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ABSTRACT

Neonatal calves are relatively susceptible to heat
loss, and previous research suggests that reduced en-
vironmental temperatures are associated with reduced
average daily gain (ADG) during the preweaning
phase. Current methods of mitigating negative effects
of colder environmental conditions include the use of
calf jackets and the provision of supplementary heat
sources; however, previous research is limited. The aim
of this study was to evaluate the effect of calf jackets
and 1-kW heat lamps on the growth rates of prewean-
ing calves and evaluate associations between environ-
mental temperature and ADG using a Bayesian ap-
proach to incorporate both current and previous data.
Seventy-nine calves from a single British dairy farm
were randomly allocated at birth to 1 of the following 4
groups: no jacket and no heat lamp, heat lamp but no
jacket, jacket but no heat lamp, or both heat lamp and
jacket between January and April of 2021. Calves were
weighed at both birth and at approximately 21 d of
age. Temperature was recorded both inside and outside
of the calf building, and in pens both with and without
heat lamps using data loggers. To explore the effect
of treatment group and environmental temperature
on ADG, a fixed effects model was fitted over 1,000
bootstrap samples. The effect of environmental tem-
perature on ADG was further explored within a Bayes-
ian framework that used temperature and ADG data
for 484 calves from 16 farms available from a previous
trial as prior information. Calves housed under a 1-kW
heat lamp had an increased ADG of 0.09 kg/d (95%
bootstrap confidence interval: —0.02 to 0.20 kg/d), and
no effect of jacket or interactions between jacket and
heat lamp were found. A significant positive association
was identified between the mean environmental tem-
perature of the calf building and ADG, with a 1°C in-
crease in temperature being associated with a 0.03 kg/d
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increase in ADG (95% bootstrap confidence interval:
0.01 to 0.04 kg/d). Associations between environmental
temperature and ADG were further evaluated within a
Bayesian framework, and posterior estimates were 0.014
kg/d of ADG per 1°C increase (95% credible interval:
0.009 to 0.021 kg/d). This study demonstrated that
a 1-kW heat lamp was effective in increasing ADG in
calves, and no significant effect of calf jacket on ADG
was found. A significant, positive effect of increased pen
temperature on calf ADG was identified in this study
and was reinforced when including prior information
from previous research within a Bayesian framework.
Key words: average daily gain, calf, heat, jacket,
temperature

INTRODUCTION

Neonatal calves are prone to heat loss in cold condi-
tions due to low surface-to-mass ratio and poor insula-
tion (Roland et al., 2016). Unlike adult cattle, neonatal
calves are unable to generate heat through ruminal
fermentation (Collier et al., 1982). Thermoregulatory
mechanisms can take up to 2 mo to develop (Piccione
et al., 2003; Roland et al., 2016), meaning calves are
particularly susceptible to cold stress during the pre-
weaning phase of life.

Previous studies have suggested that environmental
temperatures can play an important role in growth
(Shivley et al., 2018; Hyde et al., 2021), morbidity (Urie
et al., 2018), and mortality rates (Hyde et al., 2020) of
preweaning calves. Some studies have suggested that
the ability of calves to adapt to colder environments is
dependent upon the availability of adequate nutrition,
with calves consuming more starter in colder than warm
environments, likely compensating for the increased
thermal demand (Nonnecke et al., 2009). Increasing
feeding levels in response to colder environments is not
uncommon. Reducing heat loss with the liberal provi-
sion of deep dry bedding has been advocated (Nord-
lund, 2008) to reduce the lower critical temperature
and eliminate a portion of the additional calorific re-
quirements when housed in cold environments (Lago et
al., 2006). In open barns, it is been suggested that mi-
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croenvironments are crucial, including being draft free
with adequate bedding (Roland et al., 2016). However,
there has been limited research into the specific effects
of temperature on ADG or on methods of providing
additional warmth for calves.

The use of both calf jackets and supplementary heat
sources, such as heat lamps, represent potential meth-
ods of providing warmer microenvironments for calves,
although few studies have been published evaluating
their effectiveness. Previous research into calf jackets
found no benefit in terms of ADG or immune function
(Earley et al., 2004), with subsequent studies also find-
ing no benefit in ADG (Scoley et al., 2019). Studies ex-
ploring the use of heat lamps have found that perinatal
calves show a strong preference for heat lamps and may
be associated with significant increases in ADG in very
early life (Borderas et al., 2009; Bhat et al., 2015). No
previous research has examined the potential effects of
heat lamp, jackets, and their combination.

A randomized controlled trial (RCT) is a stringent
trial design for determining relationships between an
intervention and outcome (Sibbald and Roland, 1998).
A factorial study design allows for the evaluation of
more than 1 intervention within the same RCT (Mont-
gomery et al., 2003) such as the effect of jacket or
supplementary heat on ADG.

The aim of this study was to conduct an RCT to
assess the effects of calf jacket or supplementary heat
on ADG in preweaning calves. A secondary aim was to
evaluate associations between environmental tempera-
ture and ADG using a Bayesian approach to incorpo-
rate both current and previous data.

MATERIALS AND METHODS

A 550-cow, all-year calving dairy farm in the United
Kingdom was recruited by convenience due to a rela-
tively large herd size, geographical location, and history
of accurate data recording.

All calves born between January 2, 2021, and April 6,
2021, were randomly assigned at birth in a 2 x 2 facto-
rial design to 1 of the following 4 groups: no jacket, no
heat lamp (CON), heat lamp but no jacket (H), jacket
but no heat lamp (J), or both heat lamp and jacket
(HJ). The treatment intervention (heat lamp, jacket,
or both) was provided immediately after allocation.
Randomization was performed using the sample func-
tion in R (R Core Team, 2020) and implemented using
a set of sealed envelopes containing group allocation
for farm staff to open upon calf enrolment. Blinding
of the farm staff to jacket or heat lamp usage was not
possible. Calves were weighed using a calf weigh crush
(Bateman) and weigh scale (Tru-test EZIWEIGH 5) at
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birth and 14 to 35 d of age, when beef and bull calves
would be sold, and dairy heifer calves were moved to
alternate housing. The weigh crush and weigh scale
were calibrated every 14 d using a known weight. Calf
identification, breed, sex, and intervention group were
recorded alongside birthweight and second weights. All
calves born during the trial period were enrolled in the
trial, and calves weighed <14 d between weights were
removed from the data set. Due to the limited number
of heat-lamp pens available, animals were excluded
from the trial when heat-lamp pens were fully occupied.

Calves were housed in individual pens (1.4 m x 1.0
m) with solid sides at 0.9-m height. Pens not under
heat lamps were arranged side to side in a row of 15
pens in each of the 4 quarters of the shed. Pens under
heat lamps were arranged in a square consisting of 4
pens, with 1 heat lamp being placed over the center of
all 4 pens at a height of approximately 1 m above the
bedding (i.e., 1 heat lamp shared across 4 pens). To
limit the effect of any potential within-shed variations,
1 group of pens both under heat lamp and not under
heat lamps were placed in each of 4 quarters of the shed.
Four heat lamps (Kiam) were set at 1 kW and were
left on continuously throughout the trial regardless of
environmental temperature. Data loggers (EL-USB-2,
LASCAR electronics) were placed in both pens with
and without heat lamps at 50-cm height within the calf
pen and recorded the environmental temperature every
15 min.

After calving, calves were removed from the dam and
fed 4 L of fresh cow colostrum as soon as possible, and
always within 6 h of birth. A second feed of 2 L of
fresh cow colostrum was fed approximately 6 h later.
Twice daily until 14 d of age, calves were then fed 3 L
of milk harvested from cows vaccinated with Rotavec
Corona (MSD Animal Health) and pasteurized at 60°C
for 60 min using a pasteurizer (Holm and Laue). Calves
were subsequently fed 4 L of milk replacer powder (Ad-
vanced Superstart 23% CP, 20% Fat, Advanced Sourc-
ing) twice daily at a concentration of 150 g/L. Starter
pellets (Calf starter 18% CP, ForFarmers) and fresh
water were provided ad libitum to all calves from birth.

Statistical Analysis

Statistical analysis was performed in R using the
tidyverse collection of packages (Wickham et al., 2019).
To determine an appropriate sample size, an a priori
sample size calculation was performed using the Size.
Full function from the BDFEsize package (Chung and
Lim, 2019). To detect a difference of 0.075 kg/d in
ADG, 17 calves would be required in each of the 4
groups at 80% power, a significance level set at P-value
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< 0.05, and a standard deviation of 0.15 kg/d, assuming
no interactions between treatment groups were present.

Models were fitted on 1,000 bootstrap samples to
provide robust estimates of both coefficients and model
performance, including 95% bootstrap confidence inter-
vals (BCI) calculated using lower and upper coefficient
quantiles of 2.5 and 97.5% across bootstrap samples
respectively, using the tidymodels collection of packages
(Kuhn and Wickham, 2020). The coefficients of deter-
mination for fixed effects models were calculated using
the broom package (Robinson et al., 2021). Bootstrap
P-values were calculated as 1 minus the proportion of
coefficient estimates on the majority side of zero. Vari-
ables with a bootstrap P-value < 0.05 were deemed
to have a high probability of having an effect size >
or < 0. The marginal (variation in pen temperature
explained when excluding the random effect of logger
identification) and conditional (variation in pen tem-
perature explained when including the random effect
of logger) coefficients of determination for mixed ef-
fects models were calculated using the MuMIn package
(Barton, 2020). Residuals were checked after a model
was fitted on the full data set (i.e., without bootstrap
resampling) for near normal distribution (Dohoo et al.,
2009).

Associations Between Treatment Group
and Environmental Temperature and ADG

To explore the effect of treatment group (CON, J, H
or HJ) on ADG, a fixed effects linear regression model
was fitted, and model parameters were estimated using
1,000 bootstrap samples. The model took the following
form:

Yi=p + 81X+ BoXo + B5X1:X5 + BuXy+ B5X5,+ ¢,

where Y; was the ADG of the ith calf. The coefficients
were represented by [, for jacket usage, (3, for heat
lamp usage, and (; as an interaction term between
jacket and heat lamp usage; (3, represented mean out-
side temperature (°C) and (35 breed; u represented the
intercept; and e represented the residual model error.
The assumed distribution of € was normal, with mean
zero and variance 0.

Bayesian Approach to Associations Between
Pen Temperature and ADG

Associations between environmental temperature
and ADG were further explored using a Bayesian ap-
proach. Prior information was obtained from previous
trial data (Hyde et al., 2021) including 484 calves from

Journal of Dairy Science Vol. 105 No. 4, 2022

16 farms with both ADG calculated from 2 weigh tape
measurements and temperature data for every day of
life between these 2 dates. The effect of temperature
on ADG was estimated using a mixed effects model as
follows:

Y = p + /61X12j+ U + 5277

where Y;;was the ADG of the ith calf on the jth farm;
0G4 represented the coefficient for the effect of environ-
mental temperature between birth and weaning on
ADG for the ith calf on the jth farm; p represented
the intercept; U, represented the random effect of log-
ger; and € represented the random error. The assumed
dlstrlbutlon of U; and ¢, was normal, with mean zero
and variance U and fe, respectlvely The distribution
of B, was used as a prior for a Bayesian model, such
that the posterior was the joint probability distribution
combining the prior and likelihood and for the outcome
ADG (Muth et al., 2018). Markov chain Monte Carlo
chains were used, with 3 chains and over 10,000 itera-
tions with the first 1,000 discarded as warm up using
the rstanarm package (Goodrich et al., 2020). Chains
were visually checked for convergence, and posterior
predictive checks over 100 repeats were conducted to
ensure distributions of simulated data were analogous
to the real data. Credible intervals (95%) were calculat-
ed using the posterior_interval function, and coefficient
of determination was calculated using the bayes R2
function within the rstanarm package (Goodrich et al.,
2020) based on Gelman et al. (2019).

Effect of Heat Lamp on Pen Temperature

To explore the effect of heat lamp usage on mean
daily pen level temperature, a mixed effects model with
data logger included as a random effect was built and
model parameters estimated using 1,000 bootstrap
samples. The model took the following form:

Y =p + ﬂ1X1LJ+ /82X2[J+ U + Em

where Y}; was the mean daily temperature of the ith day
for the jth data logger. The coefficient was represented
by 3, for the mean daily outside temperature and (3,
for heat lamp use as a binary categorical variable; pu
represented the intercept; U; represented the random
effect of logger; and ¢, the remdual error. The assumed
distribution of Uj; and €, was normal, with mean zero
and variance 0 U and 6e, respectively.

The study was conducted following ethical approval
from the University of Nottingham Committee for Ani-
mal Research and Ethics (3281 201116).
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Table 1. Descriptive results of weights, ages, and ADG by treatment group for 79 dairy calves randomly assigned at birth in a 2 x 2 factorial
design to 1 of 4 groups as follows: no jacket, no heat lamp; heat lamp but no jacket; jacket but no heat lamp; or both heat lamp and jacket

Number of calves Mean ADG Mean age at second Mean weight at Mean weight at
Group (female/male) (kg/d) weight (d) birth (kg) second weight (kg)
No lamp, no jacket 23 (8/15) 0.57 21 46.53 58.09
No lamp, jacket 22 (10/12) 0.57 19 45.38 56.30
Lamp, no jacket 17 (10/7) 0.61 18 45.79 57.02
Lamp and jacket 17 (9/8) 0.64 19 43.15 55.48
RESULTS ambient shed and outside temperatures (0.04°C), con-

A total of 117 calves were enrolled with both a birth-
weight and 14- to 35-d weight between January 2, 2021,
and April 6, 2021. Ear tag recording errors were made
when recording birth weights for 3 calves, and these
animals were removed from the data set. Heat lamp
pens were unavailable for 10 calves that were allocated
to the heat lamp group, and these animals were re-
moved from the data set. Twenty-five calves were sold
before a second BW measurement had been made and
were removed from the data set. Seventy-nine calves
were included in the final data set, consisting of 37
female calves and 42 male calves. Calf breed was pre-
dominantly Aberdeen Angus cross Holstein Friesian (n
= 66), with some Holstein Friesian (n = 8) and Belgian
Blue cross Holstein Friesian (n = 5), and the distri-
bution of both breed and sex across treatment groups
was checked to ensure relatively even distribution after
random allocation.

A total of 57,182 temperature recordings were taken
from 20 data loggers across the study period. For analy-
sis of the effect of heat lamp on pen temperature, there
were 323 pen-days available in the final data set. For
analysis of associations between treatment group, breed
and environmental temperature, and ADG, there were
79 calves with >14 d between weights.

Calves were weighed with a mean of 19 d (14-33 d)
days between weights, and the mean ADG of calves
was 0.59 kg/d (SD = 0.18 kg/d) across all calves, with
a mean ADG of 0.57 kg/d = (SD 0.17 kg/d) for CON,
0.57 kg/d (SD = 0.18 kg/d) for J, 0.61 kg/d (SD = 0.21
kg/d) for H, and 0.64 kg/d (SD = 0.16 kg/d) for HJ
groups, respectively (Table 1, Figure 1). The mean pen
temperature was 9.19°C (SD = 6.15°C), and mean daily
temperature ranged from —1.59°C to 25.16°C (Figure
2). The mean temperature of pens with heat lamps was
11.98°C (SD = 5.40°C, range = 3.67°C to 25.16°C) com-
pared with a mean pen temperature of pens without
heat lamps of 7.11°C (SD = 5.84°C, range = —1.59°C
t0 19.20°C). Therefore, the mean daily temperature was
4.9°C higher in pens with heat lamps than those with
no heat lamps. There was minimal difference between
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sistent with previous findings (Hyde et al., 2021).

Associations Between Treatment Group
and Environmental Temperature and ADG

Results from the final mixed effects model demon-
strated that calves housed under heat lamps had a
significantly increased ADG (0.09 kg/d, 95% BCI =
—0.02-0.20 kg/d, bootstrap P-value = 0.047, Table
2, Figure 3) than those without heat lamps. No effect
of jacket or any interactions between jacket and heat
lamp were found. An association between increased
mean environmental temperature and increased ADG
was identified, with a 1°C increase in building tem-
perature being associated with a 0.03 kg/d increase in
ADG (95% BCI = 0.01-0.04 kg/d, bootstrap P-value
= 0.002). A significant association between calf breed
was also found, with Belgian Blue cross calves grow-
ing faster (0.16 kg/d, 95% BCI = —0.03-0.30 kg/d,
bootstrap P-value = 0.036) and Holstein Friesian calves
growing slower (—0.16 kg/d, 95% BCI = —0.27-0.06
kg/d, bootstrap P-value <0.001) than the reference
breed Angus cross.

Bayesian Approach to Associations Between
Pen Temperature and ADG

Visual description of associations between pen tem-
perature and growth rates for the 16 farms supplying
data for the prior distribution and for the current study
farm are shown in Figure 4. The prior estimated from
the mixed effects model using data from the previous
trial was normally distributed (mean = 0.015 kg/d and
95% CI = 0.008-0.023 kg/d; increase in ADG per 1°C
increase). Likelihood estimates based on weakly infor-
mative priors were 0.014 kg/d (95% CI = 0.004-0.024
kg/d) per 1°C increase. Posterior estimates were 0.014
keg/d (95% CI = 0.009-0.021 kg/d) per 1°C increase,
and the median Bayesian coefficient of determination
was 0.11 (95% CI = 0.04-0.20). The distributions of
prior, likelihood, and posterior estimates are shown in
Figure 5.
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Effect of Heat Lamp on Pen Temperature

Outside environmental temperature and heat lamp
usage were both associated with pen temperature,
with a 1°C increase in outside temperature associated
with a 0.99°C increase in pen temperature (95% BCI
= 0.93-1.05°C), and heat lamp usage associated with
a pen temperature increase of 4.73°C (95% BCI =
4.43-5.01°C). Bootstrapped mean marginal coefficient
of determination was 80% (95% BCI = 0.75-0.83) with
a conditional coefficient of determination of 88% (95%
BCI = 0.85-0.91).

DISCUSSION

The results of this RCT suggested that 1-kW heat
lamps had a significant positive effect on ADG in pre-
weaning calves, and calf jackets were not significantly
associated with ADG. Results also suggested that ADG
in calves was significantly associated with environmen-
tal temperature. The positive effect of environmental
temperature on ADG identified in the current trial
was further reinforced when information from previous
research was integrated through a Bayesian modeling
approach. This represents an important factor for con-
sideration in the improvement of productivity of calves
on dairy farms.

Increasing temperatures in calf buildings without
supplementary heat input is likely to be extremely
challenging, and the current study data suggested that

1.00

0.75

0.50

Average daily gain (kg/d)

0.25

0.00

No jacket

without such heat sources, there would be minimal dif-
ferences between the internal and external temperature
of calf buildings, as found in both the current study and
previous studies (Hyde et al., 2021). The use of heat
lamps was associated with an increase in pen tempera-
ture of ~5°C, and calves housed under heat lamps in
the current study grew at a higher rate than those not
housed under a heat lamp. One-kilowatt heat lamps,
as used in this study, could be used to improve calf
growth rates in Great Britain and would be expected to
increase in growth rates in early life by ~90 g/d when
used in colder months.

Alongside improvements in productivity, previous
studies suggest that calves tend to show a preference
for heated areas, suggesting there may be a positive
welfare aspect to the use of heat lamps (Borderas et
al., 2009). Although heat lamps may represent a use-
ful adjunct to improve the ADG of preweaning calves,
there are both economic and safety considerations. A
1-kW heater uses 504 kWh per 21-d period. Based on a
mean electricity cost of £0.13 ($0.19) per kWh in 2020
(UK Government, 2021), the heater would cost £67.74
($94.27) per 21 d to run if left on constantly. This cost
would be split among 4 calves in the current study, at
a cost of £16.93 ($23.56) per calf. It may be possible to
share a heat lamp between a higher number of calves if
in a loose housed pen; however, there may be a disease
risk if large numbers of calves are crowding underneath
a heat lamp, which bears consideration. Further cost-
benefit analysis would be necessary to determine if the

Heat lamp

EI Lamp
E No lamp

Jacket

Figure 1. Average daily gain (kg/d) by intervention group for 79 dairy calves randomly assigned at birth in a 2 x 2 factorial design to 1 of
4 groups (boxplots left to right): no jacket and no heat lamp, heat lamp but no jacket, jacket but no heat lamp, or both heat lamp and jacket.
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Figure 2. Mean environmental temperature (°C) over time by logger location for data loggers placed in both heat lamp, and non-heat lamp
pens as well as both inside and outside the calf shed, recording the environmental temperature every 15 min.

running cost is likely to be a worthwhile investment for
the potential increases in ADG. The heaters used in
the current trial were left on continuously throughout
the trial. However, turning the heater on depending on
the ambient temperatures (i.e., only overnight, or only
when environmental temperatures drop below a speci-
fied level) may result in different levels of improvement
in ADG. Other heating schedules would be an interest-
ing area for further study that might reduce the overall
cost. The carbon cost of running heat lamps is also
worth consideration, although renewable energy gen-
eration may mitigate this depending on the electricity
source. It is also worth considering the safety aspects

of using heaters within livestock buildings. The heat
lamps in the current study were supported from steel
girders with steel cable to ameliorate the risk of heat
lamps being knocked into straw bedding, which could
have disastrous consequences.

The type of heater is also likely to be important,
and preliminary investigations suggested a more typical
250-W livestock heat lamp used for lambs or poultry
might only provide a ~1°C increase compared with
the ~5°C increase seen with a 1-kW heater suspended
above a calf pen at 1 m above bedding. It is also worth
noting that the data loggers used in this trial measured
environmental temperature and did not measure direct

Table 2. Linear regression model results of associations between treatment group, breed, and mean
environmental temperature, and ADG (kg/d) over 1,000 bootstrap repeats for 79 dairy calves randomly
assigned at birth in a 2 x 2 factorial design to 1 of the following 4 groups: no jacket, no heat lamp; heat lamp
but no jacket; jacket but no heat lamp; or both heat lamp and jacket!

Mean coefficient

Term (95% BCI) Bootstrap P-value
Intercept 0.39 (0.29-0.50)

Breed Blue (reference Angus) 0.16 (—0.03-0.30) 0.036
Breed Holstein (reference Angus) —0.16 (—0.27-0.06) <0.001
Jacket use 0.04 (—0.06-0.14) 0.231
Lamp use 0.09 (—0.02-0.20) 0.047
Lamp-jacket interaction —0.05 (—0.20-0.11) 0.276
Environmental temperature (°C) 0.03 (0.01-0.04) 0.002

"Mean coefficient of determination was 0.27 [95% bootstrap confidence interval (BCI): 0.13-0.44]. Coefficient
estimations for categorical variables are associated with the change in ADG (kg/d) associated with the vari-
able compared with the reference category being “no use” for lamp and jacket use and “Angus cross” for breed.
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Figure 3. Coefficient distributions for associations with ADG for 79 dairy calves randomly assigned at birth in a 2 x 2 factorial design to
1 of 4 groups: no jacket and no heat lamp, heat lamp but no jacket, jacket but no heat lamp, or both heat lamp and jacket. Coefficient estima-
tions for temperature represent the change in ADG (kg/d) associated with a 1°C change in outside environmental temperature, and coefficient
estimations for categorical variables are associated with the change in ADG (kg/d) associated with the variable compared, with the reference
category being “no use” for lamp and jacket use and “Angus cross” for breed.

radiant heat as might be measured with a black globe
temperature probe. However, increases in temperature
under heat lamps compared with no heat lamps as
measured by a black globe probe were comparable to
those recorded from the data loggers during prelimi-
nary investigations. There is a trade-off in calf housing
design between maintaining a warm environment for
the calves and the provision of fresh air crucial in re-
ducing the risk of respiratory disease (Nordlund, 2008).
Although pen temperature appears to be important in
calf growth, the pursuit of a warm environment at the
expense of adequate ventilation may increase the risk of
respiratory disease outbreaks.

As reported in previous studies (Earley et al., 2004;
Scoley et al., 2019), jacket usage was not significantly
associated with ADG. This finding is consistent with re-
sults from previous studies, and despite their relatively
common presence on farms, jackets by themselves are
unlikely to result in substantial improvements in ADG.
It was not possible in the current study to explore
physiological reasons why jackets were not effective in
improving ADG, but it is possible that the jacket usage
is simply not effective enough in mitigating heat loss to
detect a measurable improvement in ADG.

The RCT component of the current study was limited
to a single UK farm, and caution should be taken with
the extrapolation of these results to the wider industry,
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and particularly to different countries and climates.
Calves in this RCT were individually housed, and
although previous reports have suggested that calves
being physically active might increase heat production
and thus cold resistance (Roland et al., 2016), the hous-
ing of animals in relatively small pens might hinder the
ability of these animals to mitigate cold stress through
movement. Similarly, other behavioral adaptations to
cold such as crowing or huddling (Roland et al., 2016)
would not be possible in individual housing. It was
not possible to fully explore the physiological reasons
behind higher ADG of calves under heat lamps in this
study. However, it is possible that the calves under
heat lamps may have been expending less energy in
this warmer environment or were more active, and thus
consuming higher levels of solid feed, and future studies
might explore these areas further. Although breed type
was included within models to account for associations
between breed and ADG, a limitation of this study was
that the further exploration of associations between en-
vironmental temperature and ADG for different breed
types could not be fully explored in the current study
due to limited numbers of calves in breeds other than
Angus cross Holstein. Future studies might explore the
effect of providing heat lamps on different breed types
in more detail. Although the current study focused on
environmental temperature, it is possible that other
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environmental factors such as humidity and both air-
borne bacterial or noxious gas levels might be associ-
ated with ADG and could be explored in future studies.
One limitation of the current study is the relatively
high variability in ADG, which was higher than an-
ticipated when performing the sample size calculations.
Increased variability in weights at calf rather than
farm level during early life has been reported previ-
ously (Archer, 2021). However, due to the commercial
practices of the farm in the current study, it was not
possible to retain calves for longer periods of time to
reduce the variability in ADG and thereby increase the
likelihood of finding a significant result. Further work
should explore the effect of heat lamps and jackets over
a longer period of time to reduce the variability be-
tween calves. Analysis of the study population (Table
1) showed more calves did not receive lamps than did
receive lamps, and it is possible that farm staff might
not have recorded some of the cases when heat lamps
were available due to limited numbers. Instead of being
removed from the trial, they may have been allocated
to a group without heat lamps instead. As allocation
to treatment group was random, there were a higher
number of male than female calves in the CON group
and slightly more female calves than male calves in
the H group (Table 1). Due to the necessity of sharing
1 heat lamp between 4 pens, there were differences in
pen arrangement for calves under heat lamps (block of

4 pens) and those not under heat lamps (row of pens).
Even though it is possible that this difference may have
had some effect on the trial results, the authors feel this
risk was relatively small. Analysis of the effect of treat-
ment group on morbidity and mortality levels would be
interesting in future studies; however, the sample size
required for a binary, relatively low incidence outcome
was far in excess of the available calf numbers in this
instance. Cases of disease are likely to negatively affect
ADG (Windeyer et al., 2014), and larger trials may
be able to further explore both the effect of treatment
group on morbidity and mortality levels in addition to
any associations between morbidity and ADG.

A Bayesian approach allowed the incorporation of
both information excluding the trial data (prior) and
current data (likelihood) to form a final estimate (pos-
terior) of an association between a variable and a given
outcome (Spiegelhalter et al., 2004). The accuracy of
an estimate of associations between environmental tem-
perature and ADG is likely to be improved when incor-
porating both the data from the current trial and data
from previous research (Hyde et al., 2021) in a Bayesian
framework. Growth rates in early life are likely to be
multifactorial. Although this study focused primarily
on the effects of environmental temperature on ADG,
there are several other factors around stocking demo-
graphics, milk or colostrum feeding, and environmental
hygiene that are likely to be important (Hyde et al.,
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Figure 4. Descriptive summary of associations between mean pen temperature (°C) and ADG (kg/d) for 484 calves from 16 farms on the
previous trial (gray) and the 79 calves from the single farm on the current trial (black). Points represent individual calves and lines represent a

linear regression line for each farm.
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Figure 5. Descriptive presentation of prior, likelihood, and posterior estimates of associations between a 1°C increase in pen temperature and
ADG (kg/d). The shaded area represents the 95% credible intervals for the posterior distributions.

2021). The relatively low Bayesian R” for associations
between growth rates and environmental temperatures
(0.11) suggested there are other factors associated with
ADG in addition to the effect of environmental tem-
peratures demonstrated in the current study.

CONCLUSIONS

Results from this RCT demonstrated that 1-kW heat
lamps had a significant positive impact on the ADG of
preweaning calves on dairy farms during colder peri-
ods. Environmental temperature was positively associ-
ated with ADG in calves during colder periods, which
was reinforced when prior information from previous
research was integrated through a Bayesian modeling
approach. This represents an important factor for con-
sideration in the improvement of productivity of calves
on dairy farms.
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