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Characterization of inappetent sheep in a feedlot using radio-tracking technology1
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ABSTRACT: The feeding and drinking behav-
iours of  sheep were monitored using RFID 
technology at a commercial pre-embarkation 
feedlot in Western Australia with the aim of 
characterizing feeding and drinking patterns 
of  inappetent sheep that might allow them to 
be treated. Feeding and drinking behaviours of 
sheep were compared with their survival and 
change in body condition. Patterns of  number 
of  visits and the time spent at feed and water 
troughs were analyzed for a total of  8,206 
sheep, representing four consignments that were 
monitored for a range of  6–31 d. Data for feed-
ing and drinking behaviours were compared 
for the first 6 d. For animals that were alive at 
exit, 18.9% of  sheep attended the feed trough 
for less than 0.25 h d−1 (15 min per day) on day 
1; this decreased to only 2.4% of  sheep by day 
6. Of  the sheep monitored, 0.93% died (n = 76); 
Salmonella spp. infection was the leading cause 
of  death (n = 40; 52.6% of  all deaths) across all 
months and was accompanied with inanition. 
There was marked variability in the average 
time spent at the feed trough for sheep that died 
eventually from salmonella/inanition (contrib-
uting to the lack of  statistical difference in time 

spent at feed trough between sheep dying from 
different causes; P = 0.056). Over half  (55%) of 
the animals diagnosed with salmonella/inanition 
spent an average of  less than 0.50 h d−1 (30 min 
per day) and 45% less than 0.25 h d−1 at the feed 
trough. There was a negative correlation (r) in 
time spent at the feed trough overtime for in-
dividual sheep that died from salmonella/in-
anition, indicating that these individuals went 
off  their feed. This pattern was not evident for 
animals that died from other causes (significant 
difference in r values between five categories of 
cause of  death; P  =  0.040). Characterization 
of  feeding behaviour of  sheep that died from 
salmonella/inanition therefore appears to re-
quire more than simply monitoring daily intake. 
There was no difference in time spent at water 
troughs between sheep that died or were alive 
at exit (average 0.30  ±  0.23  h d−1). This study 
reveals that the patterns of  feeding and drinking 
behaviours during pre-embarkation feedlotting 
do not readily allow identification of  animals 
that warrant singling out for veterinary care or 
alternative feed arrangements. This result high-
lights the need for experienced stockmanship in 
handling these animals.
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INTRODUCTION

Australia exports 2 million sheep annually by live 
shipment, worth around AU$150 million (Meat and 
Livestock Australia, 2016). This industry is particu-
larly important to the economies of sheep growing 
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areas of Western Australia, providing market compe-
tition. Identifying optimal practice to maximize the 
health and well-being of these animals is important 
for industry sustainability (Stinson, 2008; Phillips and 
Santurtun, 2013; Foster and Overall, 2014). During 
the feedlotting and shipping periods of live export, 
complete and voluntary refusal to eat (persistent in-
appetence) has been identified as a major cause of 
mortality (43% of the 2% of total shipboard deaths) 
and is often associated with the onset of salmonellosis 
(20% of deaths) (Richards et al., 1989). Inappetence 
is defined as a reduction in or lack of appetite with 
consequent reduced feed intake (Blood and Studdert, 
1999) and can lead to persistent inappetence (More, 
2002). Identifying inappetent sheep has been limited to 
studies using marker bars to determine whether sheep 
approached the feeder or not each day (Richards et al., 
1989; McDonald et al., 1990). This proved useful in 
determining the number of animals that were or were 
not feeding; however, it did not allow assessment of 
those sheep in terms of time spent at the feed trough 
and how this varied overtime. Further characteriza-
tion of inappetent sheep is therefore required so that 
animals can be identified and removed and/or remedi-
ated early in the live export process, for better health 
and welfare outcomes (Foster and Overall, 2014). 
This study seeks to use radio frequency identifica-
tion (RFID) technology to determine the feeding and 
drinking behaviours of sheep while at a commercial 
feedlot for comparison with their survival and change 
in body condition. These data were used to identify 

whether there are characteristic feeding or drinking 
patterns of inappetent sheep that might allow them to 
be singled out and treated.

MATERIALS AND METHODS

All experimental procedures were reviewed and 
approved by Murdoch University Animal Ethics 
Committee (Permit number R2598/13) in accord-
ance with the Australian Code for the Care and Use 
of Animals for Scientific Purposes (2013).

Pre-embarkation Feedlot

Sheep were monitored at a registered pre-embar-
kation feedlot in proximity to the handling port at 
Fremantle, Western Australia. Normal feedlot man-
agement procedures were followed, with sheep des-
tined for the live export trade brought from farm/
market into the feedlot, where they were held before 
export. This feedlot period gives animals access to the 
pelleted feed that they are fed during shipment, there-
fore allowing animals to be monitored as they adjust 
to the diet. The pelletized feed used throughout the 
study was the same as used commercially in pre-em-
barkation feedlots and live export voyages (9.9 MJ of 
metabolisable energy, 12.1% crude protein, and 26.8% 
neutral detergent fibre/kg of DM).

Sheep were monitored for frequency and dur-
ation of attendance at feed and water troughs. 
The feedlot shed where the monitoring system 
was installed contained eight pens separated by 

Figure 1. Design of the sheep shed at the commercial live export feedlot where this study was carried out (Fremantle, Western Australia). RFID 
antennae were placed on the feed and water troughs for four pens (1–4).
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metal fencing and gates (Figure 1). Each pen was 
10 × 25 m with a mesh floor supported by wooden 
beams. The outer walls and roof of the shed were 
constructed from corrugated metal. Outer walls 
were enclosed to a height of 0.7 m and then were 
open to the roof (height of 2.5 m). There were six 
feed troughs and three water troughs per pen, and 
pelletized feed and water was provided ad libitum 
through an automated system. Antennae were 
installed in feed and water troughs in one half  of the 
shed, over four adjacent pens. The four pens fitted 
with antennae could hold up to 2,500 sheep under 
normal feedlot stocking rates of between 0.5 and 
0.3 sheep/m2 (Department of Agriculture, Fisheries 
and Forestry, Australian Government 2011). Lights 
remained on in feedlot pens for the entire study as 
per normal feedlot practice.

ALEIS Pty Ltd (Capalaba, Australia) con-
structed RFID detecting antennae, and 12 anten-
nae were built into each 5 m trough to detect RFID 
ear tags (134.2 Hz, half  duplex, passive, uniquely 
numbered identification) when in close proximity. 
A  transmit cycle for each antenna took 80  ms 
(40 ms to transmit to the RFID tag and 40 ms to 
detect a response), and only one antenna per panel 
transmitted at any one time; therefore, it took 
960 ms for every antenna in the panel to transmit 
once. The settings for proximity and timing were 
chosen based on observations of sheep eating, such 
that a recorded incident was taken to indicate the 
presence of a sheep’s head in the trough.

For installation of tracking antennae, each trough 
was modified by the removal of the sloping metal 
wall of the trough above the area holding the feed/
water, and antennae were installed with connections 
through a central computer. The antennae detected 
a tag less than 350 mm away, which corresponds to 
a distance of less than 100 mm between the animal’s 
mouth and the leading edge of the trough. Although 
this does not guarantee an animal in that position 
was eating, the system was particularly designed to 
detect animals that were not attending the troughs 
and, therefore, were not accessing feed or water.

Each feeding/drinking event (the time an 
antenna transmitted and detected an animal tag at 
either the feed or water trough) was stored and col-
lated to report the number of visits to the troughs 
(count) and the amount of time (h d−1) each indi-
vidual attended the troughs.

Animals

After being trucked to the feedlot, depending 
on arrival time, sheep were either handled for ear 

tag placement immediately or after being held off-
feed, overnight in a yard. Each sheep was body con-
dition scored (BCS) by the same assessor as they 
were held in a race for ear tagging with an Allflex 
National Livestock Identification System (NLIS) 
electronic reusable RFID tag placed in the right ear, 
before entering monitoring pens. BCS was assessed 
by a single operator (as described by Jeffries, 1961) 
and was used in preference to body mass as BCS is 
not affected by gut fill.

Normal feedlot management procedures were 
followed, including a daily check through the shed 
and the removal of dead or moribund sheep. A vet-
erinarian examined sheep to diagnose illness or 
conduct a postmortem to determine cause of death. 
Any clinical history prior to death was recorded. 
Dead sheep were examined for evidence of scour-
ing and external injuries. The oral and nasal cavity 
and eyes were also examined. Tissue samples were 
taken for bacteriology and histopathology, includ-
ing Salmonella spp. culture. Worm egg count was 
determined from faecal samples.

One day before, the sheep were due to exit the 
feedlot, sheep were again scored for body condi-
tion, and the RFID tags were removed.

Data Analyses

Because all consignments were monitored in 
the feedlot over at least 6 d, the first 6 d of data 
were analyzed for each. To determine whether indi-
viduals increased or decreased their time at the feed 
trough over the first 6 d in the feedlot, Pearson’s 
correlation coefficient (r) was calculated between 
feed rate and day for each animal using a correl-
ation matrix (Microsoft Excel 2006, Redmond, 
Washington, USA).

The change in BCS (BCS exit–BCS entry) was 
calculated for sheep from the January, February, 
and June consignments, which were BCS by the 
same assessor. A  mixed-model ANOVA was used 
to test whether the change in BCS was correlated 
with the average amount of time that sheep spent 
at the feeders (average over the entire duration that 
they were feedlotted). Feedlot pen and consignment 
were included as random factors and the duration 
of time in the feedlot (d) as a covariate.

Differences in mean time spent per day (h d−1) 
at feed and water troughs during the first 6 d were 
analyzed using a mixed-model ANOVA, including 
the fate of sheep (“alive” at exit from the feedlot; 
“died”), with consignment and pen included as 
random factors. Differences between types of sheep 
(breed or sex) could not be statistically analyzed 
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due to inadequate representation across the four 
consignments.

Five main causes of death were identified 
among the consignments (trauma, tetany, salmon-
ella, pneumonia, “other”), and feeding and drink-
ing data were compared for these five categories. 
Nonparametric ANOVA was used to test whether 
there were significant differences in the average time 
spent at the feed trough (h d−1) and also the pat-
tern of feeding (r) for animals that died from differ-
ent causes (trauma n = 5, tetany n = 9, salmonella, 
n = 40, pneumonia n = 7, other n = 15).

Values are presented as means ± 1 SD 
throughout. Statistical differences were declared 

with P  ≤  0.05 with statistical analyses carried 
out using Statistica (StatSoft Inc, Tusla, OK, 
USA).

RESULTS

Between September 2011 and June 2012, a total 
of 8,206 sheep representing four consignments 
were monitored for a range of 6–31 d (Table 1). The 
sheep varied in breed (Merino, Dorper, Damara, 
and crossbreeds of these), sex (primarily castrated 
males, some entire males and occasional females), 
age (weaners to 2 yr old), and came from a total of 
284 farm origins (Table 1).

Table 2. Cause of death of sheep grouped by five categories for each of four consignments at a commercial 
live export feedlot (Fremantle, Western Australia)

September 2011 January 2012 February 2012 June 2012

1 Shearing trauma 5 (0.20%) day 5–11
2 Transit tetany 8 (0.33%) day 2–8 1 (0.04%) day 6

3 Salmonella 9 (0.37%) day 4–13 25 (1.1%) day 7–14 4 (0.41%) day 11–16 2 (0.08%) day 5–6

4 Pneumonia 7 (0.30%) day 13–16

5 Other

  Bloat 1 (0.04%) day 2

  Enterotoxaemia* 1 (0.04%) day 9

  Electrolyte† 1 (0.04%) day 5

  High worm egg count 1 (0.10%) day 22

  Mouth fistula 1 (0.04%) day 8

  Gall bladder 2 (0.09%) day 14–17

  Unknown 7 (0.30%) day 2–15 1 (0.10%) day 22

Values are the number of sheep that died as counts and as a percentage of the total sheep in each consignment (brackets) and the days (d; time 
since entry to the feedlot) between which the deaths occurred.

*Clostridium perfringens infection.
†Hypomagnesia and hypocalcaemia.

Table 1. Description of the four consignments of sheep monitored at the live export feedlot (Fremantle, 
Western Australia) between September 2011 and June 2012

Pen Type of sheep Number of sheep Days monitored Number of different farm origins

Consignment 1: September, 2011
1 Merino and Merino cross Damara wethers 504 31 82

2 Merino wethers 503 26 80

3 Dorper ewe lambs 738 16 1

4 Dorper ram lambs 711 16 1

Consignment 2: January, 2012

1, 2 Merino wethers 1,180 17 3

3, 4 Merino 1,134 15 11

Consignment 3: February, 2012

2 Merino wethers 607 22 4

3 Merino rams and wethers 357 7 2

Consignment 4: June, 2012

1 Merino wethers 634 7 35

2 Merino wethers 566 7 31

3 Merino wethers 736 7 35

4 Merino wethers 536 6 94
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During the feedlot period, 76 individuals died 
(Table 2), representing 0.926% of the total number of 
sheep monitored. The highest death rate was for the 
January 2012 consignment. Of the sheep that died, 
40 (52.6%) were diagnosed with Salmonella spp. in-
fection accompanied with inanition. Specifically, 
these sheep spent less than 15 min at the feed trough 
on each of the 4 d before death (n = 38) or did not 
approach the feed trough at all on at least 3 of the 
4 d prior to death (n = 2). Salmonella infection was 
the leading cause of death and was present across 
all consignments and these deaths occurred as early 
as 4 d and as late as 16 d at the feedlot. One group 
of Dorper ewe weaners in September 2011 had eight 
animals affected by transit tetany, diagnosed on 
clinical signs and blood analysis. Pleuropneumonia 
was confirmed in seven sheep in January 2012 and 
was present to some degree in the sheep from that 
group that were diagnosed with salmonella infection 
as the primary cause of death.

Success of RFID Identification

Of the RFID tags used in this study, 99.8% 
were still in situ in the ear and still functioning 
at exit, as detected by a handheld RFID reader. 
For the remaining sheep, 13 were not recorded as 
approaching the feed or water troughs during the 

time they were at the feedlot (7–17 d; time differed 
between consignments). On the other extreme, 
one Merino wether was recorded a total of  10.3 h 
at the feed troughs over the first 2 d but was not 
recorded at the water troughs. Of  these 14 sheep, 
9 were recorded alive at exit, indicating that these 
tags were working. The ear tag of  these sheep may 
have been in a position that could not be detected 
by the antennae (abnormally high or low on the 
ear) or they may not have approached the feed 
or water troughs. The fate of  the other five sheep 
was unknown; all mortalities were checked and 
recorded, so these missing sheep may have mixed 
with another pen of  sheep adjacent to the experi-
mental pens.

Feeding and Drinking Patterns for Sheep Alive 
at Exit

Although sheep did attend feed troughs 
throughout a 24 h period, there was a diurnal ten-
dency for sheep to attend the feed troughs more 
frequently during the day than at night. There was 
a large number of  animals (n = 1,533; 18.9% of 
the total monitored) that spent less than 15 min 
at the feeder on day 1; this number decreased 
to 196 (2.4%) animals by day 6 (Figure  2; 
Table 3). Sheep alive at exit spent an average of 

Figure 2. Histograms showing the time sheep spent at the feeders (h d−1) for the first 6 d at the feedlot for animals that were alive at the end of 
their feedlot period.
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1.59 ± 0.55 h d−1 at the feed trough over the first 
6 d (Figure 3b) and visited the trough an average 
of  33.74 ± 12.32 times (Table 4). Most sheep alive 
at exit increased the time they spent at the feed 
trough over the first 6 d of  monitoring, with posi-
tive r values (Figure 4b).

There was no effect of  average time spent at 
the feed trough (F1, 1 < 0.01, P = 0.967), duration 
of  time at the feedlot (F1, 1  <  0.01, P  =  0.947), 
or sheep breed (F1, 2  <  0.01, P  =  0.999) on the 
change in BCS, but there was a strong interaction 
effect of  consignment and pen (F1, 5549  =  14.10, 
P < 0.001). For all consignments, there were large 
increases in BCS, but for one consignment (pen 
3, February 2012), almost all individuals showed 
a decrease in BCS (Figure 5). These sheep were 
only in the feedlot for 8 d and were from two 
farms of  origin. None of  these sheep died while 
at the feedlot.

Sheep alive at exit spent an average of 
0.29 ± 0.23 h d−1 at the water trough, visiting them 
13.36  ±  6.60 times per day (Table  4). Although 
sheep did attend water troughs throughout a 24 h 
period, there was a diurnal tendency for sheep to 
attend the water troughs more frequently during 
the day than at night.

Feeding and Drinking Patterns for Sheep That Died

Around half  of  the animals that eventually 
died while at the feedlot (n = 33; 43.4% of  the 76 
that died) spent less than 15 min at the feeder on 
day 1, and this value did not decrease overtime 
(Table  3). Of  the animals that eventually died 
of  salmonella while at the feedlot, 45% spent on 
average less than 15 min at the feeder over the first 
6 d.  Sheep that eventually died spent an average 
of  0.39  ±  0.40  h d−1 at the feed trough, which 

Figure 3. Time spent at the feeder (h d−1) for sheep (a) that died from different causes (trauma n = 5, tetany n = 9, testing positive for salmonella, 
pneumonia n = 7, other n = 15). Each triangle represents an individual animal. The horizontal lines represent medians. (b) Histogram of the time 
spent at the feed trough (h d−1) averaged over the first 6 d for sheep that were alive at exit from the feedlot.

Table 3. Number of sheep that spent less than 15 min at the feeder over the first 6 d in a commercial feedlot 
as (a) the percentage of sheep alive at exit and (b) the count of sheep that died of different causes

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

a. Sheep alive at exit (% of n = 8130)
18.9% 17.3% 2.3% 7.9% 3.9% 2.4%

b. Sheep that died while at the feedlot (of n = 76)

  Trauma (n = 5) 1 1 1 1

  Tetany (n = 9) 7 8 1 4 2 1

  Salmonella (n = 40) 17 23 18 24 24 28

  Pneumonia (n = 7) 2 3 2 3 2 2

  Other (n = 15) 6 12 2 5 4 6
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Table 4. Mean ± 1 SD (maximum presented in brackets; all minimums were 0) feed time (h) and number of 
visits per day (count) at feed and water troughs for sheep that remained alive for the entire feedlot period 
and those that died while at the feedlot

Day Feed, h Count Water, h Count

a. Sheep alive at exit
  Day 1 1.37 ± 1.04 (8.36) 32.60 ± 24.12 (174) 0.28 ± 0.35 (4.42) 13.77 ± 11.72 (124)

  Day 2 1.48 ± 1.05 (8.21) 30.24 ± 21.52 (194) 0.31 ± 0.36 (4.81) 13.13 ± 10.61 (125)

  Day 3 1.56 ± 0.90 (7.30) 30.90 ± 18.53 (169) 0.32 ± 0.37 (6.42) 12.83 ± 10.14 (138)

  Day 4 1.51 ± 0.83 (7.03) 29.13 ± 16.76 (119) 0.30 ± 0.40 (18.97) 12.77 ± 9.83 (82)

  Day 5 1.67 ± 0.82 (9.77) 33.98 ± 18.62 (222) 0.30 ± 0.32 (4.17) 13.42 ± 10.36 (136)

  Day 6 1.68 ± 0.76 (5.39) 35.43 ± 17.61 (114) 0.29 ± 0.31 (6.56) 13.09 ± 10.06 (114)

Daily mean, h d−1 1.59 ± 0.55 (4.31) 33.74 ± 12.32 (111) 0.29 ± 0.23 (2.76) 13.36 ± 6.60 (68)

Mean per visit, h 0.05 ± 0.01 0.02 ± 0.01

b. Sheep that died while at the feedlot

  Day 1 0.90 ± 1.12 (4.14) 18.12 ± 21.28 (97) 0.28 ± 0.32 (1.84) 11.88 ± 9.19 (37)

  Day 2 0.51 ± 0.76 (2.59) 10.53 ± 14.13 (63) 0.38 ± 0.59 (3.87) 11.61 ± 9.34 (46)

  Day 3 0.64 ± 0.92 4.05) 12.29 ± 14.63 (61) 0.40 ± 0.54 (3.22) 11.34 ± 12.51 (69)

  Day 4 0.65 ± 0.87 (3.23) 11.26 ± 14.64 (59) 0.37 ± 0.73 (4.89) 10.90 ± 11.36 (54)

  Day 5 0.55 ± 0.73 (2.74) 10.90 ± 14.94 (68) 0.27 ± 0.35 (2.29) 10.32 ± 9.58 (39)

  Day 6 0.36 ± 0.66 (3.63) 8.19 ± 13.41 (66) 0.35 ± 0.43 (2.26) 11.30 ± 10.16 (45)

Daily mean, h d−1 0.39 ± 0.40 (1.73) 8.30 ± 8.41 (44) 0.53 ± 0.50 (2.11) 13.15 ± 7.71 (35)

Mean per visit, h 0.04 ± 0.02 0.04 ± 0.02

Data are shown for the first 6 d that sheep spent in the live export feedlot.

Figure 4. Feeding pattern (correlation coefficient of time spent at the feed trough overtime during the first 6 d) for sheep in the feedlot. (a) 
Feeding pattern for sheep that died (trauma n = 5, tetany n = 9, testing positive for salmonella, pneumonia n = 7, other n = 14). Note that one sheep 
in the “other” category did not approach the feeder for 6 d, and therefore, a correlation coefficient for that animal could not be calculated. (b) 
Histogram showing the distribution of correlation coefficients for sheep alive at exit from the feedlot.
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was significantly less than the average for sheep 
alive at exit (mixed-model ANOVA F1, 3 = 182.59, 
P < 0.001). They visited the feed trough an average 
of  8.30  ±  8.41 times. The median time spent at 
the feed trough was low for sheep that died from 
salmonella/inanition; however, there was high 
variation between these individuals (Figure  3a), 
which contributed to the lack of  statistical differ-
ence in time spent at feed trough between sheep 
dying from different causes (Kruskal–Wallis test: 
H4, N  =  75 = 9.23, P = 0.056; Figure 3a). The ma-
jority (55%) of  the 40 sheep that died from sal-
monella/inanition (compared with 4% of  sheep 
alive at exit) spent less than 0.49 h d−1 at the feed 
trough (i.e., 2 SD below the mean for sheep alive 
at exit). The majority of  sheep that died from 
salmonella/inanition (n  =  40) also showed a de-
crease in feeding rate overtime (negative r values; 
Figure 4a). This pattern was not evident for ani-
mals that died from other causes, with significant 
differences in feeding pattern (r) between the five 
categories of  cause of  death (Kruskal–Wallis test: 
H4, N = 75 = 10.00, P = 0.040).

Sheep that eventually died while at the 
feedlot had higher BCS on entry compared with 
sheep that were alive on exit (Kruskal–Wallis test: 
H1, N = 5,732 = 11.02, P < 0.001; Figure 6).

There was no difference in time spent at 
water troughs (mixed-model ANOVA F1, 4 = 1.66, 
P  =  0.264) or the number of  visits per day be-
tween sheep died or were alive at exit, and 
their drinking pattern was largely independent 
of  average feeding time (Figure  7; r2  =  0.032; 
P  <  0.001). There was a significant shipment × 

pen effect (mixed-model ANOVA F4, 8184 = 11.77, 
P  <  0.001), which indicated that the time spent 
at the water troughs was longer for the January 
consignment (Table 4).

DISCUSSION

The RFID-tracking antennae used in this study 
were successful in monitoring the length of time 
that sheep spent at the feed and water troughs, with 
99.8% of ear tags confirmed as present and working 
using the portable RFID reader at exit from the 

Figure 6. Box plot of entry BCS for sheep that died and those that 
were alive at exit from the feedlot.

Figure 5. Change in BCS (BCS on exit–BCS on entry) for individual sheep that remained alive at the feedlot in each pen for consignments 2, 3, 
and 4. Each triangle represents an individual, but there are many overlapping points.
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feedlot. Previous detection of inappetent sheep has 
been limited to the use of marker dyes and real-
time observation. These methods are time consum-
ing and, in the case of marker dyes, require frequent 
animal handling to record the marks (McDonald 
et  al., 1990). With real-time observation, there is 
a risk of error in identifying individuals and their 
activities in large groups. As most sheep that do 
not adapt to feedlot feed are found to die during 
live shipment (Norris et al., 1989), tools such as the 
RFID identification system could be used during 
the feedlot process, allowing different feed or atten-
tion to be given to these sheep.

Overall mortality rates in the present study were 
low and this prevented meaningful statistical mode-
ling on the relation of feeding patterns and risk of 
death. We recorded only 0.93% mortality of the 8,206 
sheep monitored across four consignments. The main 
cause of death was salmonella infection. Postmortem 
results showing salmonella infection was also accom-
panied by a decrease in time that these sheep spent at 
the feed trough. The majority (55%) of animals test-
ing positive for salmonella infection spent less than 
0.49 h d−1 at the feeders (i.e., 2 SD below the mean 
for sheep alive at exit). Our result supports previous 
observations (Brownlie and Grau, 1967) that inappe-
tent animals may be at greater risk of salmonellosis, 
and those affected by disease are inappetent. Norris 
et al. (1989) found sheep that failed to eat late in the 

feedlot period had 5.9 times greater risk of death due 
to salmonellosis than those that ate. Furthermore, 
Higgs et al. (1993) found death from salmonellosis 
exclusively in inappetent sheep.

There was a large degree of variability in 
the average time sheep spent at the feed trough. 
However, sheep that eventually died from salmon-
ella/inanition decreased their time at the feed trough 
over the 6 d monitoring period. Characterization 
of feeding behaviour in sheep that eventually died 
from salmonella/ inanition is therefore likely to re-
quire monitoring the change in feed trough attend-
ance overtime rather than just the average time 
spent at the feeder.

Although 55% of animals that died of salmon-
ella/inanition spent <15 min/d at the feed trough, a 
high proportion of animals that were alive at exit 
showed similar inappetence: 18.9% of animals spent 
<15 min at the feed trough on day 1 down to 2.4% 
by day 6.  Through the use of 24  h video surveil-
lance, Rice et al. (2016) also recorded 18% of sheep 
were shy feeders, spending less than half an hour 
at the feed trough on day 2 or 3. Clearly, therefore, 
many animals refrain from eating in the short term. 
Therefore, there were limitations with using attend-
ance at the feed trough as an alert for the presence of 
salmonella/inanition. Application of such a measure 
is more appropriate by day 3 onwards, when the ma-
jority of sheep had settled into their feeding habits.

Sheep that died had a higher entry BCS than 
sheep alive at exit, indicating that they were not ne-
cessarily in poorer condition. Richards et al. (1989) 
found that sheep that died from inanition had 
greater reserves of body fat than controls and sheep 
that died from other causes. We note, however, that 
the entry BCS of sheep included in our study was 
not high by industry standards.

Previous work investigating inanition has not 
considered water intake of the sheep. However, 
we recorded no difference in time spent at water 
troughs between sheep that died or were alive at exit. 
Postmortem examination of sheep diagnosed as dying 
from inanition found fluid in the rumen (Richards 
et al., 1989), which was presumed to indicate the ani-
mals were still drinking. However, this assumption 
may not be correct, in light of findings that dehy-
drated lambs had the same weight of gastrointestinal 
contents as those with access to water, suggesting that 
the capacity for increased water absorption from the 
gastrointestinal tract in response to water deprivation 
is limited (Jacob et al., 2006). Dehydration has not 
been reported as a particular issue along with the 
inappetence; the long survival time of animals not 
apparently accessing feed troughs indicated that the 

Figure 7. Comparison between average time at the feeder and water 
troughs for sheep for their first 6 d in a commercial feedlot.
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animals were still drinking because dehydration will 
hasten mortality compared with deaths due to inan-
ition alone. During January, sheep that died spent 
longer at water troughs, possibly due to effects of 
fever associated with respiratory infection increas-
ing thirst interacting with the high summer environ-
mental temperature.

CONCLUSION

This monitoring system was useful in further 
characterizing inappetent sheep. Clearly, there were 
a high proportion of animals that were inappetent, 
taking a number of days to adjust to the pelleted 
feed at the feedlot. Therefore, identification of ani-
mals that are at risk of salmonella/inanition was 
somewhat masked by this background of inappetent 
sheep coupled with the large variation in average 
time that sheep died from salmonella/inanition 
spent at the feeder. The RFID tag monitoring sys-
tem could be used with automatic drafting or other 
nonintrusive management to remove such animals 
for different feed or attention although the benefits 
of any such change in management would need to 
be weighed against the costs of disruption, and the 
technology is not suitable for general installation.

GLOSSARY

Anorexia: Complete absence of appetite and refusal 
of food (Radostits et al., 2000).
Inanition: The term is commonly considered to be 
an end-stage condition and has been used to de-
scribe deaths in export sheep attributed to prolonged 
reduction or cessation of feed intake resulting in a 
state of exhaustion (Richards et al., 1989).
Inappetence: “shy-feeding”, reduction in or lack of 
appetite with consequent reduced food intake (Blood 
and Studdert, 1999).
Persistent inappetence: complete and voluntary re-
fusal to eat (More, 2002).
Starvation: prolonged deprivation of food and con-
sequent effects on the body (Andreasson et al., 2007).
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