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Abstract

The main objective of this study was to identify the influences of different climatic conditions
and cow-related factors on the respiration rate (RR) of lactating dairy cows. Measurements were
performed on 84 lactating Holstein Friesian dairy cows (first to eighth lactation) in Brandenburg,
Germany. The RR was measured hourly or twice a day with up to three randomly chosen meas-
urement days per week between 0700 h and 1500 h (GMT + 0100 h) by counting right thoraco-
abdominal movements of the cows. Simultaneously with RR measurements, cow body postures
(standing vs. lying) were documented. Cows’ milk yield and days in milk were recorded daily. The
ambient temperature and relative humidity of the barn were recorded every S min to calculate the
current temperature-humidity index (THI). The data were analyzed for interactions between THI
and cow-related factors (body postures and daily milk yield) on RR using a repeated measurement
linear mixed model. There was a significant effect of the interaction between current THI category
and body postures on RR. The RRs of cows in lying posture in the THI < 68, 68 < THI < 72 and
72 < THI < 80 categories (37, 46 and 53 breaths per minute (bpm), respectively) were greater than
those of standing cows in the same THI categories (30, 38 and 45 bpm, respectively). For each
additional kilogram of milk produced daily, an increase of 0.23+0.19 bpm in RR was observed.
Including cow-related factors may help to prevent uncertainties of RR in heat stress predictions.
In practical application, these factors should be included when predicting RR to evaluate heat
stress on dairy farms.

Key words: dairy cow, heat stress, temperature-humidity index, cow-related factors, naturally
ventilated barn

*Work financed from: OptiBarn project of the FACCE ERA-NET Plus Initiative Climate Smart
Agriculture and Scholarship from the Coordination for Improvement of Higher Education Personnel —
CAPES (Brazil).



470 S. Pinto et al.

Barn climate conditions are major contributors to animal stress in warm and
temperate climate zones (Legates et al., 1991). Heat stress in cows occurs when
the capacity for heat dissipation exceeds the range specified for normal activity and
induces body adjustments to avoid physiological dysfunction (Kadzere et al., 2002).
Therefore, heat stress in dairy cattle is considered as an important cause for reduced
production and animal welfare (West, 2003; Herbut et al., 2015). A combination
of ambient temperature and relative humidity as in the THI (temperature-humidity
index) formula is commonly used to estimate the effects of barn climate conditions
on heat load of cows (Heinicke et al., 2018; Herbut and Angrecka, 2018 a). The heat
stress threshold for dairy cows varies with a THI between 68 and 72 (Armstrong,
1994; Bryant et al., 2007; Zimbelman and Collier, 2011). In order to ensure homeo-
stasis and facilitate the release of excess metabolic heat into the environment, cat-
tle adjust their behavior and physiological reactions (Berman, 2005; Soriani et al.,
2013). Heat stress can be evidenced by its effects on the performance of dairy cows,
but these signs only become apparent late after the onset of heat stress (Moallem et
al., 2010; Schueller et al., 2014). In contrast, the physiological parameter respiration
rate (RR) has been shown to be a reliable and early indicator of heat stress in dairy
cows (Kabuga, 1992; Gaughan et al., 2000; Chen et al., 2015). In addition, measur-
ing RR has the advantage of being a non-invasive method that can determine stress
in dairy cows without causing additional disturbance to the animals (Aharoni et al.,
2005).

The RR of dairy cattle under thermo-neutral conditions ranges from 15 to
36 breaths per minute (bpm) (Rosenberger, 1990; Jackson and Cockcroft, 2008)
and is influenced by THI and cow-related factors as body postures and milk yield
(Kadzere et al., 2002; Berman, 2003). In a previous study of eight lactating Holstein
dairy cows, the average observed RR was 60 bpm under THI = 69.340.5 and 87 bpm
during exposure to heat stress (THI = 74.1£0.3) (Ominski et al., 2002). In addition to
THI, various factors can influence the susceptibility of dairy cows to heat stress, such
as sex, breed, body postures, lactation phase and milk production as well as shading
and lack of shade (Gaughan et al., 2000; Berman, 2005). Despite being performed
under similar THI range of 69 to 72, several studies of dairy cows have reported very
different RR data, for example, 38.641.54 (mean+SEM) bpm in Costa et al. (2015 a),
50+2.4 (mean+=SEM) bpm in Kendall et al. (2007), and 88+16.5 (mean+SD) bpm in
Chen et al. (2015). Although studies of heat stress in dairy cows have demonstrated
the impact of heat load on RR, body postures and milk yield have been considered as
potential influential variables in previous data analyses.

Body posture is important as recumbent animals may show heat stress at low-
er temperatures than do standing animals (Berman, 2005; Herbut and Angrecka,
2018 b), and cows prefer to ruminate in a lying posture (Acatincai et al., 2010). In
addition, high yielding cows have a higher risk to suffer from heat stress in elevated
temperatures (Kadzere et al., 2002; Gauly et al., 2013).

Based on current knowledge (Gaughan et al., 2000; Kadzere et al., 2002; Ber-
man, 2005), the precise assessment of heat stress in dairy cows under varying THI
requires the inclusion of cow-related factors such as body postures and milk yield
into the assessment. In our study, we tested the hypotheses that: cows under high THI
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conditions show higher RRs; lying cows show higher RRs than standing cows; and
cows with higher milk yields have higher RRs under different THI. Therefore, the
objective of the present study was to evaluate the effects of barn climate conditions
and cow-related factors, specifically, body postures (i.e., standing or lying) and daily
milk yield, on the RR of lactating dairy cows.

Material and methods

Animals, housing and management

The study was conducted on the research dairy farm of the Agricultural Re-
search and Education Center for Animal Breeding and Husbandry “Gross Kreutz” in
Brandenburg, Germany (coordinates: 52°23'47.4"N, 12°46'02.8"E). The climate of
this region is continental.

The data were collected during two time periods from June to August 2015 (hot
period) and from January to April 2016 (cold period). The measurement days were
chosen randomly based on expected weather conditions to cover a wide range of dif-
ferent situations. The experimental barn was designed for a capacity of 51 cows. The
experimental animals were all lactating Holstein Friesian dairy cows from the first to
eighth lactation. The group was a high-yielding group, and cows that dropped below
30 kg milk per day usually left the group within a few days. During the experimental
period, the health status of the cows was constantly evaluated by a veterinarian who
selected only healthy cows for the measurements. The cows were milked 3 times a
day by an automatic milking system (AMS, Lely Astronaut A4, Maassluis, the Neth-
erlands). The average daily milk yield was 41.08+6.72 kg per cow and the minimum
yield observed in this high-yielding group was 25 kg per cow. The days in milk
(DIM) ranged from 7 to 337 (mean+SD: 118.3+67.1) during the study. Once a week,
the body condition score (BCS) of the cows in the experiment was assessed, and the
mode of the scores was 2.75 on a 1 to 5 point scale with 0.25 increments.

The cows were fed a totally mixed ration twice a day. Additional concentrate was
fed in the AMS based on individual DIM and milk yield. The animals were housed in
a naturally ventilated barn, as already used by Heinicke et al. (2018) and by Hempel
et al. (2018), aligned in an NE-SW orientation with a floor area of 686 m? (13.7 m?
per cow). The feeding alley was 27.7 m long (animal feeding place ratio of 1:1). The
cows had access to 51 lying cubicles with a mixture of straw and lime as bedding
material, 34 of which were arranged in a double row and 17 in a single row. An auto-
matic scraper removed manure from the concrete walking alleys approximately once
per hour. The waiting area in front of the AMS had a slatted floor.

Animal measurements

The RR was observed visually by counting right thoracoabdominal movements
for thirty seconds and multiplying the value by two (i.e., breaths per minute, bpm)
at a distance of approximately 15 m between the animal and the observer, which
is a method adapted from Kabuga (1992). In a pilot test, three was determined as
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the appropriate number of observers to reduce the variation in RR measurements
between observers, so three observers were used for RR measurements during the
experimental period. In the pilot test, the maximum difference found between two
observers was 6 bpm, and the average relative difference between observers based on
this maximum was 25.4% (95% confidence limits: 21.2 to 30.2%) or approximately
1.5 bpm as an absolute value.

Two RR datasets were collected. The first dataset was collected from a group
of 30 multiparous cows per day, whose RR was measured two times per day (i.e.,
between 0700 h and 1000 h and between 1100 h and 1400 h; GMT + 0100 h). For
the second dataset, the RR of 15 primiparous and multiparous cows per day was
observed hourly (i.e., from 0700 h to 1500 h; GMT + 0100 h). At the beginning of
both time periods the cows were randomly selected from the herd and always the
same cows were used per experimental day. Between the measurement days, some
cows were replaced by others due to management decisions (e.g., health status, milk
yield, dry period stage). Therefore, a total of 84 cows were included in the analysis
over the whole time period. The cows were categorized into three lactation number
groups and two DIM subgroups as follows: first and second lactation with subgroups
in DIM < 100, in DIM > 100 and cows in the group of third or greater lactation
without further subdivision into DIM groups. According the lactation number and
DIM, there were some cows participating in both dataset collections. The time of
the data collection was chosen to comprise a representative range from low to high
ambient temperatures during the day period. Both datasets were collected during
both time periods in 2015 and 2016, with up to three measurement days per week.
This approach was used to account for variability between cows and within cows.
Thirteen cows were present during both measurement periods. Cow body postures
(i.e., standing vs. lying) was documented during the RR measurements. Relevant
cow data (i.e., milk yield and DIM) were noted from the herd management system
(Herde 5.9, DSP-Agrosoft GmbH, Ketzin, Germany).

Environmental measurements

The ambient temperature (AT) and relative humidity (RH) of the air in the barn
were recorded every 5 min with eight data loggers (EasyLog USB 2+, Lascar Elec-
tronics Inc., Whiteparish, UK) positioned 3.4 m above the floor at eight locations
inside the building according to the methodology published by Hempel et al. (2018).
Mean AT and mean RH of all loggers were calculated at each time point. The temper-
ature-humidity index was calculated according to NRC (1971) as follows:

THI = (1.8 x T°C + 32) — (0.55 — 0.0055 x RH) % (1.8 x T°C — 26)

where:

T°Cis the dry bulb temperature (in °C) and RH is the relative humidity (in %).
The categories of THI for heat stress in dairy cattle were assigned according to Zim-
belman and Collier (2011), adapted from Armstrong (1994), as follows: THI < 68 as
no stress; 68 < THI < 72 as the stress threshold; 72 < THI < 80 as mild stress; 80 <
THI < 90 as moderate stress, and THI > 90 as severe stress.
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Statistical analysis

The data from both datasets of RR collections were pooled for statistical analy-
sis. Initially, the RR values were linked to the THI values from the start of every
five-minute interval for the analysis. A regression analysis of RR as a function of
THI was performed separately for standing and lying cows. An exponential function
with base “e” was fitted to the observed RRs. To allow comparisons with the stress
levels found in the literature, THI was classified as described above in Environmen-
tal measurements. A linear mixed model with repeated measurements for each cow
was used to test the influences of the environmental and cow-related factors (body
postures, daily milk yield) on RR. The model assumed normally distributed residu-
als with homogeneous variance, and these prerequisites were checked visually after
fitting the model. The lactation number category was not included in the model,
because the measurements during the trial periods were not carried out with the
same cow in different lactations. The fixed factors in the model were THI category
(THI < 68 no stress; 68 < THI < 72 stress threshold; 72 < THI < 80 mild stress; 80
< THI < 90 moderate stress, and THI > 90 severe stress) and body postures (stand-
ing vs. lying). The interaction between body postures and THI category was also
included. The co-variables were daily milk yield and the interaction of daily milk
yield with THI category. The random cow effect considered a cow-specific intercept,
as well as an interaction between body postures and THI category. The model was as
follows:

Yijkl =utp + thzf/, + (p x thi)ij +td +a-dmy+ bj ~dmy +cow,, +p, + thijk +
(p thz)ijk te,

where:

Y., is the observed RR on the kth cow during the /th measurement in postures i
and in temperature-humidity index category j on the mth test-day, 4 is the mean RR,
p, is the cow’s body postures, thiiﬂ is the temperature-humidity index category, td is
the fixed test day effect, dmy is the daily milk yield with the regression coefficient
o for the general slope and the regression coefficient bj for the interactions with the
THI category, cow,, is the random cow effect with p, and thijk as cow-specific pos-
tures and THI category effects, and € is the residual.

A variance component covariance structure was used for random effects and
repeated measurements. Factor influences were tested at a significance level of
0.05. The differences between the factor levels of the significant factors were post
hoc tested by t-tests in multiple pairwise comparisons. The P-values of those multi-
ple comparisons were adjusted by a simulation of the true 95%-quantile of the con-
trasts, maintaining a global significance level of 0.05. Model viability was checked
by a visual examination of the residuals (homogeneity of variance and nor-
mality). All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC,
USA).
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Results

Environmental parameters

Overall, the mean values for AT, RH, and THI during the measurements (from
June 2015 to April 2016) were 17.72+8.83°C (mean+SD), 74.02+18.39%, and
61.82+13.52, respectively. Table 1 shows the monthly barn climate conditions dur-
ing the experimental period of the present study.

Table 1. Barn climate characteristics during the experimental period (June 2015 to April 2016)

Temperature (°C) Relative humidity (%) Temperature-humidity

index
MeaniSD| Min | Max | Mean+SD | Min | Max | Mean+SD | Min | Max
2015
June 22.4+38 141 294  553+129 324 87.1 684+4.5 575 76.1
July 21.4+4.4 13.6 313  63.8+14.5 34.4 93.5 67.7£55 56.6 793

August 23.545.1 16.0 345 70.9+17.1 36.2 955 709+6.5 60.7 85.1
2016

January 4.7+49 83 11.9  94.9+5.2 77.6 99.8  40.8+£8.9 17.8  53.6
February 45+£2.7 09 102 92.0+8.2 727 100.0  40.7+5.2  30.6 515
March 6.4+2.0 03 1.1 91.9+£7.9 60.9 100.0 44.1+39 31.8 532
April 12.1£3.2 59 205  76.2+11.6 54.5 95.1 542+52 435 670

Animal-related parameters

The dataset of 2922 animal observations (i.e. THI < 68: 1536; 68 < THI < 72:
342; 72 < THI < 80: 784 and 80 < THI < 90: 260) from a total of 84 cows with be-
tween two and nine observations per day each during the whole experimental period
of 54 days was included in the model. Table 2 shows the mean RR for lying and
standing cows in different THI categories including the effect on RR among THI cat-
egories. The RR differed significantly between all THI categories and body postures
(lying vs. standing), except for between the postures in the 80 < THI < 90 category.
In the categories with THI values less than 80, lying cows showed higher RRs than
standing cows. There were significant interactions between THI category and body
postures (P<0.01). In both standing and lying cows the RR increased with increasing
THI value (Table 2).

There was a significant influence of milk yield of cows on RR in different THI
categories (P=0.0056). Figure 2 shows the regressions and confidence limits of the
effect of body postures (standing vs. lying), daily milk yield of cows in kg produced
per day and in different THI categories. The average increase in RR was 0.2340.19
(meansstandard error) per additional kg of milk produced beyond a 25 kg daily milk
yield (Figure 2). Cows with a high milk yield of 60 kg per day tended to present
higher RR (9 bpm) than cows with a low milk yield of 25 kg per day.
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Table 2. Least-square means of respiration rate (RR in bpm) for interactions of different cow postures

and temperature-humidity index (THI) categories (n = 84 cows)

Respiration rate Respiration rate
THI category Standing posture Lying posture P-value
mean SEM? mean SEM?

THI < 68 30.0 0.78 36.9 0.85 <0.01
68 <THI <72 37.9 0.99 46.1 1.37 <0.01
72 <THI <80 44.6 0.88 52.7 1.07 <0.01
80 <THI<90 75.4 1.39 68.9 2.14 0.07
P-value <0.01 <0.01

2Standard error of the mean (SEM).

Multiple custom pairwise comparison was performed (0=0.05).

P-values in the last column indicate respiration rate differences according to body postures.
P-values in the last row indicate respiration rate differences according to THI categories.

RR increased with increasing THI category (P<0.001) regardless of body pos-
tures. Figure 1 shows data of individual cow RR in bpm in different body postures
(standing vs. lying) depending on the THI category. High variability of RR among
cows was observed under identical THI conditions. The variability increased with

increasing THI.
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Figure 1. Individual cow respiration rate per minute with regard to body postures: standing (+) and lying
(0). The dotted line denotes the regression analysis for the standing posture, and the solid line denotes

the regression analysis for the lying posture
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Figure 2. Respiration rate (RR) in breaths per minute (bpm) of cows in different body postures (standing

vs. lying), including daily milk yield of cows and in different THI categories (THI < 68; 68 < THI < 72;

72 < THI < 80 and 80 < THI < 90). Regressions (lines) as well as the 95% confidence limits (shaded
bands) for mean RR as a function of milk yield are shown

Discussion

Effects of THI on physiological parameters such as RR have been document-
ed before (Kabuga, 1992; Brown-Brandl et al., 2005; Chen et al., 2015) and were
confirmed by our study. In the present study, the data showed a RR of 30+8.51
(mean+SD) bpm for standing cows and a RR of 37+11.1 bpm for lying cows at
THI below 68. Jackson and Cockcroft (2008) reported that the physiological RR of
cows ranges from 15 to 36 bpm, but like in other previous studies no differentiation
was made between standing and lying posture. However, the results of our study
differ from results of Garner et al. (2017), who considered THI between 55 and 61
as thermoneutral conditions for high-yielding dairy cows (mean daily milk yield:
23 kg/cow) and observed RRs between 43 and 56 bpm. We supposed that the RR do
not differ solely due to the THI conditions to which the cows were subjected in this
study. Various factors such as body postures and milk yield may influence the respi-
ration rate of cows. Some works confirm that the individual cow factors can influence
the physiological parameters and susceptibility of dairy cows to heat stress (Gaughan
et al., 2000; Berman, 2005), however, those cow factors were not included in the
analysis of Jackson and Cockcroft (2008) and Garner et al. (2017). Further studies
(using the same THI formula) in which THI < 62 (recently freshened cows; Spiers et
al., 2004), and THI <75 (non-lactating multiparous cows; Ferrazza et al., 2017) were
defined as no heat stress conditions observed different RR results as 59 bpm and
39 bpm, respectively. Therefore, there seemed to be an effect of lactation period and
milk yield on the RR of cows, even under thermoneutral conditions.
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The mean RR in the 68 < THI < 72 category increased by 21.9% (9 bpm units)
compared to that in cows under THI < 68 conditions. The THI of 68 is considered
as the heat stress threshold of dairy cows (Bryant et al., 2007; Zimbelman and Col-
lier, 2011). When THI increased to > 80 in our study, RR increased by 39 bpm over
those observed under THI < 68 conditions. Influences of heat stress on RR were
also observed in a study with eight steers carried out by Brown-Brandl et al. (2005),
in which RR differed by 15 bpm between baseline and heat stress levels. The more
significant increase in our study may be explained by the use of high-yielding dairy
cows instead of steers. In another study conducted with eight lactating cows (pro-
ducing 37.4 kg of milk per day), RR increased from 60 bpm (THI = 69) to 87 bpm
(THI = 80; Ominski et al., 2002).

Based on THI conditions of 68 < THI < 72, an average bpm of 42+11.9
(mean+SD) was observed in our study. This RR value is comparable to the value
(37 bpm) reported in a previous study but with a mean THI of 74 (Ferrazza et al.,
2017). Previous studies described large variation among cows under similar environ-
mental conditions. The RR varies among different studies in THI conditions < 73,
with reported RR values of 544+2.4 (mean+SEM) bpm (Kendall et al., 2007), 60£1.9
bpm (Ominski et al., 2002) and 67+3.7 bpm (Brown-Brandl et al., 2005; Costa et al.,
2015 b). Our study confirms a high variability in RR (28 to 38 bpm) among cows un-
der conditions of THI < 68. In dairy cows under an average THI condition of 74, Fer-
razza et al. (2017) observed a RR variation between 26 and 61 bpm. It is plausible to
assume that the observed variability in RR is indicative of differences in heat stress
adaption among cows (Kendall et al., 2007). Hence, the cows are not adapted to hot
conditions, the cows tend to react individually and might reduce the milk production
and animal welfare (Herbut and Angrecka, 2013).

Measurement locations also played a role in our study: although our environ-
mental data were collected by eight loggers positioned in different locations inside
the building at 3.4 m height, THI varied by up to£2 units among locations within the
barn, which is in agreement with a previous study (Hempel et al., 2018). Microcli-
mates can be observed in different areas within a given barn (Herbut et al., 2015).
Our study had a distinctively greater spatial resolution of THI measurements due to
the higher number of loggers inside the barn, a real environmental situation could
not be observed. However, Hempel et al. (2018) affirmed that positioning of the log-
gers between 3.4 and 4 m height is suitable for a representative presentation of the
barn environment because below this range (i.e., in animal occupied zone), devia-
tions in relative humidity of the environmental data can be observed. In addition, in
most studies investigating heat stress in the field, ambient temperature and humidity
measurements were obtained either from nearby weather stations or on site at one or
two locations (Schueller et al., 2014).

Several factors must be considered when investigating the relationship between
THI and RR. Previous studies reported influences of the body postures on the wind
convection of cows. Lying cows show a decrease of 42% of the body surface area in
heat dissipation compared to standing cows (Frazzi et al., 2000; Wang et al., 2018).
To our knowledge, this is the first study reporting that body postures influenced RR
under different THI conditions. The influences of individual cow factors such as milk
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yield, body condition and behavior on the physiological reactions of cows has been
described in previous studies (Tucker et al., 2008; Schutz et al., 2010; Gauly et al.,
2013). However, these previous studies did not focus on the influences of cow-relat-
ed factors such as body postures on the RR of heat-stressed dairy cows. Our results
show that the RR values of lying cows were significantly greater than those of stand-
ing cows under the same THI conditions. Cows in a lying posture showed 7+0.51,
8+1.32, and 8+0.88 (mean+SEM) bpm more than did standing cows under no stress,
at the stress threshold, and in mild heat stress, respectively. The importance of body
postures suggests that lying cows may develop heat stress earlier and at a lower tem-
perature threshold than do standing cows (Berman, 2005). The straw bedding used
in the present study might increase the heat load in lying cows; hence standing cows
are more exposed to airflow and increase the wind convection (Wang et al., 2018). In
THI conditions > 74, cows avoided to rest on the straw bedding during the day (An-
grecka and Herbut, 2017). In addition, some authors have suggested that the body
contours of cows change when they lie down, causing the rumen to compress the
diaphragm and thereby reducing lung capacity and respiration effectiveness (Santos
and Overton, 2001; Tucker et al., 2008; Reece and Rowe, 2017). This phenomenon
was observed in our results even under low or absent heat stress conditions.

In conditions of THI > 80, the cows showed no significant differences in RR due
to body postures. We observed that when cows were already under high heat stress
conditions, body postures was not a load factor for RR response, with an average RR
of 72 bpm. The prevalence of RRs of approximately 70 to 80 bpm suggests that these
RRs provide heat stress relief for the cows (Stevens, 1981; Berman, 2005). High RR
values are associated with long periods of standing to release heat efficiently by wind
convection and avoid the breathing discomfort of lying down (Frazzi et al., 2000;
Berman, 2005; Wang et al., 2018). Soriani et al. (2013) observed a negative relation-
ship between rumination time and respiration rate in lactating cows under heat stress
conditions, although rumination time in the lying down postures enhances produc-
tion as well as cow comfort (Acatincai et al., 2010; Herbut and Angrecka, 2018 a).

Our results demonstrated significant differences in RR in bpm with respect to
daily milk yield in addition to body postures. The RR increased with increasing daily
milk yield. The respiration rates of cows with a milk yield of 60 kg per day were
9 bpm higher than those of cows with a 25 kg milk yield per day. High-yielding cows
are likely to be more affected by THI increases, because of the metabolizable energy
used for milk production (Hahn, 1999; Kadzere et al., 2002), where high-producing
cows have significantly more heat to dissipate than low-producing cows (West, 2003;
Herbut et al., 2015). Published studies considering RR reactions in relation to milk
yield in dairy cows are not common. In a recent study with lactating cows conducted
by Santos et al. (2017), the authors did not observe changes in RR with regard to
milk yield level, although, the cows included in their study had an average milk yield
of 20 kg in comparison with 41 kg in the present study. Furthermore, Dikmen and
Hansen (2009), who conducted a study about rectal temperature in lactating cows,
did not identify a relationship between milk yield and rectal temperature.

In conclusion, the present study provides quantified evidence that the respiration
rate (RR) in dairy cows increases with THI. The effects of body postures and milk
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yield on RR under different THI conditions were determined. Cows in a lying pos-
ture showed higher RRs than standing cows in “no stress” (THI < 68), “stress thresh-
old” (68 < THI < 72) and “mild stress” (72 < THI < 80) THI categories. The RRs in
high-producing cows (> 25 kg milk per day) increased for each additional kilogram
of milk produced. The consideration of cow-related factors (body postures and milk
yield) can reduce the uncertainty in the correlations between RR data and heat stress
assessments. Further research is necessary to verify whether body postures and milk
yield influence the RR of lactating dairy cows under hot climate conditions and un-
der different management strategies for heat stress relief (e.g., cooling). Our results
support the use of RR as an early heat stress indicator. Determining the differences
between cows within the same THI category with greater precision will require the
development of an RR sensor or a corresponding learning algorithm for individual
animals.
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