendix 1

Simanungkalit, G., Hegarty, R.S., Cowley, F.C.
and McPhee, M.J., 2020. Evaluation of remote
monitoring units for estimating body weight and
supplement intake of grazing cattle. Animal, 14,
pp.s332-s340.




Animal (2020), 14:S2, pp $332-s340 © The Animal Consortium 2020
doi:10.1017/S1751731120000282

animal

Evaluation of remote monitoring units for estimating body weight
and supplement intake of grazing cattle

G. Simanungkalit'f @, R. S. Hegarty?, F. C. Cowley*

and M. J. McPheg?

ISchool of Environmental and Rural Science, University of New England, Armidale, New South Wales 2351, Australia; 2NSW Department of Primary Industries, Livestock
Industries Centre, University of New England, Armidale, New South Wales 2351, Australia

(Received 30 June 2019; Accepted 20 September 2019; First published online 3 March 2020)

Automated weighing systems to monitor BW and supplement intake (SI) of individual grazing cattle are being developed to
better understand the seasonal nutrition and performance of grazing livestock. This study established (1) the accuracy and
repeatability of a commercial walk-over weighing (WoW) system for estimating BW and (2) the accuracy of an automatic
supplement weighing (ASW) unit for estimating Sl based on measuring time spent at the unit. The WoW and ASW units
monitored BW and Sl of 112 cattle consisting of 55 cows and 57 calves grazed on a 32.5ha paddock for 41 days, with an
average of 258 BW records collected per day. Static BWs were recorded at each mustering event (n=7) and were compared to
repeated measurements collected by the WoW on the day of each mustering event. Body weight was overestimated by the WoW,
with the predicted BW of calves and cows averaging 10 and 21 kg heavier, respectively, than actual, and root MS prediction
errors (RMSPE) of 5.1% and 5.5% of the static BW, respectively. For both calves and cows, 38% of the MS prediction errors
(MSPE) was mean bias (MB) error and 9% of MSPE was slope hias error. The concordance correlation coefficient (CCC; 0.90 v.
0.80) and modelling efficiency (MEF; 0.78 v. 0.62) of WoW BW for calves were higher than for cows, indicating that the
predicted values were deviating from a 1: 1 relationship and in particular as weight increases. A rolling average across five or
more consecutive BW measures improved the accuracy of the WoW BW estimates. Regarding estimates of Sl, the aggregated
time the herd spent at the ASW unit was strongly associated with total SI (R?=0.92; P <0.001). Further, positive linear
relationships ( P < 0.001) existed between cumulative weighted time spent at the ASW unit (min) and concentration of
fenbendazole (FBZ) used as an intake marker and its derivatives (oxfendazole and oxfendazole sulfone) in the plasma of
individual cows, with R? of 0.54, 0.73 and 0.75, respectively. Although the WoW overestimated static BW, the low bias in the
slope indicated that a linear regression model could be developed to adjust the WoW BW to reduce the MB and improve the
estimate of WoW BW. The significant positive relationship between time spent at the ASW unit and individual blood FBZ
concentration identified the suitability of the ASW unit for estimating Sl by grazing cattle.

Keywords: individual grazing cattle, supplementation, walk-over weighing, automatic supplement weighing, fenbendazole

Implications

Remote monitoring systems to accurately estimate body
weight and supplement intake of cattle will assist the beef
industry improve seasonal nutritional management in
extensive rangelands. The accuracy of walk-over weighing
body weight estimates can be improved by use of a rolling
average, while time spent at automatic supplement weigh-
ing unit offers a means of estimating intake of the lick block
offered.

f E-mail: gamasimanungkalit@ gmail.com

Introduction

Production of grazing cattle is often constrained by the
quality of the available forages (Reuter et al., 2017).
Deficiencies of metabolisable energy, CP and minerals par-
ticularly P, S and Na can restrain the performance of cattle in
grazing systems (McDowell, 1996), and supplements can be
provided to rectify such inadequacies (Wyffels et al., 2018).
However, strategic supplementation in grazing ruminants is
often imprecise due to large variation in intake between
animals (Neave et al., 2018). For this reason, quantifying
supplement intake (SI) of individual cattle may enable
improved feeding programs to optimise individual animal
and herd efficiency.
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Remote monitoring systems are useful in collecting indi-
vidual animal information such as BW with minimal human
interference (Gonzélez et al., 2014). Monitoring changes in
BW of an animal is fundamental for evaluating feed efficiency
and growth response to supplementation (McDowell, 1996;
Brown et al., 2012), but is difficult to accurately measure
under grazing conditions due to variation in gut fill and tissue
accretion or mobilisation (Derner et al., 2016). Conventional
static weighing for grazing cattle is labour intensive, time
consuming (Gonzélez-Garcia et al., 2018) and requires
animals to be kept off-feed before and after weighing
(Wishart et al., 2017). Using walk-over weighing (WoW) in
conjunction with radio frequency identification (RFID) has
facilitated changes in BW to be remotely monitored and
led to ‘RFID-Linked WoW’ (Brown et al., 2014). Until
recently, however, few studies were conducted to evaluate
WoW, causing accuracy of WoW BW measures to remain
uncertain, with a lack of information on repeatability
(Dickinson et al., 2013; Gonzalez-Garcia et al., 2018).

Time spent feeding is a potential explanatory variable to
predict intake and evaluate efficiency (Oliveira et al., 2018).
The use of automated weighing systems to monitor Sl of indi-
vidual cattle grazing under commercial conditions was first
reported by Cockwill et al. (2000) who found a significant
relationship between frequency of daily visits at the
GrowSafe® (GrowSafe® Systems Ltd, Aidrie, Alberta, Canada)
and block SI (P < 0.001). When the delivery of supplements was
controlled as for SmartFeed (C-lock® Inc., Rapid City, South
Dakota, USA) (Reuter et al., 2017), a low correlation
between number of visits at an automated feeder and Sl
of grazing steers was reported (r = 0.59; P < 0.01). These
systems, however, are not readily applied to an extensive
grazing environment with larger herds, thus alternative
methods of estimating Sl are required.

The objectives of this study were to establish (1) the accu-
racy and repeatability of a commercial WoW system for esti-
mating BW and (2) the accuracy of an automatic supplement
weighing (ASW) unit for estimating SI based on measuring
time spent at the unit.

Materials and methods

This experiment was conducted at the University of New
England’s (UNE) Beef Cattle Research Station (Tullimba)
(30°28"22.4"S; 151°11°23.8"E; ~742 m altitude), Torryburn,
NSW, Australia. The experimental procedures and use of ani-
mals were approved by the UNE Animal Ethics Committee
(AEC17-105) in accordance with the ‘Australian Code for
the Care and Use of Animals for Scientific Purposes’.

Animal and grazing management

Atotal of 112 Angus cattle consisting of mature cows (h = 55)
(mean + SD 629 + 50 kg BW) and calves (n = 57, consisting of
55 unweaned and 2 weaned) (mean+ SD 284 + 33kg BW)
aged 6 to 7months old, grazed a sparse, drought-affected
pasture of newly germinated subterranean clover (Trifolium
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subterraneum L.) and senescent grasses in a 32.5-ha paddock
for 41 days in the early autumn. Each animal was fitted with a
unique RFID tag (Allflex® Pty. Ltd, Capalaba, Queensland,
Australia) enclosing a passive transponder recognised by
RFID panel readers. Cattle had ad libitum access to pasture,
silage, lick-block supplement and water. Nutritive value of
pasture and silage was as follows: (1) DM: 946 and 330 g/ kg
(as fed), (2) ME: 5.2 and 8.3 MJ/kg DM, (3) CP: 91 and
62g/kg DM, (4) NDF: 61% and 66%, (5) ADF: 41% and
39%, (6) dry organic matter digestibility: 40% and 52%, (7)
organic matter: 940 and 930 g/kg DM and (8) ash: 60 and
70 glkg DM, respectively.

Lick-block supplements

The molasses lick-block supplement was custom manufac-
tured (Olsson Industries Pty Ltd, Morningside, Queensland,
Australia) containing approximately 1.2% fenbendazole
(C15H13N203S) (FBZ) as an intake marker and was offered
as 40 kg lick-blocks containing 4.7% CP. Block was prepared
to be very soft to allow high consumption and cattle had ad
libitum access to the lick-blocks on the ASW unit.

Remote monitoring units

The WoW (Tru-Test Remote WoW; Tru-Test® by Datamars
Australia Pty Ltd, Banyo, Queensland, Australia) and ASW
units were situated at the only watering point, which was
fenced off in an area of 625 m? in the shape of quadrangle,
where access to water and the ASW was only possible by
traversing the WoW system. The Tru-Test Remote WoW unit
consisted of a 2.5 m weighing platform, two load bars
(MP600, Tru-Test® by Datamars Australia Pty Ltd, Banyo,
Queensland, Australia) containing two load cells linked to
the Tru-Test Remote WoW unit (Tru-Test® by Datamars
Australia Pty Ltd, Banyo, Queensland, Australia). Associated
with this was: a RFID panel reader (XRP2, Tru-Test® by
Datamars Australia Pty Ltd, Banyo, Queensland, Australia),
a 3G modem, a solar panel with a voltage regulator and a
12 V battery with a capacity of 40 Ah. As cattle traversed the
weighing platform, BW was measured by load bars whilethe
RFID number was transcribed by the RFID panel reader. A
proprietary algorithm was used to convert the collective signal
from the load bars into a WoW BW at each pass of an animal,
and this BW was associated with a unique time and date
stamp. Data considered valid according to quality assurance
protocols in the WoW algorithm were then transmitted via
a 3G modem and the data stored in the Tru-Test database
and subsequently in a proprietary UNE database.

The ASW unit was a non-commercial prototype system
manufactured by the UNE Science Engineering Workshop.
The unit consisted of a supplement delivery platform(1.2
m wide x 1.2 m length) mounted on two load bars (Kelba®
Pty Ltd, Hornsby, New South Wales, Australia), con-nected
to a weight indicator (R320; Rinstrum® Pty Ltd, Brishane,
Queensland, Australia) suspended approximately 60 cm
above the platform where four aerials joined to afour-channel
multiplexer (Forty Trout Electronic® Pty Ltd, Melbourne,
Victoria, Australia) that would read in sequence
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at 0.6 s intervals when an RFID tag was in range. In calculating
time at the ASW unit, it was assumed that each detection of
an animal’s RFID tag was associated with its presence at the
ASW unit for 0.6 s. The unit was equipped with a single-board
computer (Raspberry Pi; RS Components® Pty Ltd, Hornsby,
New South Wales, Australia), 3G WiFi modem and a solar
panel with a voltage regulator supporting an on-board 12 V
battery. A maximum distance of 50 cm was suitable for the
four-channel multiplexer to energise the passive transponder
and hence identify the RFID number. The weight of lick-block
supplements on the platform and record of RFIDs detected
was transferred from the weight indicator to the Raspberry
Pi using DBOM RS-232 converter. Using the 3G WiFi connec-
tion, the data were further transmitted daily at 2400 h to the
UNE central database for analysis.

Experimental design

There were two complementary experiments conducted from
22 February 2018 (day 1) to 3 April 2018 (day 41). The static
scale, WoW and ASW units were calibrated using ISO accred-
ited weights (YL0124; Wedderburn, Cardiff, New South
Wales, Australia) on days 14, 20, 26, 29, 33, 36 and 41 (days of
mustering events).

Experiment 1. This experiment consisted of two assessments
that evaluated the agreement between BW measurements
recorded using the automated WoW system and static BW
recorded on days of mustering events. Assessment one evalu-
ated the accuracy of WoW and assessment two evaluated the
repeatability of WoW. In assessment one, real-time WoW BW
data were continuously collected from day 11 to 41, while
static BW was measured only on days of mustering events,
commencing at 0900 h. Static BW data were obtained by
drafting the cattle individually onto a suspended electronic
weigh-crate (W610 v2, 2 kg resolution, Gallagher® Pty Ltd,
Melville, Hamilton, New Zealand), with calibration of the
scale undertaken on the day of each mustering event.
Each static BW was compared with multiple WoW BW for the
same animal on any given day of a mustering event.

In assessment two, 10 cattle were randomly selected for
evaluating short-term repeatability of the static scale v. WoW
estimates by measuring BW of each animal 10 times by both
weighing systems within 90 min.

Experiment 2. Real-time data of daily supplement weight on
the ASW unit and time cattle spent at the ASW unit were col-
lected from day 1 to 41. Time spent by individual cattle at the
ASW unit (min) over a 24-h period (0000 to 2400 h) was esti-
mated as the product of the number of times the RFID was
detected multiplied by 0.6 s, being the time between the
repeated energising of any one aerial on the ASW unit.
Time spent at the ASW unit (min) for the whole herd was cal-
culated as the sum of total RFID detections on that day times
0.6 s and divided by 60 while daily SI of whole herd (g) was
calculated from total daily supplement disappearance (0000
to 2400 h). The whole herd calculation was used as more than
one animal could approach the ASW unit concurrently.
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Blood samples were collected from the coccygeal vein on
days of mustering events only. To validate individual SI esti-
mates by the ASW unit, individual plasma FBZ concentrations
were compared with cumulative weighted time that individ-
ual cattle spent at the ASW unit.

Blood collection, marker analysis and lick-block
supplement intake estimation

Approximately 5 ml of blood was collected from all cattle via
the coccygeal vein using EDTA vacutainers (BD vacutainers;
Multipoint Technologies® Pty Ltd, Balwyn, Victoria, Australia)
on each day of mustering events commencing at 0900 h on
day 20, 26, 29, 33, 36 and 41. The blood samples were then
centrifuged using SkyLine CM-6MT Swing Rotor Centrifuge
(ELMI®Ltd, Vidzeme, Riga, Latvia) at 2300xg for 10 min. The
plasma supernatant was pipetted off and stored at
-80°C until analysis.

Blood plasma FBZ and its metabolites [oxfendazole
(C1sH13NsO3S) (OFZ) and oxfendazole sulfone (C1sH13N304S)
(OFS)] were quantified using HPLC on Dionex UltiMate
3000 (ThermoFisher Scientific® Inc., North Ryde, New South
Wales, Australia). Sixty-six plasma supernatant samples of
the cows that were most frequently recorded by the ASW unit
were selected for this analysis to determine the amount of FBZ
being ingested. Thawed plasma (700 pl) was transferred into a
1 ml microfuge tube with 300-ul of HPLC grade acetonitrile.
The solution was vortexed for 30 s, and then incubated over-
night at 4°C. In the morning, samples were moved from the
fridge and stood at room temperature for 30 min prior to the
first centrifugation using Microfuge® 16 Centrifuge
(Beckman Coulter®, Brea, California, USA) at 16 163xg for
15 min. After 15 min at room temperature, samples were re-
centrifuged at 16 163xg for a further 15 min. Following this,
plasma supernatants were filtered through a 0.22-ul RC filter
into a 300-pl chromatography vial before injection onto an
in-line solid phase extraction (SPE; Agilent Guard Column
Hardware Kit P/N 820999-90, and cartridge P/N 5982-1277),
allowing matrix components such as salts sugars and amino
acids to be washed off in buffer (10 mM (NH4)2HPOs). The SPE
cartridge was then placed in-line with an analytical column(C18
5um 4.6 x 250), and analytes were separated by reverse phase
HPLC and detected by absorption at 298 nm using a flow rate of
1 ml/min and a temperature of 45°C. Elution was achieved
using 20% to 70% buffer and 80% to 30% acetoni-trile over
13 min. Quantitation was based on absorption of external
FBZ, OFZ and OFS standards.

In order to estimate precision of the ASW unit in estimat-
ing lick-block SI, both whole-herd and individual animal
approaches were used. For the whole herd validation, the
Im’ function of the R statistical package (R Core Team,
2019) was employed to generate a linear regression model
described as follows:
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where f(x)i is the combined daily Sl of all cattle present, being
the whole herd (g), xi is the total time spent at the ASW unit



by the whole herds (min) and € is the random error and i = 1
to 41 days of observation.

To test whether time spent at the ASW unit (min) was
also an accurate estimator of Sl for individual animals, the
concentration of FBZ and its metabolites in cattle plasma col-
lected on static weigh days was compared with cumulative
weighed time spent at the ASW unit over the preceding
8 days. Since the blood was only collected on the 6 days
of mustering events, plasma FBZ and metabolite concentra-
tions in each sample reflect the cumulative ingestion and
metabolism of FBZ intake from previous days prior to the
hlnnd samnlina. with each dav havinn a different contribii-

tion to the total of blood FBZ on the day of sampling.
Because FBZ is slowly metabolised in the body, the degrada-
tion rate of FBZ had to be allowed for. The pharmacokinetic
model of Sanyal (1993) for FBZ was used to compute day-to-
day adjustment of lick-block Sl to blood FBZ level. Plasma FBZ
level and time of blood collection in Sanyal’s data were used
to generate the following formula using WinSAAM v3.3.0.

foxp ¥4 1:13e~0:46x — 1:27e~0:72x

where f(x) is predicted blood FBZ and x is day of FBZ intake
prior to blood sampling. From this equation, the proportion of
FBZ contributed to the accumulative blood FBZ from days 1 to
8 before the blood collection is 14%, 22%, 20%, 16%, 11%,
8%, 5% and 4%, respectively. These percentages were then
used as weighting factors, which were multiplied by time
spent at the ASW unit on days 1 to 8 before each sampling,
to provide a weighted time at block over the preceding 8
days, which could be related to the measured concentration
of plasma FBZ and its metabolites on each day of mustering
events. Only 52 cows had plasma FBZ, OFZ, OFS and
OFZ®FS concentrations within range of those used in defin- ing
the FBZ metabolism curve of Sanyal (1993), so only these data
were used for validation of individual animal SI.

Data overview

Experiment 1. The WoW continuously monitored 55 cows
and 57 calves for 31 days, with an average of 258 BW records
per day, but one observed day was removed (data capture
failure; day 16). Descriptive statistics of static and WoW
BW over 7 days of mustering event and are shown in Table
1. Body weights without a corresponding RFID (n = 3)were
omitted from the analysis.

For the short-term repeatability analysis of both weigh- ing
methods, there were 90 pairs of data derived from con-
secutive measurements of BW by static and WoW made on
9 cattle within 90 min, with 10 replicates per individual. One
animal was removed due to failure of RFID tag tobe
detected by the WoW. Descriptive statistics for the
repeatability data of static and WoW BW are described
in Table 2.

Experiment 2. Data collection from the ASW unit was
conducted over 41 days, but three unobserved days (data
capture failure; days 16 to 18) were removed from the main

Remote monitoring evaluation in grazing cattle

Table 1 Summary statistics of static and walk-over weighing (WoW)
BW of cattle

Body weight of cattle
Static BW (kg) WoW BW (kg)
Calves Cows Total Calves Cows Total

nt 392 371 763 541 960 1501
Minimum 206 502 206 216 507 216
Maximum 366 782 782 423 818 818
Mean 2985 623.8 456.7 3119 6442 524.4
50.13 168.14 35.85 53.50 166.64

The number of BW recordings across 109 cattle over 7 days of static BW
measurement.

dataset. Descriptive statistics for the number of cattle
visiting the ASW unit, time spent at the ASW unit and total
lick-block SI data on 112 cattle over 38 days are shown in Table
3.

Statistical analysis

The WoW BW dataset was split into two groups to provide
discrete groups of light (calves) and heavy weight animals
(cows), as no animals of intermediate weight were present.
The single static BW for each animal was compared over the
multiple WoW BW within a 24-h period of the static measure
being made. Accuracy and precision of BW as estimated by
WoW was evaluated with mean bias (MB), MS prediction
error (MSPE), concordance correlation coefficient (CCC)and
modelling efficiency (MEF) (Tedeschi, 2006). The MSPE was
calculated as follows:

MSPE % 1=n dP; - Oip?

Vsl

where n is the number of observations, P; is the predicted
(WoW) BW and O; is the observed (static) BW. Analyses
were customised in the R environment (R Core Team,
2019). The MSPE was further decomposed into MB, slope
hias and random bias; expressed as errors in central tendency,
errors due to regression and errors due to disturbances,
respectively, that sum to the MSPE (Bibby and Toutenburg,
1977).

Short-term repeatability of static scale v. WoW was
assessed by the intra-class correlation coefficient (ICC) that
quantifies the proportion of total between- (o cattle) and
within-cattle variance (o%error ) explained by o? cattle
(Pszczola et al., 2018). The ICC is formulated as follows and
was statistically computed using R software (R Core Team,
2019).

<J?

ICCVYssp cattley
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where o?cattle is the proportion of between-animal variance
and g?error is the total between- and within-animal variance.
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Table 2 Summary statistics for repeated measures of static and walk-over weighing (WoW) BW across nine individual cattle

BW of individual cattle (kg)

1 2 3 4 5 6 7 8 9
nt 10 10 10 10 10 10 10 10 10
Static
Minimum 352 340 322 274 568 666 512 582 522
Maximum 358 348 326 278 574 678 516 590 532
Mean 355.8 344.8 323.2 275.4 571.4 671.8 514.6 585.4 526.2
SD 1.99 2.15 1.69 1.35 2.12 3.94 1.65 2.50 3.19
WoW
Minimum 355 331 324 280 595 686 518 586 522
Maximum 423 366 352 299 642 752 572 662 603
Mean 386.7 357.9 343.0 289.4 620.9 708.0 545.0 623.9 553.5
SD 19.98 10.76 9.51 5.17 12.46 18.41 14.34 28.97 27.51

The number of static BW and WoW BW measurement pairs across nine cattle for repeatability test.

Table 3 Total time spent at the automatic supplement weighing (ASW) unit (min/day) and lick-block supplement intake (SI)
(g/day) by calves and cows over 38 days of observation

Number of cattle Time spent at the ASW unit

(heads/day) (min/day)
Calf Cow Total Calf Cow Total Total lick-block SI (g/day)
Minimum 3 6 9 0.22 4,57 7.16 1150
Maximum 40 55 86 39.14 219.57 250.78 94 750
Mean 20 37 57 15.02 73.97 88.99 37531
SD 11 14 22 11.53 69.45 76.76 28 836

Results

Accuracy of walk-over weighing

The goodness-of-fit evaluation of WoW in estimating BW of
cattle is summarised in Table 4. On average, BW of cattle esti-
mated by WoW was consistently higher than that by the
static scale. The WoW system over-predicted BW of calves
and cows by 3.2% and 3.4%, respectively. Although the root
MSPE (RMSPE) of the calf model was slightly lower than of
the cow model (5.1% v. 5.5%), the majority of prediction
error (%MSPE) was random, with MB (%MSPE) and slope
bias (%MSPE) were similar for both models. The CCC
and MEF found in the calf model were higher than that found
in cow model. A plot of static v. WoW BW of calves and of
cows is depicted in Figure 1. It is apparent that deviation of
the regression (fitted) line from the line of unity (1 : 1 line) in
the cow model is greater than in the calf model.

Short-Term repeatability of walk-over weighing

Repeatability of static scale and WoW is illustrated in
Figure 2. The ICC of static scale was consistently higher
(>0.99) than that of WoW and remained constant irrespec-
tive of the number of measures used from 2 to 10. On the
other hand, the ICC of WoW improved (>0.95) in a curvilinear
manner in concert with an increase in number of consecutive
BW measures from 2 to 10. There was a steep increase from
0.953 to 0.970 when repeated measurements of WoW BW

was incrementally changed from 2 to 3 repeats. This trend
was persistent up to 5 repeats (0.978), reaching the maxi-
mum value at 10 repeats (0.986).

Relationships between whole herd time at the ASW unit
and lick-block supplement intake

Over 38 days of observation, cows visited the ASW unit more
frequently than did calves in keeping with greater time spent
at the ASW unit by cows (Table 3). Although between-day
variation in number of calves visiting the ASW unit was
higher than for cows (CV = 55% v. 38%), between-day varia-
tion of time spent at the ASW unit by calves was lower than
for cows (CV = 77% v. 94%). Correspondingly, total daily Sl
by all cattle was highly variable (CV = 77%), with individual
Sl ranging from 128 to 1102 g/day, averaged at 658.4 g/day
(CV = 199%). A significant relationship between S| by the
whole herd [f(x)] (g) and total time spent at the ASW unit
by the whole herd (x) (min) on a daily basis (P < 0.001) is
described in Figure 3.

Relationship between time spent at the automatic
supplement weighing and plasma fenbendazole of
individuals

Overall, concentration of blood FBZ as an intake marker of
the 52 cattle was lower (3.3 1072+2.4 1072 ug/ml) than
its metabolites (OFZ and OFS) (4.7 102+3.2 107 and
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Table 4 Evaluation of static (observed) BW compared with walk-over
weighing (WoW) (predicted) BW over 7 days of mustering events forcalves
and cows

Cattle

Calves Cows

nt 541 960
Mean (Static; Observed) (kg) 302.27 622.95
Mean (WoW; Predicted) (kg) 311.86 644.19
Mean Bias (kg) -9.58 -21.24
RMSPE (kg) 15.56 34.31
Mean Bias (%MSPE) 37.96 38.32
Slope Bias (%MSPE) 8.84 9.36
Random Bias (%MSPE) 53.20 52.32
CccC 0.90 0.80
MEF 0.78 0.52

RMSPE = root MS prediction errors; MSPE = MS prediction error; CCC =
concordance correlation coefficient; MEF = modelling efficiency.

Y5 the number of WoW records across 109 cattle over 7 days of mustering
events.

5.7 1072 + 3.9 1072 pg/ml). These values were expected to
represent the amount of block supplements being ingested
by individual animals. Between-animal variation for
weighted time at the ASW unit was slightly lower than for
between-day variation, but both were high (CV = 92% v.
94%). There was a positive linear relationship between
cumulative weighted time spent at the ASW unit and eachof
FBZ, OFZ and OFS concentrations (P <0.001), with R? of
0.54, 0.73, 0.75, respectively, (Figure 4). The relationship
with the highest R? (0.81) was between weighted time spent
at the ASW unit and total FBZ metabolites.

Discussion

Walk-over weighing estimates of body weight

Remotely obtaining WoW BW estimates and matching these
with automated drafting systems to prepare lines of cattle of
uniform BW would greatly improve the convenience, labour

—
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demands and precision of livestock management in the
extensive rangelands. For these technologies to be adopted
by graziers, confidence in the accuracy of the WoW BW esti-
mates is required. The findings of this study demonstrated
that BW could be remotely monitored using WoW with suf-
ficient accuracy for commercial use. This model still needs to be
validated in long-term studies using larger herds in exten-sive
grazing systems. The drought conditions also affected BW
variation that might cause inconsistent WoW records.

The MB of the WoW BW for calves and for cows was lower
than the <5% of the observed dairy cow BW reported by
Dickinson et al. (2013). Greater BW variation (364 to
696 kg) in that experiment may account for some of this dif-
ference. By having an RMSPE of <10% of the static
(observed) BW, the predicted BW of both cows and calves
by WoW is satisfactory under the definition of Fuentes-Pila
et al. (1996). More than half of the MSPE was random error
(>50%; Table 4), being further evidence that WoW is suffi-
cient to effectively predict static BW of the cattle (Taylor et al.,
2018). The 38% of MB (%MSPE) effect represents the gap
between predicted and observed value. Based on this parti-
tioning of error, developing a linear model of static v. WoW
estimates could be feasible for minimising bias and improv-
ing accuracy.

The greater mean BW of cows compared to calves is
principally responsible for the lower value of CCC and MEF
(see Table 4). This is apparent in Figure 1, which illustrated that
the cow model with lower CCC and MEF value had a greater
deviation of fitted line from the 1: 1 line than that did the calf
model. According to the CCC classification of Gonzélez-Garcia
et al. (2018), the CCC found in this study was moderate for
calves but low for cows. Tedeschi (2006) and Fonseca et al.
(2017) suggested a CCC > 0.8 and a positive value of MEF could
be considered evidence of an accurate and acceptableBW
prediction. The differences between CCC and MEF values are
indicative of the way they are calculated. The CCC is similarto a
correlation and is based around the sums of squares of a
regression model alternatively; the MEF is a measure of the
deviance between the observed and predicted values. Lack
of agreement between static BW and WoW BW might be in
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Figure 1 Relationship between static (observed) BW (kg) and walk-over weighing (WoW) (predicted) BW (kg) for (a) calves and (b) cows. Solid line represents
the 1:1 line. Dashed line represents the regression (fitted) line and illustrates the trend.
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o represents the WoW.

1e+05

f(x) = 387.95x

2_ . -
8o+04 -|  R’=0.93; RMSE = 12940 g ©

6e+04

4e+04 —

2e+04

Lick-block supplement intake (g)

Oe+00 —

| T I I T 1
0 50 100 150 200 250

Time spent at the ASW (min)

Figure 3 Relationship between lick-block supplement intake (SI) (g) and
time spent at the automatic supplement weighing (ASW) unit (min) by
the whole cattle herd for each of the 38 days within the experiment.
Regression line shows trend.

part attributed to animal misbehaviour while traversing over
the WoW platform (Dickinson et al., 2013). Hence, filtering
data is necessary to enhance agreement between WoW and
static BW (Brown et al., 2012; Gonzalez-Garcia et al.,
2018). In this experiment, some data filtering with the Tru-
Test WoW system had occurred prior to data transmission from
the WoW unit. All individual transmitted WoW BW data were
used in these evaluations.

The repeatability assessment of static scale and WoW con-
ducted within 90 min (Figure 2) demonstrated an increased
precision reflected in the higher ICC and reduced variance of
WoW BW estimates when a greater number of consecutive
measures were considered. This suggests that use of a rolling
average of at least 5 WoW BW estimates would be
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Figure 4 Relationships between blood plasma fenbendazole (FBZ) (dashed line
with ¢ points), oxfendazole (OFZ) (dotted line with + points), oxfen-
dazole sulfone (OFS) (dot-dashed line with  points), and OFZ OFS (solid line
with © points) and weighted time spentfat the automatic jsupplement
weighing (ASW) unit by cattle. Regression lines show trend.

advantageous in describing weight of cattle for graziers.
The repeatability of WoW BW in our study was substantially
higher than in an experiment in sheep by Brown et al. (2014)
who reported <0.22 repeatability of ‘RFID-Linked WoW'’. This
stemmed from inconsistent motion and number of sheep
standing on the weighing platform and the longer interval
(24-h) between comparative static measures in Brown et al.
(2014). Individual BW variation can encompass gastrointes-
tinal fill (10% to 22%), air temperature (Derner et al., 2016)
and time of weighing (Wishart et al., 2017), but these would
have little role in our experiment one (assessment one),
where cattle were completely weighed with traversing over
the WoW within 90 min.

Automatic supplement weighing as a means to predict
supplement intake
The success of strategic supplementation is highly contingent
upon each individual animal consuming approximately the
targeted amount, and high between-animal variations will
lead to inefficient use of supplements (Neave et al., 2018;
Wyffels et al., 2018). Drought conditions during the experi-
ment resulted in higher SI than would be typical in an
environment where pasture was less limited. Thus, the distri-
bution of Sl values tested in this experiment may have
affected the fit of the model to lower SI. A significant relation-
ship between total time spent by the whole herd at the ASW
unit and total SI with a very high R? (0.93) verified the fea-
sibility of using the ASW unit to quantify SI based on time
spent at the ASW unit and suggests most of the time
spent by cattle when visiting the ASW unit was to lick
the block supplements. As highlighted by Oliveira et al.
(2018), some animals might also perform explorative behav-
iour at the automatic feed delivery site before starting to eat.
In our experiment, this explorative time would have been
included within the measures of time spent at the ASW unit,



which could have contributed to deviation in the relationship
between times spent at the ASW unit and total lick-block
disappearance. Hence, the use of additional or alternative
devices such as a camera or other sensors may be advanta-
geous to identify jaw movement associated with licking or
eating supplements.

In this commercial environment, a large RMSE identified
substantial between-day variation of total time spent at the
ASW unit and this may well have resulted from the sporadic
feeding of round bale silage as a roughage source elsewhere
in the paddock. Social and individual behaviours may have
also affected access to the ASW unit differentially, depending on
the animals present at a given time. A previous study
showed that cows consumed 200 g more supplements daily than
did calves when they were in mixed grazing (Earley etal., 1999).
Social interaction and dominance may have been
responsible for less supplement being ingested by calves in
a mixed-age herd (Sowell et al., 2003). Contrastingly, social
learning can also increase intake of novel feedstuffs by calves
offered novel feeds at the time of weaning in the presence of
an experienced animal (Dixon et al., 2001).

Association between time at block and blood concentra-
tions of FBZ and its metabolites in cows after consuming lick-
block containing FBZ provided further evidence that time
spent at the ASW unit is an indicator of lick-block SI. This
is in line with Fishpool et al. (2012) who reported that
OFZOFS in the blood had a significant relationship with
block intake containing FBZ (P <0.001; R? = 0.95). The level
of FBZ in the blood plasma was the lowest, followed by OFZ
and OFS, with the bioconversion of FBZ into OFZ and OFS
occurring in the liver before being released into the blood-
stream (Lanusse et al., 2018). Since the concentrations of
the derivatives OF§30FZ together had the strongest rela-
tionship, it may be that these compounds rather than FBZ
should be used as intake markers in subsequent supplement
consumption studies.

Conclusion

While the current commercial algorithm in the WoW overesti-
mated static BW of cattle, there was little bias in the slope
indicating that a linear regression model could be developed
to adjust the WoW BW to reduce the MB and improve the
estimate accuracy of WoW BW. Precision of WoW could also
be improved by averaging five or more consecutive repeated
measures, but further study is necessary to identify the num-
ber of measures required in grazing condition for minimising
error of BW prediction. Total time spent at the ASW unit by
cattle as well as individual blood FBZ data confirmed that the
remote monitoring of time spent at the ASW unit can serve as
a useful means to estimate Sl by grazing cattle, both as indi-
viduals and as a herd.
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Simple Summary: Quantifying mineral block supplement intake by individual beef cattle is a
challenging task but may enable improved efficiency of supplement use particularly in a grazed
system. Estimating time spent licking when cattle access the mineral block supplement can be useful
for predicting intake on an individual basis. The advancement of sensor technology has facilitated
collection of individual data associated with ingestive behaviours such as feeding and licking
duration. This experiment was intended to investigate the effectiveness of wearable tri- axial
accelerometers fitted on both neck-collar and ear-tag to identify the licking behaviour of beef cattle
by distinguishing it from eating, standing and lying behaviours. The capability of tri-axial
accelerometers to classify licking behaviour in beef cattle revealed in this study would offer the
possibility of measuring time spent licking and further developing a practical method of estimating
mineral block supplement intake by individual grazing cattle.

Abstract: ldentifying the licking behaviour in beef cattle may provide a means to measure time
spent licking for estimating individual block supplement intake. This study aimed to determine
the effectiveness of tri-axial accelerometers deployed in a neck-collar and an ear-tag, to characterise
the licking behaviour of beef cattle in individual pens. Four, 2-year-old Angus steers weighing 368
#+ 9.3 kg (mean == SD) were used in a 14-day study. Four machine learning (ML) algorithms
(decision trees [DT], random forest [RF], support vector machine [SVM] and k-nearest neighbour
[KNNT]) were employed to develop behaviour classification models using three different ethograms:
(2) licking vs. eating vs. standing vs. lying; (2) licking vs. eating vs. inactive; and (3) licking vs. non-
licking. Activities were video-recorded from 1000 to 1600 h daily when access to supplement was
provided. The RF algorithm exhibited a superior performance in all ethograms across the two
deployment modes with an overall accuracy ranging from 88% to 98%. The neck-collar accelerometers
had a better performance than the ear-tag accelerometers across all ethograms with sensitivity and
positive predictive value (PPV) ranging from 95% to 99% and 91% to 96%, respectively. Overall,
the tri-axial accelerometer was capable of identifying licking behaviour of beef cattle in a controlled
environment. Further research is required to test the model under actual grazing conditions.

Keywords: accelerometer; beef cattle; behaviour; licking; mineral block supplements

1. Introduction

The quantification of mineral block supplement intake by individual cattle will be
valuable for improving efficiency of supplement use in grazing systems [1]. Exploiting
automatic feeders such as GrowSafe® [2] or SmartFeed® [3] and incorporating chemical
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markers, such as lithium salts [4] or fenbendazole [5] into the mineral block supplements
are common techniques used for estimating consumption by individual cattle. However,
their use over a long period in a larger herd is considered impractical and technically
prohibitive since not every animal has the chance to access to the feeder bin effectively [3]
and the necessity for extensive laboratory analysis of the marker [5]. Hence, advancement
of simpler more immediate methods of estimating supplement intake are required to
assist managers in decision-making in order to improve efficiency of beef cattle production
systems.

Wireless technology using animal-borne sensors allows individual animals to be
physically monitored in real-time without interfering in their natural behaviour [6,7]. Tri-
axial accelerometers have been routinely deployed to automatically record and clas- sify
behaviours of domesticated animals based on the acceleration movements over the three
perpendicular axes [8-11]. Recent investigations have reported that tri-axial ac-
celerometers were capable of categorising oral and intake behaviours of ruminants such as
suckling [12], ruminating, eating [13], grazing [14], chewing, biting [11], and drinking [15].
Apart from reducing observation time, the capability of accelerometers to discriminate
feeding behaviours indicates the potential for developing algorithms to accurately predict
feed intake [16]. Greenwood et al. [17] formulated a simple algorithm to predict pasture
intake by individual cattle using accelerometers and Williams et al. [15] reported that
accelerometers could be used to predict water intake of grazing cattle based on prediction
of visiting frequency and duration per visit to the water trough.

Tri-axial accelerometers have often been affixed to the body parts of beef cattle mainly
on the ear (ear-tag) [18], neck (collar) [15] and muzzle (halter) [12]. Several machine
learning (ML) algorithms have also been applied to analyse the accelerometer data for
developing behaviour classification models in cattle such as decision tree [9,13,19], random
forest [20,21], kernel support vector machine [22,23], discriminant analysis, and k-nearest
neighbours [23,24]. These algorithms generated diverse performances of the models
depending mainly on the types of behaviour and sensor placement modes [ 24,25]. By using
neck collar-based accelerometers, Williams et al. [26] succeeded in differentiating
drinking from standing (100% accuracy) and walking (92% accuracy) events. However,
Kour et al. [12] reported that fitting the accelerometer on a neck-collar was ineffective
for classifying suckling behaviour in beef calves. Wolfger et al. [18] found that the ear-
tag based accelerometers were able to classify feeding behaviour of lot-fed cattle along
with ruminating, active, and resting behaviours with 95% sensitivity and 98% negative
predictive value.

Providing supplemental feeds for range cattle in the form of lick-block or loose-lick
minerals containing urea during the dry season or phosphorus during the wet season is
fundamental to successful cattle breeding in the tropical area of northern Australia [27,28].
The effectiveness of strategic supplementation is contingent upon the ability to decrease
between- and within-animal (across days) intake variation [1]. Because grazing cattle
mostly ingest such supplements through licking [29], identifying and monitoring this
behaviour would be useful to determine whether or not individual animals can meet a
targeted consumption, or to place an upper limit on access to a supplement. Simanungkalit
etal. [5] has previously shown that time spent at mineral blocks measured by an automatic
supplement weighing unit was proportional to block intake on a herd basis. However, high
deviation obtained from their linear association was found because of exploratory time
before licking. Hence, identifying whether or not the animal is licking while visiting the
block supplements is pivotal for improved accuracy of intake prediction. The capability of
tri-axial accelerometers to classify behaviour in cattle may offer potential to quantify
licking events and time spent licking for the prediction of mineral block supplement intake
by individual cattle.

To the best of the authors’ knowledge, no studies have been reported to differentiate
licking from other behaviours using tri-axial accelerometers in beef cattle. Hence, this pilot
study aimed to determine the effectiveness of tri-axial accelerometers deployed on a neck
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collar and an ear-tag to characterise the licking behaviour of individually penned beef
cattle at a mineral block supplement by distinguishing between licking and other observed
(eating, standing, and lying) behaviours. To assess the performance of each deployment
mode, four ML algorithms were used to develop behaviour classification models using
three different sets of ethograms.

2. Materials and Methods
2.1. Animals and Experimental Site

Research protocols and use of animals were approved by University of New England
(UNE) Animal Ethics Committee (AEC19-041) in accordance with the Australian Code for
the Care and Use of Animals for Scientific Purposes. The experiment was conducted at
UNE, Armidale, NSW, Australia (30°29/02.3” S, 151°3818.5 E). Four Angus steers aged 2
years with an average body weight ( SB¥ of 368 ( 9.3 kg) were subjects for this study.All
steers had been retained and grazed together for six months before the experiment.

2.2. Instrumentation

Ear-tags and neck-collars equipped with tri-axial accelerometers (AX3 3-Axis Logging
Accelerometer, Axivity Ltd., Newcastle Helix, Newcastle, UK) were fitted to all four animals.
The ear-tag was attached to the ventral side of the offside left ear and the neck-collar was
placed around the neck with the accelerometer mounted on the base of the collar under the
lower jaw (Figure 1). Each accelerometer weighed 11 g and has dimensions of 32.5 mm
(length) 28 mm (width) 7.6 mm (height). The sensors were configured at a samplingrate
of 25 Hz (25 records per second) and time-synchronised to a computer clock basedon
Australian Eastern Daylight Time (AEDT). The expected battery life at this settingwas
approximately 35 days. Cattle movement was captured through static and dynamic
accelerations (gravity; g) recorded over the three perpendicular axes of X (vertical; dorso-
ventral), Y (horizontal; medio-lateral) and Z (longitudinal; anterior-posterior) (Figure 1).
The accelerometer data was temporarily stored on a 512 MB non-volatile flash memory
within the sensor in a .cwa file format. At the end of the study, both ear-tags and neck-
collars were removed and the accelerometer data were downloaded and converted to a .csv
file format using the proprietary software (OmGUI version 1.0.0.43, Axivity Ltd., Newcastle
Helix, Newcastle, UK).

Figure 1. Orientation of the tri-axial accelerometers when attached to both the ear and the neck. Both
deployments had the same axis orientation.

2.3. Experimental Procedures and Observations

This study was conducted over 14 days. The first seven days involved a habituation
period then followed by a seven-day experimental period. All cattle were situated in
individual rectangular pens with a dimension of 4 m (length) x 2 m (width) x 2 m (height)
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within an animal house (Figure 2), and were offered oaten chaff in buckets and water in
automatic water bowls, ad libitum. The automated drinking bowls were approximately
75 cm above the floor on the left-hand side of the pens. Four commercial mineral block
supplements (22 cm length 22 cm width 25 cm height) weighing approximately 16
kg, consisting of 7% urea and 10% molasses (Peak 50; Olsson’s Pacific Salt®, Yennora,
NSW, Australia), were strapped to a metal frame (22.5 cm lengthc 22.5 cm width 5 cm
height) attached to the right-hand side of the pen’s panels and placed on the concrete floor
alongside individual cattle.

Water Bowl

Feed Bucket

Mineral Block

Figure 2. The layout of the individual pen where each animal was confined during the experimental
period with a mineral block supplement restrictively provided.

After the seven-day habituation period, behaviours of the cattle were video-recorded
for six hours daily (1000-1600 h) for seven days when access to mineral block supplements
was provided. Video recordings were taken using four smartphone cameras [J5 Pro SM-
J530Y (Samsung Engineering Co. Ltd., Gangdong-gu, Seoul, Korea), A9 (HTC Corp.,
Xindian, Taiwan, China), G6 Play (Motorola Inc., Chicago, IL, USA) and A5s (OPPO Mobile
Telecommunications Corp., Ltd., Dongguan, Guangdong, China)]. The smartphones were
placed on tripods and positioned 75 cm above the floor in front of the block supplements
outside the pens. Video resolution for all phones was set at 1080 p (1920>1080 pixels)
quality. Each smartphone was equipped with a 32 GB microSD card (SanDisk®, Milpitas,
CA, USA) for video file storage. Timestamp Camera Free Application [30] was installed
on the smartphones so that clock times on the display were automatically synchronised to
AEDT Zone. Video files stored on the micro SD cards were then transferred daily onto a
remote computer.

2.4. Video Analysis and Behaviour Classification

Each video file was observed and annotated using Sheep Movement Classification
Interface software (version 1.1., UNE Precision Agriculture Research Group, Armidale,
NSW, Australia) to generate annotated daily files for each steer in a .csv file format. Discrete
events of individual behaviours were annotated to reflect the mutually exclusive behaviours of
licking, eating, standing and lying (Table 1). The software time-stamped the beginningand
the end of each event over a particular time regardless the type animals [6,10,31]. Eachevent
was processed only if the cattle performed an observed behaviour for a minimum duration
of 10 s to avoid multiple events merged in one epoch. To classify licking, all observed
behaviours were partitioned into three groups of ethograms as follows:

1. Licking vs. eating vs. standing vs. lying.
2. Licking vs. eating vs. inactive (standing + lying).
3. Licking vs. non-licking (eating + standing + lying).
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Table 1. Behaviours description of individually confined cattle for ethogram classification.

Behaviour Description

Minor limb movement in static standing position with head down approaching the

Licking mineral block supplement and the tongue presenting to the block surface.

Stationary with minor limb movements, head lowered approaching feeding bucket

Eating and biting the chaff or head raised with jaw movement (chewing or ruminating).

Standing  Standing stationary with head raised devoid of jaw movements.

Recumbent on the sternum or side with minor head movements and one side of the

Lying trunk was placed on the ground.

2.5. Processing of Raw Accelerometer Data

Accelerometer data were collected continuously for seven days and processed using
the R statistics environment [32]. The average size of the .csv files ( SD¥ generated by each
accelerometer throughout the study was 718 17.5#MB. To facilitate analysis, thesefiles
were trimmed and extracted into separate files based on daily observational time (1000—
1600 h) using the “lubridate” package [33]. Subsets of the accelerometer data werethen
annotated with corresponding behaviours. Time between accelerometers and clocks
stamped on the video files had been automatically synchronised according to AEDT zone.
All annotated files were then merged using the “dplyr” package [34] to create a new file for
each deployed accelerometer.

2.6. Calculation of the Feature Relative Importance

The two datasets that contained X-, Y-, and Z-axes values and behaviour annotations
were further discretised into a 10 s-time interval or windows size (epoch). Thus, there were
250 records required to create one row (or feature value) in each new dataset [11]. The 10-
s time interval was chosen according to Gonzalez et al. [35] who indicated that intervals
longer than 10 s deteriorated the performance of behavioural classification model. Twenty
movement features for each annotated behaviour were calculated, which includedminimum
(MINx v z), maximum (MAXxy z), average (AVGx v z), and standard deviation(SDx v z)
values of X-, Y-, and Z-axis, magnitude (MAG), movement variation (MVA), signal
magnitude area (SMA), entropy (ENT), energy (ENG), pitch (PIT), roll (ROL) and
inclination (INC). Mathematical formulas for these features are shown in Table 2 [6,8,11].

Table 2. Movement features calculated from tri-axial accelerometer X-, Y- and Z- axis values for each

epoch.
Feature ( Equation
Magnitude % nz x2_+y2_+ zzi (i)
G- =l n-1
Movement Variation é _Z LX)+ ZA/ LY I/(i) + _zl/z 1 — 2z i)
- =
C,
Signal Magnitude Area C % Z A(iy/+ z/y(|)/+ Z/Z(I)/
i=
Entropy 1 Z(1+(x +y .+ z))z*ln(1+(x +yF Z ))%(i)
= (,
Energy oy x2i+ y2i+ 22i 2 (i)
( i=1
Pitch i VR #180_ (i
n b3 ! i i i
=G 180
l -
Roll ﬁ (Z tan2(yJ_z ) * — (i)
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2.7. Development of Behaviour Classification Model

Each behaviour dataset for licking, eating, standing, and lying from all cattle was pro-
portionally split into 70% (training) and 30% (testing) in the R statistic environment [11,36]
using the “createDataPartition” function of the Classification and Regression Training
(caret) package [37]. This process was independently performed in datasets from every de-
ployment mode. The training dataset was assigned to develop the behaviour classification
model, while the testing dataset was employed to validate performance of the model when
applied to a different dataset [38]. In the model development, a 10-fold cross-validation
was used to partition the training dataset into subsets of non-overlapping training and
testing datasets for optimising parameter selection during the training process [23,39].

Four machine learning (ML) algorithms were employed to develop behaviour clas-
sification models: (1) decision trees (DT); (2) random forest (RF); (3) k-nearest neighbour
(kNN); and (4) support vector machine (SVM). The DT algorithm constructs a group of
binary trees based on the values of selected variables. It recursively splits the dataset into
subsets with consistent values of the predictor variables [40]. The RF algorithm combines
a set of decision trees with each tree having a random subset of variables that evenly dis-
tributed across the trees within the forest [41]. The kNN algorithm relies on the assumption
that adjacent samples belong to a similar category [42]. The SVM algorithm establishes a
hyperplane for splitting observations and maximising the distance of observations from the
hyperplane. Hence, it is more appropriate for binary classification [43]. These algorithms
were chosen as they are computationally easy to implement and have been used in previous
studies [9,20,21,23,42,44,45].

2.8. Feature Selection

The “randomForest” and “varImpPlot” function of the “randomForest” package [46]
were used on the training dataset to rank and visualise the most important features as
prediction (dependent) variables according to their mean Gini values [6,39]. In “random-
Forest” setting, the number of variables that were arbitrarily sampled to split the junction of
the tree (mtry) was set at 5 (approximately equal to square root of the number of prediction
variables) and the number of trees (ntree) was set at 500. In RF and SVVM algorithms, all
features were used as prediction variables for developing the model while only the top
three important features were selected for DT and kNN algorithms, respectively. Both DT
and kNN are simple algorithms and only require a small number (3-5) of the top important
features for model development based on their mean Gini values. Use of the top important
features in the DT algorithm reduces the redundancies of the model development [47].
For the KNN, the higher number of features/variables used will lower the performance of
the algorithm [48]. Previous studies on the accelerometer using DT and KNN have been
described by Alvarenga et al. [49], Alvarenga et al. [11], and Shen et al. [42]. Analysis was
performed using the “caret” package [37] within the R statistics environment.

2.9. Validation of Behaviour Classification Model

The behaviour classification models developed using the training dataset for each ML
algorithm across the three ethograms in both deployment modes were independently
applied to the testing dataset for validating their performance. The confusion matrix for
each ML model prediction was computed using the “caret” package [37]. To determine the
best model for each ethogram within the two accelerometer deployment modes, the overall
accuracy, sensitivity, positive predictive value (PPV) and Cohen’s kappa coefficients of the
predictions were then calculated based on the confusion matrix values using the following
formulas:

(TP +TN)
Overall accuracy = 1)
(TP+ TN+ FP + FN)
Sensitivity =P )

(TP + FN)
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TP
Positive Predictive Value (PPV) == ®)

(TP + FP)

where TP (true positive) is the number of samples in which the observed behaviour was
appropriately observed and classified, FP (false positive) is the number of samples in which
other behaviours were classified as observed behaviour, TN (true negative) is the number
of samples where other behaviours were appropriately observed and classified, and FN
(false negative) is the number of samples in which the observed behaviour was classified
as other behaviours [50]. Performance of the confusion matrix constituent was classified as:
(1) high (90-100%), (4) moderate (80-89%), (5) low (70-79%), and (6) poor (<70%).

The inter-rated reliability test using Cohen’s kappa coefficients was likewise applied
to select the best deployment for capturing values of the feature’s relative importance. The
kappa statistic signifies the extent to which collection of the data represent the variables
measured [51]. This would compare the accuracy of each accelerometer deployment in
assessing features used to develop classification models. Kappa is suitable for imbal- anced
testing datasets without a very small minority class [52]. Under the definition of McHugh
[51], the coefficient was classified as none (0-0.20), minimal (0.21-0.39), weak(0.40-
0.59), moderate (0.60-0.79), strong (0.80-0.90), and almost perfect (>0.90).

3. Results

No aberrant behaviours resulting from accelerometer deployments were observed in
any cattle throughout the experiment. The acceleration signals of the X-, Y-, and Z-axes
sampled over a 60 s of observation from the neck-collar and ear-tag accelerometers for
licking, eating, standing, and lying behaviours are depicted in Figure 3. Total number
of samples (data points) obtained from the 10 s epoch for developing and validating
behaviour classification models was 2362 for neck-collar and 2271 for ear-tag accelerometers,
respectively. The proportion of samples across licking, eating, standing, and lying were
consecutively 22.8% (n = 538), 26.2% (n = 618), 25.9% (n =612,) and 25.1% (n = 594) for
neck-collar and 26.2% (n = 594), 26.4% (n = 600), 25.5% (n = 580), and 21.9% (n = 497) for
ear-tag deployment modes. The failure of the sensors to capture the acceleration signals
has contributed to the unequal number of datapoints (samples) between neck-collar and
ear-tag accelerometers.

3.1. Selection of the Most Important Features

According to the mean Gini values, MVA and SDx were the first and second most im-
portant features for distinguishing licking from other observed behaviours across the three
ethograms within both neck-collar and ear-tag deployment modes except for ethogram
3 of the neck-collar deployment (Table 3). The distribution of MV A of the four mutually
exclusive behaviours for neck-collar and ear-tag accelerometers is displayed in Figure 3.
The mean ($D) of neck-collar and ear-tag MVA for eating behaviour was the highest
among the four mutually-exclusive behaviours (0.20 ( £:07) and 0.30 (  0.05), respectively).
Mean ( =5D) MVA for licking was 0.18 ( =8.06) and 0.17 ( =£.04), lying 0.04 ( 0.03) and
0.09 (=07), and standing 0.03 (£:04) artf 0.07 ( 0.08) for the neck-collar and ear-tag,
respectively. This sequential trer® was consistent across both neck-collar and ear-tag
accelerometer deployment modes (Figure 4A,B).
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Figure 3. Raw values of the tri-axial accelerometer signals fitted on the neck-collar (A) and ear-tag
(B) for licking, eating, standing, and lying behaviours at 25 Hz sampling rate over 60 s of observation.
The grey, red, and blue lines represent X-, Y-, and Z- axes, respectively.

Table 3. The mean Gini values of the three most important features across three different ethograms
within two accelerometer deployment locations.

Neck-Collar Ear-Tag
Ethogram

Feature MGV Feature MGV

MVA 208 MVA 307

1 SDx 120 SDx 124

AVGz 101 MINx 74

MVA 218 MVA 298

2 SDx 124 SDx 134

AVGz 96 ENG 78

AVG; 138 MVA 172

3 SMA 97 SDx 57

MAX; 59 AVG; 47

MGV = mean Gini value; MVA = movement variation; AVG = mean axis value, SD = standard deviation of axis;
SMA = signal magnitude area; ENG = energy; MIN = minimum value of axis; MAX = maximum value of axis.
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Figure 4. Distribution of movement variation (MVA) of the four mutually-exclusive behaviours
within the neck-collar (A) and ear-tag accelerometers (B).

3.2. Overall Performance of the Behaviour Classification Models

The overall performance of ML algorithms in predicting behaviours of beef cattle
using the testing dataset across the three different ethograms within the neck-collar and
ear-tag accelerometers is presented in Table 4. The highest performance across all categories
was consistently obtained from the RF algorithm with an accuracy ranging from moderate
to high and kappa from strong to almost perfect (accuracy: 88-98%; kappa: 0.83-0.94)
followed by SVM (accuracy: 83-97%; kappa: 0.56-0.93), kNN (accuracy: 71-94%; kappa:
0.61-0.89), and DT (accuracy: 65-91%; kappa: 0.52-0.77). The highest performance for
the RF model was found in ethogram 3 of neck-collar accelerometer when differentiat- ing
licking and non-licking behaviours while the lowest performance of RF model was found
in ethogram 1 of ear-tag accelerometer when classifying the four mutually-exclusive
behaviours.
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Table 4. Accuracy and kappa coefficient of machine learning (ML) predictions across three different
ethograms within two accelerometer deployment modes. Bolded ML with asterisk symbol represents the
highest prediction performance within each ethogram.

Deployment Ethogram ML Accuracy (%) Kappa
Neck-collar 1 DT 64.5 0.52
RF * 92.4 0.90
kNN 84.5 0.79
SVM 87.6 0.83
2 DT 85.3 0.77
RF * 94.8 0.92
kNN 92.8 0.89
SVM 94.8 0.92
3 DT 90.8 0.76
RF * 97.7 0.94
kNN 94.2 0.85
SVM 97.2 0.93
Ear-tag 1 DT 68.8 0.58
RF * 87.5 0.83
kNN 70.7 0.61
SVM 83.4 0.78
2 DT 83.5 0.75
RF * 95.2 0.92
kNN 88.1 0.81
SVM 93.1 0.89
3 DT 90.3 0.75
RF * 95.7 0.89
kNN 91.2 0.77
SVM 84.0 0.56

1 = licking vs. eating vs. standing vs. lying; 2 = licking vs. eating vs. inactive (standing + lying); 3 = licking vs.
non-licking (eating + standing + lying); ML = machine learning; DT = decision trees; RF = random forest; kNN =
k-nearest neighbour; SVM = support vector machine.

3.3. Performance of the Best Classification Model for Determination of Licking Behaviour

The performances of the RF algorithm model in classifying licking behaviour of beef
cattle are described in Table 5 (ethogram 1), Table 6 (ethogram 2) and Table 7 (ethogram 3).
Overall, the neck-collar deployed accelerometer had a slightly better performance based
on the sensitivity and PPV than that of the ear-tag deployed accelerometer except for
the PPV in ethogram 2 when distinguishing licking from eating and inactive behaviours.
The RF model developed from neck-collar datasets achieved the highest sensitivity in
ethogram 2 (99%) and the highest PPV in ethogram 3 (96%). When using ear-tag datasets,
the uppermost sensitivity and PPV of the RF model were found in ethogram 1 (93%) and
in ethogram 2 (95%), respectively.
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Table 5. Confusion matrix of the random forest algorithm in predicting four mutually-exclusive behaviours (ethogram 1)
using testing datasets across two accelerometer deployment modes. Bold numbers represent correct prediction and italic
numbers represent misclassification.

Observed Behaviour 1

1 1 (0)
Deployment Predicted Behaviour Licking Eating Standing Lying PPV (%)
Neck-collar Licking 183 8 2 0 94.8
Eating 2 175 12 4 90.7
Standing 1 0 154 14 91.1
Lying 0 1 10 144 92.9
Sensitivity (%0) 98.4 95.1 86.5 88.9
Ear-tag Licking 166 3 13 1 90.7
Eating 7 173 8 1 91.5
Standing 4 2 137 29 79.7
Lying 1 1 15 119 87.5
Sensitivity (%6) 93.3 96.7 79.2 79.3

1 = number of sample (data points) at 10 s epoch; PPV = positive predictive value.

Table 6. Confusion matrix of the random forest algorithm in predicting licking, eating, and inactive behaviours (ethogram
2) using testing datasets across two accelerometer deployment modes. Bold numbers represent correct prediction and italic
numbers represent misclassification.

: 1
Deployment Observed Behaviour PPV (%)

Freaictea senaviour Licking Eating Inactive

Neck-collar Licking 185 10 3 93.4
Eating 1 169 18 89.9
Inactive 0 5 317 98.5

Sensitivity (%) 99.5 91.9 93.8
Ear-tag Licking 165 5 4 94.8
Eating 1 170 7 95.5
Inactive 12 4 312 95.1

Sensitivity (%) 92.7 95.0 96.6

1 = number of sample (data points) at 10 s epoch; PPV = positive predictive value.

Table 7. Confusion matrix of the random forest algorithm in predicting licking and non-licking behaviours (ethogram 3)
using testing datasets across two accelerometer deployment modes. Bold numbers represent correct prediction and italic
number represents misclassification.

Observed Behaviour 1

i i 0,
Deployment Predicted Behaviour Licking Non-Licking PPV (%)

Neck-collar Licking 175 7 96.2
Non-licking 9 515 98.3

Sensitivity (%0) 95.1 98.7
Ear-tag Licking 160 11 93.6
Non-licking 18 491 96.5

Sensitivity (%0) 89.9 97.8

1 = number of sample (data points) at 10 s epoch; PPV = positive predictive value.

4. Discussion

Dependency upon integration of radio frequency identification (RFID) and automatic
feeding systems to remotely monitor supplement intake of beef cattle has prompted the
use of more efficient and accurate technologies for the collection of individual information
in larger herds without disrupting their daily routines and natural behaviours. Tri-axial
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accelerometers have the capability of accurately differentiating mutually-exclusive be-
haviours of grazing ruminants [6], and this is fundamental to predict individual feed intake
based on time-spent feeding [53]. For cattle offered mineral block supplements, licking
events and time spent licking have to be appropriately distinguished from other behaviours
to develop an algorithm for predicting individual mineral block consumption.
Supplementing cattle with mineral blocks is usually conducted while cattle are grazing in
the paddock. This current study was designed as a pilot study to examine the capability of
tri-axial accelerometers to differentiate the signals associated with licking and other
behaviours. Therefore, only a small number of cattle were used and closely monitored
while housed in pens. Further studies would need to be conducted with more animals to
test the suitability of the sensor and algorithms under field conditions.

In this present study, MVA and SDx were the top two features used to classify the lick-
ing behaviours of beef cattle by the ML algorithms employed on the tri-axial accelerometer
data. This trend was consistent across five out of six ethograms (3 for each deployment
mode). Gao et al. [8] explained that MVA is the variability of waveform length aggregate of
amplitude, frequency and duration over the X-, Y- and Z-axes values while SDx represents
distribution of the signal within the X-axis values. Hence, the differentiation of X-axis
values was evidence of apparent dorso-ventral moving direction recorded by neck-collar
and ear-tag accelerometers when the event changed from licking to other behaviours. A
recent study using an ear-tag accelerometer configured at 12.5 Hz with a 10 s time interval
reported MVA and SDx as the two most important features to classify grazing, lying,
standing and walking events of sheep [39]. The presence of MVA and SDx in our study
indicated that the ML algorithms discriminated the behaviours based on the difference of
movement patterns between behaviours.

For the neck-collar deployment, AVGz was the first important feature in ethogram 3
followed by SMA and MAXz and is the most consistent feature within the top three features
in all ethograms. Gonzalez et al. [35] found that SD of the vertical (up-down) acceleration
from neck-collar accelerometer was more sensitive for differentiating grazing behaviours
in cattle because of its ability to capture head positions. The change in Z-axis values in the
present study signified that the neck-collar accelerometers captured the distinction of
longitudinal (anterior-posterior) movements of the head when the cattle were licking.
During licking the head is lowered and as the tongue protrudes, the head moves back and
forth in the longitudinal plane. This might relate to the high accuracy of the neck-collar
accelerometer in a situation where similar head orientation was captured from licking and
biting behaviours. Also, SMA is a suitable measure to differentiate static and dynamic
activities from the accelerometer signals [8,19,54]. Hence, the presence of SMA in ethogram
3 is indicative of the neck-collar accelerometer’s capability to distinguish between licking
and inactive behaviours.

By using random forest ML algorithm, two deployment modes (neck-collar and ear-
tag) of tri-axial accelerometers were capable of classifying licking by contrast with eating,
standing, and lying behaviours with high accuracy (>90%; Table 4). The behaviour
classification model for the RF algorithm was superior to that of SVM, kNN, and DT
algorithms across all ethograms within the two deployment locations. Compared to other
ML classifiers, RF has the capability to rank the most important predictor variables and
to model multifarious interactions among variables to improve prediction accuracy [55].
Hence, instead of using all variables, RF randomly selects subsets of variables to determine the
best split of each junction of the tree [43]. A study using a neck-collar accelerometer on
dairy cows found that the RF algorithm was able of categorising grazing, ruminating,
walking, and resting with an overall accuracy and kappa of 0.97 and 0.95, respectively [45].
The high accuracy of RF is mainly because of its robustness to noisy data and ability to
handle non-linear correlated data [56].

The lower performance of the DT algorithm in this present study might be because
of over-fitting the model and the hierarchical partitioning of each tree that reduces (1)
the ability to categorise relationship between variables and (2) the effective sample sizes
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causing a difficulty in identifying rules and trends in each subsample [43]. It should
be noted that in ethogram 2, inactive behaviour combined standing and lying while in
ethogram 3, non-licking behaviour combined eating consisting of biting (head lowered)
and chewing (head raised), standing (head raised) and lying (resting). Therefore, it was
likely that the accelerometer signals from licking and biting when the cattle lowered the
head would be misclassified, as the feeding bucket and mineral block supplement were
positioned at a relatively similar height from the floor. This might be responsible for the
moderate sensitivity of ear-tag deployment in ethogram 3 (<90%) and may have affected
overall accuracy of the algorithm. In addition, lower PPV and sensitivity of the ear-tag
accelerometer may have occurred because of a more flexible attachment of the sensor to
the ear that increased the false positive rate. A lower ear-attached accelerometer (SensOor)
performance was reported by Wolfger et al. [18], where negative predictive value and
sensitivity of feeding class were 97% and 93%, respectively, with low specificity (70%) and
poor PPV (54%). This was because of a high proportion of rumination that was categorised
as feeding in their model.

In this current study, the behaviour classification model for the neck-collar tri-axial
accelerometer was more accurate than the ear-tag tri-axial accelerometer, with Cohen’s
Kappa coefficient for the neck-collar deployment model being also superior to the ear-tag
deployment. The substantial agreement between actual and model-predicted behaviour
was higher in the present study than studies with dairy cows by Bikker et al. [57] and dairy
calves by Roland et al. [16] who found 0.77 and 0.68 of Cohen’s kappa value for eating
and drinking using an ear-attached accelerometer. The lower kappa coefficient for the
ear-tag accelerometer compared to that for the neck-collar was affected by complex and
repetitive ear movements. Barwick et al. [6] reported that a possible interdependency of
ear-tag acceleration signals from body movements might cause uniformity of the signals
from different behaviours. Hence, rigid attachment of the sensors would maintain their
orientation and consistent signal to generate accurate behaviour classification.

Apart from the lower performance of ear-tag based accelerometers compared to the
neck-collar accelerometers, the practicalities of adoption in commercial contexts favour
ear-attached sensors. The smaller size makes it less invasive to the cattle and costs less
to implement per individual. Therefore, classification algorithms must be capable of
dealing with interdependent dynamic accelerations. The potential of an ear-tag based
sensor to accurately discriminate licking would be an improvement enabling measuring
mineral block supplement intake based on time spent licking by individual cattle. It also
offers versatility and is an efficient way to monitor and harness individual information
particularly in an extensive environment. Advancements in remote monitoring systems
using internet technology are required to remotely transmit the data from the ear-tag sensor
to a central database system for improving production efficiency by reducing time of
mustering for individual data collection. However, in commercial systems where cattleare
already fitted with neck-collars for other purposes, measuring licking with neck-collar
accelerometers would be ideal due to the greater accuracy with this deployment.

5. Conclusions

The behaviour classification model developed by random forest ML algorithm for
both deployment modes performed well (accuracy: 88—98%; kappa: 0.83—-0.94) compared
to SVM, kNN and DT algorithms, with the neck-collar deployment mode performing
slightly better in classifying licking behaviour within three different ethograms than the
ear-tag deployment mode. This is partly because of the firm attachment of the sensor to
the collar generating consistent orientation and acceleration signals. Movement of the ear
independently from the body might also be responsible for lowering sensitivity and PPV
of the model. For commercial use in large herds for grazing systems, however, the ear-tag
deployment mode is more feasible and likely to be more cost efficient than the neck-collar
deployment as current advancement in electronic ear tags for cattle allows attachment
of automatic devices. This current study confirms that the accelerometer is a promising
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technology to differentiate between licking and other behaviours and provides important
research evidence to continue applying this methodology to a paddock environment and
to test the model performance in a commercial situation.
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Abstract: Time spent feeding by grazing cattle is an important predictor of intake and feed efficiency.
This study examined the use of automatic supplement weighing (ASW) units for monitoring volun-
tary access of breeding cows (n = 430) to mineral block supplements in an extensive rangeland of
northern Australia. The ASW units (n = 10) were located within each of experimental sites (5 units
per site; Bore and Eldons). Over the 62 days of data collection, 85%, 13%, and 2% of cows spent <600,
600-1200, >1200 min accessing supplements, respectively, with between-animal variation (CV) of
107%. A total of 133 cows visited both sites while 142 and 155 cows visited only Bore and Eldons,
respectively. Most visits (80-90%) were recorded during the day (800—1700 h), 7-17% during the
night (1800-2300 h), and 3% during the dawn (0—700 h). Time spent accessing supplements differed
between ASW units across the two sites (p < 0.001) and varied according to the day of visits (p < 0.001).
There was a significant relationship between time spent at the ASW units and supplement intake on a
herd basis (p < 0.001; Rzadj =0.70). The results showed that the ASW units were capable of monitoring
access to mineral block supplements that may reflect the supplement intake of rangeland cattle.

Keywords: automatic supplement weighing (ASW) units; rangeland cattle; mineral block supple-
ments; accessing time; supplement intake

1. Introduction

The extensive rangelands in northern Australia are mostly utilized for grazing by beef
cattle [1]. Soils in this region are commonly mineral deficient, particularly in phosphorus
(P), which affects pasture quality [2] and may severely restrict growth, reproductive success
and economic performance of breeding herds [3]. Strategic supplementation of range cows
with loose-licks or lick-blocks offering urea in the dry season and P in the rainy season
is fundamental to successful cattle breeding in northern Australia [4,5]. However, the
efficiency of supplement use by cattle is uncertain as some animals may not be attracted to
the supplements while others that ingest supplements may exhibit a high intake variability
between and within animals [6,7].

Remote monitoring and precision livestock technologies can assist producers to col-
lect objective information on individual animals, to support better decisions for the sus-
tainability of their cattle production system [8]. Automated technologies for measur-
ing individual feed intake of cattle in confined situations are the Calan Gate, Insentec,
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Intergado®, GrowSafe®, and SmartFeed® [9,10]. In a paddock situation, the two latter
systems have been tested for estimating individual mineral block supplement intake of beef
cattle (e.g., [11,12]). These systems capture the Radio Frequency ldentification (RFID) of
individual cattle that visit the feed bin and calculate time spent feeding and supplement
intake. Recent studies using the SmartFeed® system in the extensive rangelands of the US
[13,14] revealed that this system was capable of monitoring daily variation of supple-ment
intake and controlling intake of individual cattle allocated to different treatments without
indication of limiting individual animal intake. Since an adjustable metal frame- work was
used to restrict access to one animal at a time [13], its application in an extensiverangeland
system using a larger herd is likely to be limited by the number of cattle that canaccess
supplements simultaneously, affecting supplement intake by competition, and the scale,
remoteness and harshness of extensive grazing enterprises (e.g., [13,15]).

Conventional self-fed systems for delivering mineral block supplements for grazing
cattle in the extensive rangelands of Australia only measure intake on a herd basis [5].
There is little information on between-animal variation in mineral block supplement intake for
the commercial environment or associated differences in cattle performance, particu- larly
in the tropical region of northern Australia [4]. Automated weighing systems offer the
opportunity to remotely measure real-time individual intake of self-fed supplements and
time spent at mineral block supplements by grazing cattle [12]. Hence, further investi-
gations are required to assess the effectiveness of the automatic system for monitoring the
intake of beef cattle in an extensive grazing system.

In a recent study, a custom-built automatic supplement weighing (ASW) unit, de-
veloped by the University of New England Science Engineering workshop, concurrently
monitored mineral block disappearance and time spent at the unit by cattle [15]. This
small-scale study used 112 cattle-offered mineral block supplements through an ASW unit
in a 32-ha paddock. Although the quantification of the supplement intake was measured
on a herd basis, daily time spent at the ASW unit by cattle was proportional to supplement
disappearance. Unlike other commercially available systems, the ASW unit used in this
experiment offers the potential to improve cost efficiency as it allows multiple cattle to
access the mineral block supplement simultaneously. However, the effectiveness of the
system to deliver mineral block supplements for range cattle has hitherto not been reported.
Hence, this current study examined the use of ASW units to monitor access to mineral block
supplements by breeding cows in an extensive rangeland region of northern Australia.

2. Materials and Methods

The study was conducted at Burleigh station (20°03/18”S 143°0916” E; ~314 m altitude) in
the southern Gulf of Carpentaria near Richmond, Queensland, Australia (Figure 1). The
experimental procedures and use of animals were approved by the University of New
England’s Animal Ethics Committee (AEC18-047) in accordance with the “Australian Code
for the Care and Use of Animals for Scientific Purposes”.

2.1. Animals and Experimental Sites

A total of 430 mature Bos indicus (Brahman) based cows (mean SD:#453 70 kg body
weight) grazed a 7615-ha paddock for 93 days throughout the latter part of the dry season (11
August—11 November 2019). Each cow was fitted with an RFID tag (Allflex® Pty Ltd.,
Capalaba, Queensland, Australia) attached to the right ear. Within the paddock, the two
experimental sites comprised fenced yards (14,000 m? per yard) providing water [sites; Bore
(20°00716”' S 143°0220” E) and Eldons (20°03/10” S 143°00722” E)] while other water sources
were fenced-off. The linear distance between the two sites was 6350 m. In 2019,the annual
rainfall for the nearest town (Richmond) was 502 mm, with average monthly temperatures ("C)
and relative humidities (%) of 19.2 °C, 27.5% (August); 23.9 °C, 20.5% (September); 28.2 °C,
18.0% (October); and 31.5 °C, 19.0% (November) (Australian Bureau of Meteorology,
accessed 16th August 2020). Major pasture species in the paddock were wiregrass (Aristida
spp.) with conkerberry (Carissa lanceolata R.Br.) as a dominant shrub
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species. Pasture quality and composition in this area has been described by Hall et al. [16].
Before the experiment commenced, cows were subjected to an eight-week adaptation
period to become familiar with the ASW units.

Equatorial

Tropical
Subtropical
Desert
Grassland

Temperate

Figure 1. Location of Burleigh station showing where the automatic supplement weighing (ASW)
units were placed within the experimental sites.

2.2. Automatic Supplement Weighing Units

Use of the ASW unit to estimate supplement intake of grazing cattle has been briefly
described by Simanungkalit et al. [15]. However, the ASW units used in this current study
(Figure 2) integrated a built-in Wi-Fi to transmit the data instead of a 3G modem. The
ASW unit identified cows by reading their National Livestock Identification System
(NLIS) compliant RFID ear-tag using the RFID panel reader. It incorporated a 4-channel
multiplexer, 4 RFID reader antennas, an antenna tuning circuitry, and a TIRIS HDX 134 kHz
RFID reader (Forty Trout Electronic® Pty Ltd., Melbourne, Victoria, Australia). When a
cow approached the ASW unit at a maximum distance of 50 cm, an antenna recorded the
RFID twice and then the multiplexer switched to the next antenna which recorded twice
and the process continued through the four antennas. The time spent at each antenna is 150
msec, so with a 4-channel multiplexer, each RFID is read every 600 msec (0.6 s) whenthe
RFID is in the range.

The supplement weighing platform (1.2 m length 1.2 m width) mounted on two load bars
(weigh beams) (KWB 600i, Kelba® Pty Ltd., Hornsby, New South Wales, Australia)
supported a maximum load of 2000 kg. The weighing platform holding the supplements
was monitored constantly by a weight indicator (R320; Rinstrum® Pty Ltd., Brisbane,
Queensland, Australia). Data from the weight indicator was downloaded via an RS-232
serial cable through a RS-232 to USB converter to a USB port on a single board computer
(Raspberry Pi; RS Components® Pty Ltd., Hornsby, New South Wales, Australia), which
constantly monitored input from the USB ports. When detecting an RFID, the weight
reading was recorded and time-stamped. Data was then written to file and each reading
transmitted through the internet Wi-Fi connection to a server in the Information Technology
Directorate at UNE (Figure 3).
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Solar Panel

The box consists of:
1. Single-board computer
2. Battery
3. Weight indicator
4. Charger controller
5. RFID panel Reader
with a 4-channel multiplexer

Load Bars

Weighing Platform
RFID Reader Antennas (4)

Figure 2. The layout of the automatic supplement weighing (ASW) unit.
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Figure 3. Schematic of the automatic supplement weighing (ASW) unit hardware.

2.3. Experimental Procedures

Each site was equipped with an auto-drafter gate (entrance) and four spear gates
(exits), and three water troughs and five ASW units. A walk-over weighing (WoW) unit
(Tru-Test Remote WoW; Tru-Test® by Datamars Australia Pty Ltd., Banyo, Queensland,
Australia) was installed at the entrance gate, to record real-time body weights of individual
cattle accessing mineral block supplements and water. The mineral block supplements were
custom-manufactured (Olsson Industries Pty Ltd., Morningside, Queensland, Australia)
containing urea (40%), sulphur (12%), phosphorus (12%), and vitamin D (1.25% 250HD3;
Hy-D®, DSM Nutritional Products, Wagga Wagga, N.S.W., Australia). Mineral blocks of
100 kg were placed on the ASW units’ weighing platforms, so that the presence of cows at
the blocks could be detected by the ASW units. The WoW and ASW units were calibrated
with a 400 kg load at commencement.

Each site was fenced into two yards, being Draft 0 (100 m length» 35 m width),
equipped with water trough only, and Draft 1 (100 m length>105 m width) in which the
ASW units were also located (Figure 4). Cattle with no RFID tags or those whose RFID
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ear-tag numbers were not recognized by the auto-drafter were directed to Draft 0. Over
93 days of the experimental period, all cows had a 62-day free access to both sites and
all ASW units. Initial body weight data were calculated from WoW records for the week
before commencing the experiment. While data were considered for 430 cows, a small
number of cattle (bulls and calves) without RFID ear-tags were likely to also be present in
the paddock because of incomplete mustering.

Exit Gates
Draft 0 Draft 1
ASW 1 ASW 3 ASW 5
ASW 2 ASW 4
w

Autodrafter

Walk-over Weighing

Entrance Gate

Figure 4. The layout of the experimental sites where the automatic supplement weighing (ASW)
units, water troughs (W), and walk-over weighing were installed on each site. The total area of Draft
0 and Draft 1 was 3500 and 10,500 m?, respectively.

2.4. Data Processing and Analysis

The Structured Query Language (SQL) (Oracle® Corporation, Redwood Shores, CA,
USA) for relational database management systems (RDBMS) was used to retrieve the data
from the UNE database server onto a personal computer in a comma-separated values
(.csv) format. The raw data containing inaccurate RFID readings and low recording data
(<100 records) over the 62 days of data collection were screened using Microsoft Excel 2016
(version 16.0, Microsoft Corporation, Washington, DC, USA) and the dplyr package [17] of
R statistical software [18]. The R software was also used to summarise and visualise the
data. The number of rows containing RFID represented the number of visits to the ASW
units. As one record equated to 0.6 s, time spent (duration) at each ASW unit by individual
cattle (min) was computed by dividing the number of records by 100.

Before further analysis, distribution of the data for time spent at the ASW units
were verified using the Shapiro—Wilk test. Since the data were not normally distributed,
logarithmic transformation was applied. To compare the mean difference of time spent
accessing mineral block supplements by cows between the ASW units, a linear mixed-
effects model was performed using ImerTest package of R statistics [19]. The statistical
model was:

Yijk =l + ASW; + Day; + Cowijk + €ijk D

where Yij is time spent by Cow k at day j in the ASW unit i, L is the overall mean, ASWi is
a fixed effect (i = 1 to 10), Day; is a fixed effect (j = 1 to 62), Cowijk is a random effect on Cow
k at day j in the ASW unit i, and eijk is random error on Cow k at Day j in the ASW unit i.

Association between time spent accessing the ASW units and mineral block supple-
ment intakes was validated using a simple linear regression model. Data from the ASW
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unit with the highest daily RFID records was sampled from each site every day for 62 days
(n = 124). The statistical model was:

Yi=Bo +BXi+ei (2)

where Y is cumulative daily time spent at the ASW units by herd, X; is total mineral block
supplement disappearance, €; is the random error, and i =1 to 124.

3. Results
3.1. Time Spent at the Automatic Supplement Weighing Units

Across 93 days of observation, there were 31 days where access to all ASW recordings
on both sites was restricted because of lost or unstable Wi-Fi connectivity. Six cows were
removed from the analysis because of incorrect RFID readings and less than 100 (1 min)
records. There were 12,630,200 (126,302 min) RFID recordings retrieved from 10 ASW
units across the two experimental sites over 62 days of data collection. Figure 5 shows the
frequency distribution of cumulative time spent by individual cows at the ASW units over
62 days of data collection. Of 430 cows, 85% of them spent 1-600 min, 13% spent 600—
1200 min, and 2% spent >1200 min at the ASW units. Over the 62 days, on average eachcow
visited an ASW unit on 23 days (CV =57%), spending a total of 294 min (CV = 107%) at the
ASW units.

.
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Figure 5. Frequency distribution of cumulative time spent by 430 cows accessing the automatic
supplement weighing (ASW) units over 62 days of data collection.

3.2. Number of Cows and Individual Time Spent Accessing the Sites

Table 1 shows descriptive statistics of the number of cows accessing each site and
the cumulative time spent by individual cows at the ASW units over the 62 days of data
collection. Although the 430 cows had free access to both sites, only 31% (133) of them
visited both sites, whereas the remaining 33% (142) and 36% (155) visited only Bore or
Eldons sites, respectively. Total times spent at the ASW units by these three groups of cows
were 42,957.4 min (both sites), 39,311.2 min (Bore only), and 44,033.5 min (Eldons only), with
between-animal variability (CV) of 107%, 108%, and 106%, respectively.
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Table 1. Summary statistics of the total time spent at the automatic supplement weighing (ASW)
units by individual cows over 62 days of data collection.

Experimental Sites

Bore + Eldons Bore Eldons
CTS(min)  n-Day? CTS(min)  n-Day? CTS(min)  n-Day?
nl 133 142 155

Minimum 4.9 4 2.2 1 2.7 1
Maximum 2047.3 51 1547.4 60 1675.8 50
Median 201.7 27 178.2 30 169.3 20
Mean 323.0 25 276.8 29 284.1 19

SD 345.17 13.1 299.24 13.7 301.68 11.2

11 Number of cows that visited the site(s) over 62 days; 2 Number of days recorded for each individual across
430 cows over 62 days; CTS = cumulative time spent at the ASW units for each individual across 430 cows over
62 days; SD = standard deviation.

3.3. Visiting Time of Cows to the Sites and Automatic Supplement Weighing Units

Throughout the 62 days of data collection, Bore site captured 6,884,927 of RFID records
(68,849.3 min; 54.5%) whereas the Eldons site captured 5,745,273 (57,452.7 min; 45.5%) of
RFID records. Figure 6 shows that most visits to ASW units occurred during the daylight
hours. Visits to ASW units recorded between 800-1700 h were 80% for Bore site and 90%
for Eldons site, respectively. Approximately 17% (Bore) and/or 7% (Eldons) of visits to ASW
units were recorded during the night time (1800—2300 h) and only 3% of visits occurred
during the dawn (0-700 h) for both sites.

12
a) Bore

| Al lunt

0 1 2 3 4 s & 7 8 9 10 1 12 13 14 15 18 17 18 19 20 21 2 23

Daily visits (3)

Hour of the day

b) Eldons
10

Dally visits (%)

=.:==.=.==EIH DI:II:I:H:H:I

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 18 17 18 19 20 21 2 23

e m a2 = @

Hour of the day

Figure 6. Frequency distribution of time of the visit to the automatic supplement weighing (ASW)
units over a 24-h period in (a) Bore and (b) Eldons sites.

Time spent accessing mineral block supplements by individual cows was considerably
different between ASW units (p < 0.001), except for ASW 1 (Bore) vs ASW 4 (Bore), ASW
4 (Eldons) vs ASW 5 (Eldons), and ASW 2 (Bore) vs ASW 4 (Eldons) (Table 2). There was
a significant difference in time spent at the ASW units between days of data collection
(p < 0.001). Over 62 days, the average individual time spent at an ASW unit ranged from
0.1 to 10 min/day with the CV ranging between 112% and 198%.
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Table 2. Average daily time spent at the automatic supplement weighing (ASW) units (mean =
SD)by individual cows across two sites over 62 days of data collection.

Time Spent at the ASW Units (min/day) *

Sites p-Value
ASW 1 ASW 2 ASW 3 ASW 4 ASW 5

Bore 107 +£1492% 71 #141° 87 #144¢ 7 +87% 37 +#55¢
Eldons 289 +367F 89 #1219 16 #3.1" 48 #92% 01 +011

1 means that share similar superscript letters across rows and columns are not significantly different (p > 0.05).

<0.001

3.4. Relationship between Time Spent at the ASW Units and Mineral Block Intakes

Data from the two ASW units (one per site) with the highest daily RFID records over
the 62 days of data collection were interrogated to establish relationships between time
spent at the unit and mineral block supplement intake. The average number of cows
and time spent visiting the ASW unit was 42 head/day (CV = 45%) and 336 min/day
(CV = 69%), respectively, where the total mineral block supplement disappearance was
averaged 5594 g/day (CV = 77%). Daily cumulative time spent at an ASW unit (x) and min-
eral block supplement disappearance (y) within the same day were significantly correlated
(Adjusted R%2 = 0.70; RMSE = 2234 g; p < 0.001) (Figure 7).
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Figure 7. Relationship between mineral block supplement disappearance and time spent at the
automatic supplement weighing (ASW) units by the herd across two sites over 62 days of data
collection. The regression line shows a trend.

4. Discussion

Application of remote monitoring using internet technology in the beef cattle industry
is increasing, particularly for monitoring body weight, feed intake, and physiological statusof
the animals [15,20]. Providing supplemental feeds for breeding cows in the extensive
rangeland of northern Australia is pivotal since the lack of dietary nutrients, particularly
nitrogen in the dry season and P in the wet season, is apparent [2,4]. Voluntary intakeof
self-fed supplements by grazing cattle is primarily contingent upon the physiological
condition of the animals and attractiveness of the supplements [21]. In this study, the RFID
system in conjunction with a single-board computer and internet technology integrated into
the ASW units was capable of remotely monitoring time of access and time spent at mineral
block supplements as well as predicting mineral block supplement intake by rangeland
cattle. By making these simple units at modest cost (approximately AU$ 8000/unit), the
individual daily intake of supplement by each animal could be estimated, with a potential
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for multiple ASW units being used to deliver multiple different blocks in replicated trials
as has been done subsequently.

The RFID technology in the beef cattle production system serves as a tool to improve
efficiency and productivity [22]. Autonomous RFID records were successful at monitoring
visits and interval times of grazing cattle to water points [23]. In our study, however,
there were 31 (33%) days where the sites were inaccessible because of the quality of
internet connection. This is mostly due to the automatic gate setting that could allow the
animal to access Draft O only, with no ASW unit if the internet connection was poor. A
previous experiment using similar equipment in a smaller paddock had 41 consecutive
days of experiment because of the availability of 3G connection [15]. In this current study,
the internet connection was relayed using a custom-built Wi-Fi antenna whose stability
was affected by harsh environmental conditions such as dust and extreme temperature.
Williams et al. [20] pointed out that maintaining continuous connectivity is the greatest
challenge in installing electronic equipment in an extensive environment. Hence, regular
facility maintenance is required for a long-term operation.

Some ASW units in this current study may have failed to send the data because of
several issues. The RFID tags used in this current study were manufactured by Allflex. An
experiment in feedlot cattle by Wallace etal. [24] reported >95% readability of AllflexHDX
RFID ear-tags by panel readers, which was superior to other commercially available RFID
brands. However, Williams et al. [23] stated that malfunction of the RFID systems
prevented the panel reader to transmit a signal to the data logger due to power disruption,
broken communication cables, and insufficient data logger memory. Ruiz-Garcia et al.
(2011) [22] contended that RFID application in an extensive grazing environment requires
longer reading because forage canopies could potentially weaken the signal strength. False
readings may be attributed to physical properties of RFID tags causing electromagnetic
wave distortion by materials containing metals and liquids that can hinder the transmission
of the waves, especially for UHF and microwave frequencies [25].

The ASW unit records indicated that between-animal variation of cumulative time
spent accessing mineral block supplements over 62 days was 107%. Imaz et al. [12]
reported a significant relationship between individual daily time spent at Smartfeed®
feeder and mineral block supplement intake (p < 0.01) with an 80% CV of between-animal
variability. The number of cattle, the type and number of automatic feeders, and the extent
of paddocks and watering points between these studies might contribute to the differences
in results. However, Imaz et al. [12] inferred that mineral block intake variation was mostly
influenced by individual behaviour rather than the whole herd. Sowell et al. [26] explained
that social hierarchies in a herd cause most issues in providing supplement for grazing
cattle. For instance, subordinate cattle may access less supplements than do the dominant
cattle causing high between-animal intake variability because of over-consumption of
supplements by the dominant animals.

Most visits to ASW units took place during the daylight hours between 0800 and 1700
h. This is in agreement with Cockwill et al. [11] and Reuter et al. [13] who revealed thatvisits
to automatic feeders containing molasses blocks peaked between 1000 and 1500 h.
Likewise, Tait et al. [27] stated that nearly 50% of visits to molasses block supplements
occurred in the late afternoon 4 h before sunset. In the current study, water was only
available at the two sites, and cattle would have been attracted to mineral blocks on the
adjacent ASW units after drinking. Time of visits to mineral block supplements mostly
occurred between sunrise and sunset and was relatively comparable to Williams et al. [23]
who reported time of water point visit by beef cattle in a similar environment. This is
because water points’ position in this current study was adjacent to the ASW units, causing
voluntary access to mineral block supplement to be highly influenced by water point use
by cows. However, some cows visited during the night, particularly at the Bore site. This
is in line with Tait et al. [27], who reported that visits to water and free-choice mineral
supplements peaked at 2200 h, with these behavioural patterns influenced by light intensity
and temperature. In a milder climate, Kilgour [28] explained that ruminating and resting
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mostly occurred at night while the diurnal rhythm of grazing and feeding activities was
driven by sunlight.

Failure of the ASW system to capture the presence of ear-tagged cows was likely the
cause of the significant discrepancies among the ASW units across the two sites (p < 0.001).
In the GrowSafe® system, Schwartzkopf-Genswein et al. [25] reported that interference
from external radio frequency such as citizen band radio and the satellite was responsible
for the failure of the system in registering attendance of cattle. The ungrounded ASW unit
metal frame is a factor that could potentially disrupt the radio wave transmission.
Resonation of the ASW unit metal frame may act as an antenna and hamper the detection
of the RFID transponder by the panel reader. Orientation of the RFID to the reader
antennas can also affect the detection of the transponders by the system. Schwartzkopf-
Genswein et al. [25] explained that the maximum range of detection can be achieved if the
RFID transponder is in line with the antenna. Apart from these technical issues, individual
preference for particular mineral block units may explain the higher visit frequencies for
ASW 1 at both sites, which would have contributed to between-animal intake variations. In
range cattle, Wesley et al. [29] explained that behavioural syndrome or behaviour variations
between individuals was consistently occurring within and across situations [29]. The
difference in individual preference for a particular mineral block might be associated with
the personality of the individual, such as explorative behaviour, reactivity, sociability, social
environment [30], and competition for the supplement [7].

The association between mineral block intake and time spent at the ASW units
(R2agj = 0.70) was lower than in the study by Simanungkalit et al. (2020) [15] (R? = 0.93)
and by Imaz et al. (2020) [12] (R? = 0.90). In addition, the error percentage of the linear
association (%RMSE) was higher than that of the previous study [15] (42% vs 34%). These
might have been due to the greater number of cattle used and non-feeding activities being
counted as feeding. Schwartzkopf-Genswein et al. [25] reported that 84% of the total atten-
dance to the GrowSafe® feeder was spent in the act of feeding. By using the Intergado®
system, Oliveira et al. [10] found a long-term visit duration by multiple cattle was inter-
preted by the system as a single long-term visit by one animal. In this current study, up to
six cows could potentially approach the ASW units concurrently. This social interaction
might increase non-feeding activities which the ASW units counted as feeding events.

The presence of multiple animals could also potentially confound the ASW system
registering to the RFID transponder, associated with variable power demand and supply
from solar panels to the computer. Vujovic” et al. [31] stated that power consumption of
Raspberry-Pi fluctuates depending on the number of tasks. Hence, more animals present
at the ASW unit would increase power consumption. While this rarely occurred, the
computer might fail to record the RFID during sustained high activity at the ASW units,
coinciding with overcast weather and slow recharge, resulting in low battery voltage and
system failure. Apart from technical issues, the ASW units were capable of monitoring
time of accessing and time spent at the units that reflected the voluntary access to mineral
block supplement. Real-time information of time of accessing supplement, number of cows
that voluntarily access supplement, and supplement intake provided by the ASW units
could assist graziers to better understand management practice in providing supplemental
feeds for breeding cows in an extensive rangeland, particularly to determine the optimal
amount and distribution of supplement offered.

5. Conclusions

This study has shown that the ASW units successfully monitored access to mineral
block supplements by breeding cattle in an extensive rangeland environment. A significant
relationship between time spent at the ASW unit and mineral block intake on a herd basis
indicated the accuracy of the ASW unit for the prediction of individual supplement intake.
Diurnal and spatial behavioural patterns were observed, although between- and within-
animal variability was high. A difference in time spent accessing mineral block supplements
by cows between the ASW units across the two sites was partly attributable to failure of
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the system to capture attendance of cattle because of technical issues such as unstable
internet connection and interference from external radio waves. Hence, improvement in
the infrastructure, particularly increasing resilience of the internet connection in a harsh
environment, is required for maintaining continuous operation to obtain more accurate
and reliable data in a long-term observation.
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