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Simple Summary: The use of precision technology within agriculture is growing rapidly. Rumen
temperature boluses are primarily used for the detection of ill health, but also have uses in detecting
estrus and the onset of parturition. Research has shown that water intake and diet can impact rumen
temperature. However, little emphasis has been placed on the impact of behaviour, particularly
agonistic interactions, which are common amongst young bulls. In fact, there is a clear knowledge
gap surrounding the effect behaviour has on physiology, particularly core body temperature. Thus,
the aim of this study is to investigate the impact of behaviour and diet on the rumen temperature of
Holstein bulls, both at grass, and in a housed environment. The results from this study indicate that
although significant differences in rumen temperature exist between behaviour groups, these rumen
temperatures are all within the normal temperature range. Therefore, behaviour should not impact
the accuracy of the detection of ill health. Furthermore, diet had no effect on rumen temperature.

Abstract: Rumen temperature boluses are becoming increasingly used as a means of monitoring
core body temperature for the detection of ill health. However, the effect of behavior on rumen
temperature is largely unknown. This research investigates the impact of behaviour and diet on the
rumen temperature of Holstein bulls, both at grass, and in a housed environment. Rumen temperature
was recorded at five-minute intervals using a bolus. Direct observations were conducted on young
bulls in two studies (i) at grass (n = 30) and (ii) while housed (n = 32). In addition, activity monitors
were attached to bulls at grass (n = 24). Within each study, diet differed by the level of concentrate
supplementation. There was no effect of diet on rumen temperature. Significant differences in rumen
temperature were observed between behaviour groups for bulls at grass (p < 0.001) and housed
(p < 0.001). Furthermore, drinking resulted in the lowest rumen temperature (grass 35.97 °C; housed
36.70 °C). Therefore, rumen temperature is affected by behavior; however, the temperatures recorded
were not outside the normal temperature range for healthy cattle.

Keywords: rumen temperature bolus; drinking; concentrates; behaviour; agonistic

1. Introduction

Core body temperature is often measured via rectal temperature [1]; however, this method
involves regular handling and has practical limitations [2]. Furthermore, fluctuations in temperature
may be missed due to the sampling procedure [3]. Rumen temperature boluses are a novel technology
which allows for continuous, non-invasive monitoring [4,5]. Commercially they have a number of uses,
including the detection of ill health [4], estrus [6], and the onset of parturition [7]. Heat is produced in
the rumen due to fermentation and the activity of the microbiome [8]. As a result, rumen temperature
has been reported to remain 0.57 °C greater than rectal temperature [4]. However, variations in rumen
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temperature could be expected due to diet. Concentrates are easily fermentable [9], and thus, a high
proportion in the diet could lead to increased heat production in comparison to a forage-based diet.
The effect of drinking on rumen temperature has been investigated and is reported to cause a rapid
decline. The extent and duration of which depends largely on the temperature and volume of water
consumed [10,11].

However, while factors such as ill-health, oestrus, parturition, and drinking are well known to
influence rumen temperature in predictable ways, the influence of behavioural activities remains to be
explored. Cattle exhibit three main behaviours: feeding, ruminating, and resting, which have been
reported to account for up to 95% of the animals’ time. However, for the remainder of the time, cattle
may be engaged in an extensive range of behaviours [12]. Cattle are social animals [12,13] who will
interact with one another primarily through agonistic (fighting, head to head pushing, and butting),
affiliative (grooming), and sexual (mounting and flehmen response) behaviours [14]. Agonistic
behaviours are often associated with competition for space or resources (resting space, access to feeding
space), particularly under intensive production systems [15]. In addition, these behaviours enable the
formation of a social hierarchy within a group [16]. Sexual behaviours, particularly mounting between
bulls, can also play a role in establishing dominance relationships [17] while affiliative behaviours are
associated with the development of social bonds [18], together with having coat hygiene benefits [19].

Behavioural activities associated with increased physical activity or stress will lead to increased
heart rates [20,21] and body temperatures [5-23]. During this time, blood is redirected to vital organs
and muscles in order to meet the additional metabolic requirements [24]. A short term rise in core body
temperature, known as hyperthermia, has also been suggested to be caused by agonistic behaviour.
For example, Timsit et al. [4] investigated the use of rumen temperature boluses for the early detection
of bovine respiratory disease (BRD) in young bulls, reporting that 27% of rumen hyperthermia cases
were not followed by clinical signs of BRD. The author speculated that these were caused by agonistic
behaviour rather than ill-health. Agonistic interactions are often magnified following mixing or
re-grouping, which is associated with establishing a new dominance hierarchy. This manipulation
of the social environment leads to an increased occurrence and intensity of agonistic interactions,
particularly if animals are of a homogenous weight [25]. Physiological changes, such as an increase in
lactate, plasma cortisol, and creatine kinase, are also associated with mixing [26].

Temperament is a measure of an animal’s behavioural response to standardised environmental or
social stimuli [27-29]. Fearfulness and aggressiveness are two of the key traits that are used to define
an animal’s temperament [28]. Temperament has been shown to impact animal performance in terms
of immune function, growth rates, and carcass characteristics [30-32]. In addition, cattle with different
temperaments have been shown to exhibit physiological differences. For instance, temperamental (or
excitable) cattle have greater basal body temperatures than those considered to be calm [33,34]. The
same goes for stress hormones; Burdick et al. [35] reported that temperamental bulls had significantly
greater basal levels of cortisol and epinephrine than calm bulls. Similar findings have been documented
in relation to dominance; bulls with a low or high social rank had a significantly greater plasma cortisol
and neutrophil to lymphocyte ratio than bulls of a medium social rank [36].

However, the assessment of physiological changes associated with behaviours during mixing or
temperament classification is based on a small number of time points with behaviours being grouped
over a long duration. Thus, the relationship between specific behavioural activities and animal
physiology is poorly understood, particularly within a stable social environment. This is an important
knowledge gap to address, given the increasing commercial uptake of rumen temperature boluses
in cattle. At present, the extent to which behavioural activity could act as an important confounding
factor [4] remains to be explored.

Thus, the objective of this study is to investigate the impact of behaviour, particularly agonistic
interactions on rumen temperature of young bulls. Furthermore, the current study also investigates the
role of diet as a source of variation in rumen temperature. Specifically, we hypothesise that behaviour
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involving relatively high levels of physical activity (e.g., agonistic interactions), and a high concentrate
diet, will be associated with increases in rumen temperature.

2. Materials and Methods

This study was undertaken from July to October 2017 at the Agri-Food and Biosciences Institute
(AFBI), Hillsborough, Northern Ireland. AFBI is located at latitudes and longitudes of 54.45° and
—6.07°, respectively, and is 91 m above sea level. The area has a mean annual temperature of 9.5 °C
and a mean annual rainfall of 902 mm. All experimental procedures were conducted in compliance
with the United Kingdom Animals (Scientific Procedures) Act 1986. This study consisted of two data
collection periods, one comprising 30 bulls at grass (24 of these also had IceQubes fitted for activity
monitoring), and the second consisting of 32 bulls in a housed environment.

2.1. Study one: Bulls at Grass

2.1.1. Animals and Rumen Temperature

A total of 84 bulls were managed in six groups of 14 in a four paddock rotational grazing system.
The paddock set up consisted of four blocks of six paddocks, with all six groups being grazed within
one block of paddocks at a time (Figure 1). The boundaries of the paddocks were determined by
electric fencing. As part of a wider production study, the six groups were offered one of three summer
diets; (i) grazed grass only, (ii) grazed grass with 2 kg concentrate supplementation, and (iii) grazed
grass with ad libitum access to concentrates. The chemical composition of grass was determined via
NIRS analysis, and that of concentrates was determined by wet chemistry analysis.

Paddock | Paddock | Paddock
1 2 3

Paddock | Paddock

Figure 1. Paddock set up in Study 1.

Each bull had a rumen temperature bolus (Thermobolous small, Medria, Chateaubourg, France)
administered at three months of age. Each bolus had a battery life of three years. The factory-calibrated
bolus recorded rumen temperature to a tenth of a degree Celsius every five minutes [4,5]. A radio
base was placed in the centre of each block of paddocks, to allow the data from each bolus to be
automatically downloaded.

A weather station (Davis Vantage Pro 2, Davis Instruments, Hayward, CA, USA) situated centrally
within the farm was used to record external ambient temperature (°C) and relative humidity (%) at
30 m intervals. Temperature humidity index (THI) was calculated from the data collected using the
formula below where T is ambient temperature (°C), and RH is relative humidity expressed as a
proportion [37].

THI =0.8T + RH (T - 14.4) + 46.4
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2.1.2. Observations

A sub-sample of these bulls (1 = 30) (196 + 5.3 days of age and 195 + 8.9 kg live weight) were
selected based on age and balanced for paddock and diet. Bulls were identified using coloured collars.
Direct observations were conducted by one trained individual, with a total of 10 observation days
completed over a period of 24 days in July and August 2017. Each observation period lasted six h
(1000 h to 1600 h), giving a total of 60 h of direct observations per animal. The behaviours recorded are
shown in Table 1. Behaviour sampling was continuous, with the start time of each behaviour being
recorded; thus, the duration of a behaviour was taken as the interval between two behaviours. Each
behaviour was then assigned to a behaviour group, which categorised similar behaviours together. To
allow appending with rumen temperature data, behaviours were condensed so that one behaviour
group was allocated to each five-minute interval. Where more than one behaviour group occurred
within each interval, behaviours were selected based on the rank shown in Table 1. This ranking was
designed so that behaviours that were of a particular interest within this study were selected. Drinking
was selected as the highest ranking behaviour as it is the only factor that is currently well-validated to
cause a decline in rumen temperature [10,11]. The incidence rate (IR, %) for each behaviour group was
calculated on an hourly basis, providing a quantitative measure of the proportion of time spent on
each behaviour.

2.1.3. Activity Monitoring

IceQubes (IceRobotics, Edinburgh, Scotland, UK) were fitted to 24 randomly selected bulls (four
bulls per paddock) for a period of 30 days while bulls were at grass. IceQubes were attached to the right
hind leg, as reported by Finney et al. [38], and recorded standing durations, lying duration, lying bouts,
steps, and a motion index. IceQubes recorded data at 15 m intervals; thus, the corresponding rumen
temperature was the mean of the three temperatures recorded within each interval. Two IceQubes (one
bull grazed with 2 kg concentrates, and one bull grazed with ad libitum concentrates) were dislodged
during the study and thus fell off, leaving 22 bulls with an IceQube for the full study period.

2.2. Study Two: Bulls Housed

2.2.1. Animals and Rumen Temperature

The bulls used in Study 1 were housed in October 2017 to commence their finishing period. Each
group of 14 was split according to live weight into three pens of four bulls and one pen of two bulls. All
pens were of the same dimensions (3.4 X 2.7 m) and had slatted floors. A total of 32 bulls (256 + 3.9 days
of age and 275 + 7.4 kg live weight) across eight pens were observed during Study 2; only those that
were penned in groups of four were observed. These bulls were balanced over four dietary treatments
(eight bulls per diet) and were offered ad libitum grass silage with varying levels of concentrates. The
bulls that had been offered 0 and 2 kg of concentrates at grass, both had their concentrate allowance
increased by 2 kg/h/d and thus were on 2 and 4 kg of concentrates, respectively. The bulls on ad libitum
concentrates at grass, were maintained at this concentrate level. A fourth dietary group was introduced
to this study; these bulls had spent the summer housed with access to ad libitum grass silage and
concentrates. The chemical composition of the grass silage and concentrates were determined using a
wet chemistry analysis.

Bulls had a rumen temperature bolus administered as per the animals in Study 1 (Section 2.1.1).
A radio base was placed centrally within the shed, to download data automatically. Ambient conditions
were recorded using two iButtons (Hydrochron, DS1923 F5, Maxim Integrated, Hayward, CA, USA)
placed at either end of the finishing house. iButtons were secured to the bars of the pen just above
animal height, ensuring the face of the iButton was not obscured. Ambient temperature (°C) and
relative humidity (%) were recorded every 10 m. THI was calculated using the formula outlined in
Section 2.1.1.
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Table 1. Ethogram for behaviour observations in Study 1 and 2.

Rank Behaviour Group Behaviour Description
1 Drinking Drinking Drinking
Bunt Lowers its head, then uses the head to sharply strike another animal
o Head to head pushing Pushes its head against the head of another individual
2 Agonistic Fioht Continued forceful head to head pushing, results in animals pushing each other
& off-balance or across the ground
Pushing at the feed face ¥ Pushing another animal at the feed face in order to gain access to feed
. . Head and shoulders are raised, and weight is shifted to the rear, at least one front hoof
Mount intention .
remains on the ground
3 Sexual Attempt to mount Both front feet sunultaneoqs.ly leave the ground, b,ut the animal does not become
positioned on the mountee’s body
Mounting Lifts its forelegs off the ground and rests the chest on the body of another animal
Sucking Cross-sucking /drinking urine from another animal
Avoids slowly Moves away to avoid the aggressor slowly, does not turn towards the aggressor
. Moves away with speed Moves away from the aggressor quickly
4 Agonistic or sexual Retaliates Retaliates with an attack (bunt or push) towards the aggressor. No more than two
recipient physical responses
Fiehts Retaliates with continued aggressive behaviour. Behaviour is then scored based on
& agonistic behaviour group
Licking Licking another animal
5 Affiliati Sniffing Sniffing another animal
tuative Touching/rubbing Touching or rubbing its head against the body of another animal
Grooming/scratching Animal grooming itself or scratching on bars in the pen
6 Affiliative recipient Recipient of an affiliative behaviour Being sniffed, touched or licked by another animal
7 Concentrates Eating concentrates Eating concentrates
Out of pen ¥ Cattle out of pen to be weighed
8 Locomotion Walking Walking
Trotting Trotting
Cantering * Cantering
9 Forage Grazing * Eating grass
Eating silage ¥ Eating silage
Environmental exploring Standing while sniffing, liking and biting an object in the environment
10 Stationary Standing Standing—appears to be doing nothing
Lying Lying down—either sleeping or resting

Rank is based on the priority level each behaviour group was considered when condensing behaviours into five-minute intervals; * = behaviours that were only scored in Study 1; ¥ =

behaviours that were only scored in Study 2.
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2.2.2. Observations

Prior to observations commencing, bulls had an acclimatisation period of 6 days after housing.
Video footage of each pen was recorded, and bulls were identified using coloured collars. Videos were
later scored by one trained individual using Observer XT 13 software. Observations were conducted
on alternate days (n = 7), with four one-hour observations completed per day commencing at 03:59,
09:39, 14:10, and 20:43. Thus, a total of 28 h of observations were completed per animal. Within each
one-hour observation period, the bulls were scored continuously using the ethogram shown in Table 1.
Individual behaviours were assigned to a behaviour group, and the method of ranking behaviours,
and calculating incidence rates outlined in Section 2.1.2 was applied.

2.3. Statistical Analysis

All statistical analyses were conducted using Genstat (19th edition). Summary statistics were
conducted on THI and feed composition, with mean and SE values being reported. Rumen temperature
was examined using linear mixed model (LMM) methodology, and the REML estimation method. For
Study 1, behaviour group and diet were fitted as fixed effects while animal ID was fitted as a random
effect in the modelling process. Study 2 was analysed using the same model with the addition of the
pen number being included as a random effect. Summary statistics were completed on the incidence
rate of behaviour groups during each study. The effect of diet on behaviour incidence rate was analysed
as an LMM with animal ID as the random effect for Study 1; and animal ID and pen number as
random effects in Study 2. In all cases, if any effect was significant then pairwise differences among
treatment levels of the effect were assessed using Fisher’s least significant difference test. To assess the
relationship between rumen temperature and step count, and whether this differed depending on the
production system, linear mixed model methodology using the REML estimation method was used.
The animal was fitted as a random effect, while step count, production system, and their interaction
were fitted as fixed effects in the modelling process. If there were significant relationships established
then pairwise differences between the slopes of each model were assessed using a t-test. In all cases,
data was not transformed, and the adequacy of the model fits was assessed by visual inspection of
residual plots.

3. Results

Mean THI was 56.88 + 0.128 and 56.25 + 0.096 during Study 1 and Study 2, respectively. The
chemical composition of the feed offered during both studies is shown in Table 2. Mean rumen
temperature in Study 1 was 38.09 + 0.094 °C, while that of Study Two was 38.59 + 0.037 °C. Diet had
no significant effect on mean rumen temperature in either of the two studies, and thus, the results are

not shown.
Table 2. Chemical composition of feedstuffs.
Study 1:At Grass 2: Housed
Feedstuff Grass Concentrates Grass Silage  Concentrates
DM (g/kg F) 128 946 281 949
CP (g/kg DM) 200.0 - - -
Water soluble sugars (g/kg DM) 69.6 - - -
ME (MJ/kg DM) 11.0 - - -
ADF (g/kg DM) 299.0 114.6 316.4 130.5
NDF (g/kg DM) - 308.2 541.2 298.0
Ash (g/kg DM) - 63.8 113.0 83.2
Nitrogen (g/kg DM) - 29.5 18.8 28.2

DM, dry matter. CP, crude protein. ME, metabolisable energy. ADEF, acid detergent fibre. NDF, neutral detergent fi
bre The chemical composition of grass was determined via NIRS analysis, and that of grass silage and concentrates
was determined by wet chemistry analysis.
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Figure 2 outlines the effect of each of the ten behaviour groups on rumen temperature during
the two study periods. In both instances, as expected, drinking caused a significant decline in rumen
temperature, with a mean of 35.97 and 36.70 °C while at grass and housed, respectively. Interactions
with other bulls resulted in similar rumen temperatures in both studies, with only agonistic or sexual
recipients in Study 1 displaying a significant elevation in comparison to that of agonistic and sexual
behaviours. A mildly significant interaction (p = 0.047) between behaviour and diet was observed
in Study 1 (Figure 3). Drinking had a consistently lower rumen temperature for bulls on all three
diets. Agonistic behaviours for grazed bulls proved to be the only group that had a similar rumen
temperature to that of drinking. Across the remaining behavior groups, there were no consistent
patterns of interactive effects across this marginally significant interaction. There was no significant
interaction for Study 2; therefore, the results are not presented.
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Figure 2. Effect of behaviour on rumen temperature during the two studies. a, b, c represent significant
differences (p < 0.001) between behaviour groups in Study 1: at grass. X, y, z represent significant

differences (p < 0.001) between behaviour groups in Study 2: housed.
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Table 3 shows that in both studies, the most common behaviour group recorded was stationary.
In Study 1, bulls that were grazed with ad libitum concentrates had the greatest incidence rate of
stationary behaviours (Table 4) and the lowest incidence of feeding. In contrast, Study 2 showed no
significant difference in stationary behaviour between diets. Housed + ad lib bulls displayed the
greatest incidence of affiliative behaviours; while grazed and grazed + 2 kg bulls spent the greatest
time consuming forage.

Table 3. Incidence rate (%) of behaviours during Study 1 and Study 2.

. 1: At Grass 2: Housed
Behaviour Group

IR (%) SED IR (%) SED
Drinking 3.45 0.261 3.86 0.626
Agonistic 0.80 0.093 2.61 0.595
Sexual 0.83 0.103 3.20 0.700
Agonistic or sexual recipient 0.18 0.027 0.92 0.186
Affiliative 0.94 0.100 5.84 0.569
Affiliative recipient 0.72 0.088 1.01 0.140
Stationary 52.25 0.859 65.11 1.809
Locomotion 0.46 0.034 1.66 0.343
Concentrates - - 6.19 0.488
Foraging - - 10.91 0.611
Feeding * 40.63 0.896 - -

* Concentrates and foraging have been grouped together as the grazed treatment did not have access to concentrates.

IR, incidence rate.

Table 4. Incidence rate (%) of behaviours according to diet during Study 1 and Study 2.

Study 1: At Grass

Study 2: Housed

. Grazed ad Housed
Behaviour Group Grazed Grazed +ad SED p-Value 2k 4 kg Lib +ad SED p-Value
+2kg . onc. conc. .
Lib conc Lib
Drinking 2.63 3.93 377 0639 ns 1.58 2.40 6.09 5.36 1770  ns
Agonistic 0.57 0.70 113 0229 ns 2.69 438 225 1.12 1682  ns
Sexual 0.81 0.70 098 0253 ns 1.39 3.16 3.32 492 1980 ns
Agonistic or sexual 0.15 0.19 019 0065 ns 0.45 0.85 112 125 0520 ns
recipient
Affiliative 0.88 0.69 124 0244 ns 2952 4002 3942 1247P 1610 <0.001
Affiliative recipient 0.57 0.55 1.02 0216  ns 151 1.28 0.40 0.85 039  ns
Stationary 42942 46752  67.05P 2105 <0.001  68.17 63.69 67.89 60.69 5115 ns
Locomotion 0232 0.63P 051 0083 <0.001 2.22 248 0.65 1.29 0969 ns
Concentrates - - - - - 3.042 5342  g840b  797P 1381 <0.05
Foraging - - - - - 1743 1326P 7582 5383 1726 <0.01
Feeding * 51.61¢  46.05° 24242 2196 <0.001 - - - - - -

* Concentrates and foraging have been grouped together as the grazed treatment did not have access to concentrates.
a-b represent significant differences between diets in each study.

There was a negative relationship (p < 0.001) between step count and rumen temperature.
Furthermore, Figure 4 shows there was a significant interaction between step count and diet,
with bulls that were grazed with ad libitum access to concentrates displaying a significantly more
negative relationship.
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Figure 4. The effect of step count on the rumen temperature of bulls on three different diets; (A) grazed
only, (B) grazed with 2 kg concentrate supplementation, and (C) grazed with ad libitum access to
concentrates. (A) y =-0.002534x + 38.85 2 (B) y = -0.002456x + 38.99 2 (C) y = -0.004077x + 39.06 b ab
represent significant differences between the interaction of step count and diet (p < 0.001).
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4. Discussion

Heat stress in dairy cattle has been shown to cause a rise in rumen temperature [39]. However,
mean ambient conditions observed in this study were considerably below the THI threshold for heat
stress of 65 outlined by Ammer et al. [39]. Therefore, the bulls in this study were not under an excessive
heat load, and rumen temperature is unlikely to have been affected by ambient conditions.

The mean rumen temperature from Study 1 and Study 2 is in agreement with that of AlZahal
et al. [40], but lower than that observed by Bewley et al. [8]. Although there was a marginally significant
interaction between behaviour and diet in Study 1, there was no consistent effect of diet on the mean
rumen temperature during the observational period. This is in agreement with the findings of Petzold
et al. [41] and Castro-Costa et al. [42] who offered high and low concentrate diets to periparturient
dairy cows and non-lactating goats, respectively. In contrast, other studies involving lactating [40]
and non-lactating dairy cows [43] have found that high concentrate diets result in a greater rumen
temperature, with a reduced rumen pH also being observed. This negative relationship between rumen
temperature and pH is characteristic of cattle undergoing a subacute ruminal acidosis challenge [40], the
intensity of which is compounded if the rumen environment is not sufficiently adapted to concentrate
feeding [9]. Therefore, as rumen temperature was consistent across the diets in this study;, it is unlikely
that the bulls were in an acidotic state.

Figure 2 indicates that concentrate feeding did, however, cause an immediate rise in rumen
temperature. Concentrates contain high proportions of easily fermentable carbohydrates [9,43] and
therefore are much quicker to ferment in the rumen than forage-based feeds. Furthermore, Tafaj
et al. [44] reported that fermentation was more intense within the top and middle layers of digesta
in the rumen. Thus, as recently ingested feed is located at the top of the rumen, fermentation occurs
imminently [44,45]. Therefore, heat, a by-product of fermentation, is generated soon after the ingestion
of concentrates, hence justifying the rise in rumen temperature observed in this study. Feeding
incidence was greatest for bulls on a grazed diet with no concentrate supplementation (Table 4).
Forage-based diets result in a slower intake rate in comparison to concentrate based diets [46]. Thus,
greater bouts of feeding would be expected in order to fulfill intakes.

Figures 2 and 3 show no significant difference between being the donor or recipient of affiliative
behaviour in terms of rumen temperature. In addition, rumen temperature during these behaviours
was not significantly different from agonistic or sexual interactions (with the exception of agonistic
behaviour of grazed bulls (Figure 3) which will be addressed later), thus indicating that it is difficult
to differentiate between behavioural interactions based purely on rumen temperature. The greater
incidence of affiliative behaviours for housed ad lib bulls in Study 2 may be reflective of tighter social
bonds. These bulls were also housed as a group of 14 during the summer when the other three dietary
groups were at grass; and, therefore, had spent longer in a housed environment. Confinement systems
are known to lead to increased stress levels [47], while affiliative behaviours often act as a displacement
activity [48]. Furthermore, affiliative behaviours have been shown to cause a calming effect for the
receiver, identified by a decline in heart rate in dairy cows [49].

As the two studies were not conducted at the same time, a direct comparison cannot be made
between behavioural incidences rates. However, combining the five behaviour groups which focus on
social interactions shows that a high incidence (13.58%) of these interactions occurred when bulls were
housed. As these bulls were in a confined environment, there would have been competition for feed
space or preferential lying space. Thus, an increase in displacements, and forcing other animals to
stand in order to gain access to feed, water, or lying space would be expected [50]. However, Kenny and
Tarrant [51] outlined that agonistic interactions were less intense within a confined space. Therefore, it
could be assumed that although agonistic interactions at grass were less frequent, they may have been
more intense.

The rumen temperatures observed during periods of agonistic or sexual behaviour show a less
pronounced rise than would have been expected [24], particularly as animals are considered to be
raised or excitable during such times. One potential reason for the observed results is that the bulls
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had not reached full sexual maturity at the time of observation; thus, these interactions may have
been less intense [52]. Furthermore, bulls were in a stable social group and had already established a
social hierarchy at the time of observation. Research had shown that agonistic and sexual interactions
are reduced within a stable social group [53]. Figure 3 shows that there was a degree of variation
between agonistic rumen temperatures of the three diets. That of the grazed bulls was particularly
low; access to the drinker was the only source of competition for these bulls; thus it could be suggested
that agonistic behaviours occurred around the time of drinking. Thus, rumen temperature may not
have fully recovered from the rapid decline associated with the intake of water [10]. Conversely,
agonistic interactions from the other two dietary groups are likely to have occurred around the time of
consuming concentrates, which may further account for the observed differences.

The negative relationship between rumen temperature and step count is contrary to what would
have been expected based on the findings of Gordon [54]. However, as further confirmed by the results
in Figure 2, water intake causes a significant decline in rumen temperature [10,11]. Therefore, the low
values in Figure 4 indicate that drinking is occurring during periods of both high and low activity.
Figure 4 also shows a considerable proportion of temperatures are >40 °C when step count is <100. This
is further supported by the results shown in Figure 3, where bulls had a significantly greater rumen
temperature when stationary compared to that during locomotion at grass. A negative relationship
between rumination time and activity in dairy cows has been well documented [55,56]. Thus, these
elevated rumen temperatures during predominately stationary periods are most likely caused by
rumination leading to additional heat production from rumen fermentation. Alternatively, behavioural
changes are commonly associated with ill-health, with animals displaying lethargic behaviour, during
which time they may exhibit a fever [57]. However, as no clinical signs of disease were observed during
this study;, it is unlikely that ill-health had any impact on rumen temperature.

5. Conclusions

In conclusion, diet had no consistent effect on rumen temperature. Significant differences in
rumen temperature were observed between behaviours of young bulls. However, the results show that
it is difficult to differentiate between behavioural interactions based purely on rumen temperature. All
temperatures observed were within the normal range for healthy cattle. Therefore, there is limited need
to take behaviour into account when using rumen temperature for the detection of ill-health in cattle.

Author Contributions: Conceptualization, N.H.R., FO.L.and G.A.; methodology, N.-H.R. and G.A.; formal analysis,
AW.G. and N.H.R,; investigation, N.H.R.; data curation, N.H.R.; supervision, EO.L. and G.A.; writing—original
draft preparation, N.H.R.; writing—review and editing, EO.L. and G.A.

Funding: This study was jointly funded by the Department of Agriculture, Environment and Rural Affairs for
Northern Ireland and AgriSearchNI.

Conflicts of Interest: All authors declare that there are no present or potential conflicts of interest among the
authors and other people or organizations that could inappropriately bias their work.

References

1. Burfeind, O.; Keyserlingk, M.A.G.V.; Weary, D.M.; Veira, D.M.; Heuwieser, W. Short communication:
Repeatability of measures of rectal temperature in dairy cows. J. Dairy Sci. 2010, 93, 624—627. [CrossRef]

2. Rose-Dye, T.K.; Burciaga-Robles, L.O.; Krehbiel, C.R.; Step, D.L.; Fulton, R.W.; Confer, A.W.; Richards, C.]J.
Rumen temperature change monitored with remote rumen temperature boluses after challenges with bovine
viral diarrhea virus and Mannheimia haemolytica. J. Anim. Sci. 2011, 89, 1193-1200. [CrossRef] [PubMed]

3. Buckham Sporer, K.R.; Weber, PS.D.; Burton, J.L.; Earley, B.; Crowe, M. A. Transportation of young beef bulls
alters circulating physiological parameters that may be effective biomarkers of stress. J. Anim. Sci. 2008, 86,
1325-1334. [CrossRef] [PubMed]

4. Timsit, E.; Assié, S.; Quiniou, R.; Seegers, H.; Bareille, N. Early detection of bovine respiratory disease in
young bulls using reticulo-rumen temperature boluses. Vet. . 2011, 190, 136-142. [CrossRef] [PubMed]


http://dx.doi.org/10.3168/jds.2009-2689
http://dx.doi.org/10.2527/jas.2010-3051
http://www.ncbi.nlm.nih.gov/pubmed/21169514
http://dx.doi.org/10.2527/jas.2007-0762
http://www.ncbi.nlm.nih.gov/pubmed/18344301
http://dx.doi.org/10.1016/j.tvjl.2010.09.012
http://www.ncbi.nlm.nih.gov/pubmed/20947394

Animals 2019, 9, 1000 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Rutherford, N.H.; Lively, FO.; Arnott, G. Evaluation of rumen temperature as a novel indicator of meat
quality: Rumen temperature, and haematological indicators of stress during the pre-slaughter period as
predictors of instrumental meat quality in bulls. Meat Sci. 2019, 158, 107913. [CrossRef]

Cooper-Prado, M.].; Long, N.M.; Wright, E.C.; Goad, C.L.; Wettemann, R.P. Relationship of ruminal
temperature with parturition and estrus of beef cows. J. Anim. Sci. 2011, 89, 1020-1027. [CrossRef] [PubMed]
Costa, ].B.G.; Ahola, ].K.; Weller, Z.D.; Peel, R K.; Whittier, ].C.; Barcellos, ].O.]J. Reticulo-rumen temperature
as a predictor of calving time in primiparous and parous Holstein females. ]. Dairy Sci. 2016, 99, 4839-4850.
[CrossRef]

Bewley, ].M.; Einstein, M.E.; Grott, M.W.; Schutz, M.M. Comparison of Reticular and Rectal Core Body
Temperatures in Lactating Dairy Cows. J. Dairy Sci. 2008, 91, 4661-4672. [CrossRef]

Kleen, ].L.; Hooijer, G.A.; Rehage, J.; Noordhuizen, J. Subacute ruminal acidosis (SARA): A review. J. Vet.
Med. Ser. A Physiol. Pathol. Clin. Med. 2003, 50, 406-414. [CrossRef]

Bewley, ] M.; Grott, M.W.; Einstein, M.E.; Schutz, M.M. Impact of Intake Water Temperatures on Reticular
Temperatures of Lactating Dairy Cows. . Dairy Sci. 2008, 91, 3880-3887. [CrossRef]

Cantor, M.C.; Costa, ].B.G.; Bewley, ]. M. Impact of Observed and Controlled Water Intake on Reticulorumen
Temperature in Lactating Dairy Cattle. Animals 2018, 8, 194. [CrossRef] [PubMed]

Kilgour, RJ. In pursuit of “normal”: A review of the behaviour of cattle at pasture. Appl. Anim. Behav. Sci.
2012, 138, 1-11. [CrossRef]

Estevez, I.; Andersen, I.-L.; Naevdal, E. Group size, density and social dynamics in farm animals. Appl. Anim.
Behav. Sci. 2007, 103, 185-204. [CrossRef]

Jago, J.G.; Cox, N.R;; Bass, J.J.; Matthews, L.R. The Effect of Prepubertal Immunization Against
Gonadotropin-Releasing Hormone on the Development of Sexual and Social Behavior of Bulls. J. Anim. Sci.
1997, 75, 2609-2619. [CrossRef]

Galindo, F; Newberry, R.C.; Mendl, M. Social Conditions. In Animal Welfare; Appleby, M.C., Olsson, ].M.,
Hughes, B.O., Eds.; CABI International: Wallingford, UK, 2011; pp. 228-245.

Partida, J.A.; Olleta, J.L.; Campo, M.M.; Sanudo, C.; Maria, G.A. Effect of social dominance on the meat
quality of young Friesian bulls. Meat Sci. 2007, 76, 266-273. [CrossRef]

Mohan Raj, A.B.; Moss, B.W.; McCaughey, W.].; McLaughlan, W.; Kilpatrick, D.J.; McCaughey, S.]. Behavioural
response to mixing of entire bulls, vasectomised bulls and steers. Appl. Anim. Behav. Sci. 1991, 31, 157-168.
[CrossRef]

Gutmann, A K.; Spinka, M.; Winckler, C. Long-term familiarity creates preferred social partners in dairy
cows. Appl. Anim. Behav. Sci. 2015, 169, 1-8. [CrossRef]

Val-Laillet, D.; Guesdon, V.; von Keyserlingk, M.A.G.; de Passillé, A.M.; Rushen, J. Allogrooming in cattle:
Relationships between social preferences, feedingdisplacements and social dominance. Appl. Anim. Behav.
Sci. 2009, 116, 141-149. [CrossRef]

Baldock, N.M.; Sibly, R.M. Effects of handling and transportation on the heart rate and behaviour of sheep.
Appl. Anim. Behav. Sci. 1990, 28, 15-39. [CrossRef]

Price, S.; Sibly, R.M.; Davies, M.H. Effects of behaviour and handling on heart rate in farmed red deer. Appl.
Anim. Behav. Sci. 1993, 37, 111-123. [CrossRef]

Oka, T,; Oka, K.; Hori, T. Mechanisms and mediators of psychological stress-induced rise in core temperature.
Psychosom. Med. 2001, 63, 476-486. [CrossRef] [PubMed]

Wahrmund, J.L.; Ronchesel, J.R.; Krehbiel, C.R.; Goad, C.L.; Trost, S.M.; Richards, C.J. Ruminal acidosis
challenge impact on ruminal temperature in feedlot cattle. J. Anim. Sci. 2012, 90, 2794-2801. [CrossRef]
[PubMed]

Jansen, A.; Nguyen, X.V. Central command neurons of the sympathetic nervous system: Basis of the
fight-or-flight response. Science 1995, 270, 644-646. [CrossRef] [PubMed]

Mounier, L.; Veissier, I.; Boissy, A. Behavior, physiology, and performance of bulls mixed at the onset of
finishing to form uniform body weight groups. J. Anim. Sci. 2005, 83, 1696-1704. [CrossRef] [PubMed]
Miranda-de la Lama, G.C.; Villarroel, M.; Maria, G.A. Behavioural and physiological profiles following
exposure to novel environment and social mixing in lambs. Small Rumin. Res. 2012, 103, 158-163. [CrossRef]
MacKay, J.R.D.; Turner, S.P.; Hyslop, J.; Deag, ] M.; Haskell, M.]. Short-term temperament tests in beef cattle
relate to long-term measures of behavior recorded in the home pen. J. Anim. Sci. 2013, 91, 4917-4924.
[CrossRef]


http://dx.doi.org/10.1016/j.meatsci.2019.107913
http://dx.doi.org/10.2527/jas.2010-3434
http://www.ncbi.nlm.nih.gov/pubmed/21169512
http://dx.doi.org/10.3168/jds.2014-9289
http://dx.doi.org/10.3168/jds.2007-0835
http://dx.doi.org/10.1046/j.1439-0442.2003.00569.x
http://dx.doi.org/10.3168/jds.2008-1159
http://dx.doi.org/10.3390/ani8110194
http://www.ncbi.nlm.nih.gov/pubmed/30384430
http://dx.doi.org/10.1016/j.applanim.2011.12.002
http://dx.doi.org/10.1016/j.applanim.2006.05.025
http://dx.doi.org/10.2527/1997.75102609x
http://dx.doi.org/10.1016/j.meatsci.2006.11.008
http://dx.doi.org/10.1016/0168-1591(91)90002-F
http://dx.doi.org/10.1016/j.applanim.2015.05.007
http://dx.doi.org/10.1016/j.applanim.2008.08.005
http://dx.doi.org/10.1016/0168-1591(90)90044-E
http://dx.doi.org/10.1016/0168-1591(93)90104-W
http://dx.doi.org/10.1097/00006842-200105000-00018
http://www.ncbi.nlm.nih.gov/pubmed/11382276
http://dx.doi.org/10.2527/jas.2011-4407
http://www.ncbi.nlm.nih.gov/pubmed/22408086
http://dx.doi.org/10.1126/science.270.5236.644
http://www.ncbi.nlm.nih.gov/pubmed/7570024
http://dx.doi.org/10.2527/2005.8371696x
http://www.ncbi.nlm.nih.gov/pubmed/15956479
http://dx.doi.org/10.1016/j.smallrumres.2011.08.007
http://dx.doi.org/10.2527/jas.2012-5473

Animals 2019, 9, 1000 13 of 14

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Haskell, M.].; Simm, G.; Turner, S.P. Genetic selection for temperament traits in dairy and beef cattle. Front.
Genet. 2014, 5, 18. [CrossRef]

MacKay, J.R.D.; Haskell, M.J. Consistent Individual Behavioral Variation: The Difference between
Temperament, Personality and Behavioral Syndromes. Animals 2015, 5, 455—478. [CrossRef]

Voisinet, B.D.; Grandin, T.; Oconnor, S.F; Tatum, J.D.; Deesing, M.]. Bos indicus cross feedlot cattle with
excitable temperaments have tougher meat and a higher incidence of borderline dark cutters. Meat Sci. 1997,
46, 367-377. [CrossRef]

Voisinet, B.D.; Grandin, T.; Tatum, ].D.; O’Connor, S.F; Struthers, ].J. Feedlot cattle with calm temperaments
have higher average daily gains than cattle with excitable temperaments. J. Anim. Sci. 1997, 75, 892-896.
[CrossRef]

Fell, L.R; Colditz, I.G.; Walker, K.H.; Watson, D.L. Associations between temperament, performance and
immune function in cattle entering a commercial feedlot. Aust. |. Exp. Agric. 1999, 39, 795-802. [CrossRef]
Burdick, N.C,; Carroll, J.A.; Hulbert, L.E.; Dailey, ].W.; Ballou, M.A.; Randel, R.D.; Willard, S.T.; Vann, R.C.;
Welsh, T.H. Temperament influences endotoxininduced changes in rectal temperature, sickness behavior,
and plasma epinephrine concentrations in bulls. Innate Immun. 2011, 17, 355-364. [CrossRef] [PubMed]
Burdick, N.C.; Randel, R.D.; Carroll, J.A.; Welsh, T.H. Interactions between temperament, stress, and immune
function in cattle. Int. J. Zool. 2011, 2011, 373197. [CrossRef]

Burdick, N.C.; Carroll, ].A.; Hulbert, L.E.; Dailey, ] W.; Willard, S.T.; Vann, R.C.; Welsh, T.H., Jr.; Randel, R.D.
Relationships between temperament and transportation with rectal temperature and serum concentrations
of cortisol and epinephrine in bulls. Livest. Sci. 2010, 129, 166-172. [CrossRef]

Miranda-de la Lama, G.C.; Pascual-Alonso, M.; Guerrero, A.; Alberti, P.; Alierta, S.; Sans, P.; Gajan, J.P.;
Villarroel, M.; Dalmau, A.; Velarde, A.; et al. Influence of social dominance on production, welfare and the
quality of meat from beef bulls. Meat Sci. 2013, 94, 432—437. [CrossRef]

Hahn, G.L.; Gaughan, ].B.; Mader, T.L.; Eigenberg, R.A. Thermal Indices and Their Applications for Livestock
Environments. In Livestock Energetics and Thermal Environmental Management American Society of Agricultural
and Biological Engineer; DeShazer, J.A., Ed.; American Society of Agricultural and Biological Engineers: St.
Joseph, MI, USA, 2009; pp. 113-130.

Finney, G.; Gordon, A.; Scoley, G.; Morrison, S.J. Validating the IceRobotics IceQube tri-axial accelerometer
for measuring daily lying duration in dairy calves. Livest. Sci. 2018, 214, 83-87. [CrossRef]

Ammer, S.; Lambertz, C.; Gauly, M. Is reticular temperature a useful indicator of heat stress in dairy cattle? J.
Dairy Sci. 2016, 99, 10067-10076. [CrossRef]

AlZahal, O.; Kebreab, E.; France, J.; Froetschel, M.; McBride, B.W. Ruminal temperature may aid in the
detection of subacute ruminal acidosis. J. Dairy Sci. 2008, 91, 202-207. [CrossRef]

Petzold, M.; Meyer, U.; Spilke, J.; Danicke, S. Using rumen probes to examine effects of conjugated linoleic
acids and dietary concentrate proportion on rumen pH and rumen temperature of periparturient dairy cows.
J. Anim. Physiol. Anim. Nutr. 2014, 98, 785-796. [CrossRef]

Castro-Costa, A.; Salama, A.A K.; Moll, X.; Aguild, J.; Caja, G. Using wireless rumen sensors for evaluating
the effects of diet and ambient temperature in nonlactating dairy goats. J. Dairy Sci. 2015, 98, 4646—4658.
[CrossRef]

Loholter, M.; Rehage, R.; Meyer, U.; Lebzien, P.; Rehage, ]J.; Danicke, S. Evaluation of a device for continuous
measurement of rumen pH and temperature considering localization of measurement and dietary concentrate
proportion. Landbauforschung 2013, 63, 61-68.

Tafaj, M.; Junck, B.; Maulbetsch, A.; Steingass, H.; Piepho, H.P.; Drochner, W. Digesta characteristics of dorsal,
middle and ventral rumen of cows fed with different hay qualities and concentrate levels. Arch. Anim. Nutr.
2004, 58, 325-342. [CrossRef] [PubMed]

Martin, C.; Devillard, E.; Michalet-Doreau, B. Influence of Sampling Site on Concentrations and
Carbohydrate-Degrading Enzyme Activities of Protozoa and Bacteria in the Rumen. Am. Soc. Anim.
Sci. 1999, 77, 979-987. [CrossRef]

Abijaoude, J.A.; Morand-Fehr, P.; Tessier, J.; Schmidely, P.; Sauvant, D. Diet effect on the daily feeding
behaviour, frequency and characteristics of meals in dairy goats. Livest. Prod. Sci. 2000, 64, 29-37. [CrossRef]
Jarvis, S.; D’Eath, R.B.; Robson, S.K.; Lawrence, A.B. The effect of confinement during lactation on the
hypothalamic-pituitary-adrenal axis and behaviour of primiparous sows. Physiol. Behav. 2006, 87, 345-352.
[CrossRef] [PubMed]


http://dx.doi.org/10.3389/fgene.2014.00368
http://dx.doi.org/10.3390/ani5030366
http://dx.doi.org/10.1016/S0309-1740(97)00031-4
http://dx.doi.org/10.2527/1997.754892x
http://dx.doi.org/10.1071/EA99027
http://dx.doi.org/10.1177/1753425910379144
http://www.ncbi.nlm.nih.gov/pubmed/20682590
http://dx.doi.org/10.1155/2011/373197
http://dx.doi.org/10.1016/j.livsci.2010.01.020
http://dx.doi.org/10.1016/j.meatsci.2013.03.026
http://dx.doi.org/10.1016/j.livsci.2018.05.014
http://dx.doi.org/10.3168/jds.2016-11282
http://dx.doi.org/10.3168/jds.2007-0535
http://dx.doi.org/10.1111/jpn.12139
http://dx.doi.org/10.3168/jds.2014-8819
http://dx.doi.org/10.1080/00039420412331273259
http://www.ncbi.nlm.nih.gov/pubmed/15570746
http://dx.doi.org/10.2527/1999.774979x
http://dx.doi.org/10.1016/S0301-6226(00)00173-1
http://dx.doi.org/10.1016/j.physbeh.2005.10.004
http://www.ncbi.nlm.nih.gov/pubmed/16332379

Animals 2019, 9, 1000 14 of 14

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.

Rind, M.L; Phillips, C.J.C. The effects of group size on the ingestive and social behaviour of grazing dairy
cows. Anim. Sci. 1999, 68, 589-596. [CrossRef]

Laister, S.; Stockinger, B.; Regner, A.M.; Zenger, K.; Knierim, U.; Winckler, C. Social licking in dairy
cattle—Effects on heart rate in performers and receivers. Appl. Anim. Behav. Sci. 2011, 130, 81-90. [CrossRef]
Winckler, C.; Tucker, C.B.; Weary, D.M. Effects of under- and overstocking freestalls on dairy cattle behaviour.
Appl. Anim. Behav. Sci. 2015, 170, 14-19. [CrossRef]

Kenny, EJ.; Tarrant, P.V. The Physiological and Behavioural Responses of crossbred Friesian Steers to
Short-haul Transport by Road. Livest. Prod. Sci. 1987, 17, 63-75. [CrossRef]

Nelson, R. Aggression and Social Behavior. In An Introduction to Behavioral Endocrinology; Sinauer Associates
Inc.: Sunderland, MA, USA, 1995; Volume 10, pp. 443-484.

Beilharz, R.G.; Zeeb, K. Social dominance in dairy cattle. Appl. Anim. Ethol. 1982, 8, 79-97. [CrossRef]
Gordon, C.J. A review of terms for regulated vs. forced, neurochemical-induced changes in body temperature.
Life Sci. 1983, 32, 1285-1295. [CrossRef]

Reith, S.; Brandt, H.; Hoy, S. Simultaneous analysis of activity and rumination time, based on collar-mounted
sensor technology, of dairy cows over the peri-estrus period. Livest. Sci. 2014, 170, 219-227. [CrossRef]
Minegishi, K.; Heins, B.J.; Pereira, G.M. Peri-estrus activity and rumination time and its application to estrus
prediction: Evidence from dairy herds under organic grazing and low-input conventional production. Livest.
Sci. 2019, 221, 144-154. [CrossRef]

Johnson, R.W. The concept of sickness behavior: A brief chronological account of four key discoveries. Vet.
Immunol. Immunopathol. 2002, 87, 443-450. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1017/S135772980005061X
http://dx.doi.org/10.1016/j.applanim.2010.12.003
http://dx.doi.org/10.1016/j.applanim.2015.06.003
http://dx.doi.org/10.1016/0301-6226(87)90052-2
http://dx.doi.org/10.1016/0304-3762(82)90134-1
http://dx.doi.org/10.1016/0024-3205(83)90802-0
http://dx.doi.org/10.1016/j.livsci.2014.10.013
http://dx.doi.org/10.1016/j.livsci.2019.02.003
http://dx.doi.org/10.1016/S0165-2427(02)00069-7
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study one: Bulls at Grass 
	Animals and Rumen Temperature 
	Observations 
	Activity Monitoring 

	Study Two: Bulls Housed 
	Animals and Rumen Temperature 
	Observations 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

