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Abstract
Thermal stress can result in productivity losses, morbidity, and mortality if proper management practices are not 
employed. A basic understanding of the relationship between animals and the thermal environment is crucial to assess 
the environment’s impact on livestock performance. Therefore, the study objective was to evaluate whether different early 
life thermal stressors (ELTS) altered the temperature preference of pigs later in life. Twelve sows and their litters were 
randomly exposed to 1 of 3 ELTS treatments from 7 to 9 d of age: early life heat stress (ELHS; cycling 32 to 38 °C; n = 4), early 
life cold stress (ELCS; 25.4±1.1 °C without heating lamp; n = 4), or early life thermoneutral (ELTN; 25.4±1.1 °C with a heating 
lamp; n = 4) conditions. From 10 to 20 d, (weaning) all piglets were exposed to ELTN conditions. At weaning, pigs were 
randomly assigned to groups of 4 of the same sex and ELTS treatment. Temperature preference, where pigs freely choose 
a temperature, was assessed in 21 groups (n = 7 groups per ELTS treatment) using 1 of 3 thermal gradient apparatuses (22 
to 40 °C). Testing began at 26 ± 1.3 d of age to give pigs time to acclimate to solid food after weaning and 1 group per ELTS 
treatment were tested simultaneously in each apparatus. Pigs were given 24 h to acclimate followed by a 24-h testing 
period. Behavior (active and inactive), posture (upright, sternal, and lateral lying), and location were documented every 
20 min using instantaneous scan samples. Preferred feeding temperature was determined by the latency to empty a feeder 
in each location. Data were analyzed using PROC MIXED in SAS 9.4. A cubic regression model was used to calculate the 
peak temperature preference of pigs based on the temperature pigs spent most of their time. The preference range was 
calculated using peak temperature preference ±SE for each ELTS treatment group. Early life thermal stress altered where 
pigs spent most of their time within the thermal gradient (P = 0.03) with ELTN pigs preferring cooler temperatures (peak 
preference of 23.8 °C) compared with their ELCS exposed counterparts (peak preference of 26.0 °C; P < 0.01). However, 
ELHS exposed pigs (peak preference of 25.6 °C) did not differ in their temperature preference compared with ELTN or ELCS 
exposed counterparts (P > 0.05). In summary, ELCS exposure altered pig temperature preference later in life indicating that 
ELTS can alter temperature preference in pigs.
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Introduction
Prior exposure to temperature extremes may have a long-term 
impact on animal thermoregulation and thermopreferendum. 
Studies in early life heat stressed (ELHS) rodents have described 
improved thermotolerance to heat stress (HS) exposure later 
in life (Tetievsky and Horowitz, 2010). In addition, piglets 
exposed to early life cold stress (ELCS) may have a permanent 
reduction in body temperature (Heldmaier, 1974). Furthermore, 
a recent study determined that ELHS exposed pigs have reduced 
thermotolerance when exposed to an HS challenge immediately 
following weaning (Johnson et al., 2018). Taken together, these 
data indicate that early life temperature extremes can influence 
thermoregulation, which may have implications for future 
temperature preference.

Thermotolerance and body temperature are influenced 
by heat exchange between the animal and its environment 
(Johnston and Bennett, 2008), and a permanent shift in 
an animals’ thermotolerance may result in an altered 
thermopreferendum. This is because the surface temperature 
(TS) to ambient temperature (TA) differential is the driving force 
for sensible heat exchange (Kingma et al., 2014). For instance, 
as body temperature increases, TS increases to maintain a 
balance between heat production and heat dissipation (Kingma, 
et al., 2014). Since body temperature is increased more rapidly 
in ELHS pigs exposed to an HS challenge without a similar 
absolute TS increase (Johnson et al., 2018), this suggests that a 
cooler TA would be preferred to increase the thermal gradient 
and improve heat dissipation capacity. Alternatively, because 
ELCS pigs have a reduction in body temperature (Heldmaier, 
1974), this may lead to greater vasoconstriction to conserve 
body heat (Campbell, 2008) resulting in a preference for warmer 
temperatures to reduce the thermal gradient. Therefore, the 
study’s objective was to investigate whether early life thermal 
stress (ELTS) alters the temperature preference of pigs later in 
life. We hypothesized that pigs exposed to ELHS would prefer a 
cooler TA and that ELCS pigs would prefer warmer temperatures 
relative to early life thermoneutral (ELTN) exposed pigs.

Materials and Methods
All procedures involving animal use were approved by the 
Institutional Animal Care and Use Committee at Purdue 
University (protocol #1701001525), and animal care and use 
standards were based upon the Guide for the Care and Use of 
Agricultural Animals in Research and Teaching (Federation of 
Animal Science Societies, 2010).

Early life thermal stress exposure

As described by Johnson et al. (2018), 12 first-parity sows with 
similar-sized litters [n = 11.8 piglets/litter; Duroc × (Landrace × 
Yorkshire)] were exposed to 1 of 3 ELTS treatments: ELTN (25.4 ± 
1.1 °C with heating lamp; n = 4), ELHS (cycling 32 to 38 °C; n = 4), 
or ELCS (25.4  ± 1.1  °C without heating lamp; n  =  4) from 7 to 
9 d postfarrowing. All temperature treatments were based on 
the Guide for the Care and Use of Agricultural Animals in Research 
and Teaching’s recommended thermal conditions for swine 
(Federation of Animal Science Societies, 2010). Thermal stress 
was verified through rectal temperature (TR), TS, average daily 
gain, thermal imaging, and respiration rate (RR) and these data 
are described by Johnson et al. (2018). After thermal treatment 
exposure (day 10 postfarrowing), piglets were housed under 
normal production conditions (25.4  ± 1.1  °C with 56.1  ± 8.1% 
relative humidity (RH) and supplemented with a heating lamp) 
until weaning (20.0 ± 1.3 d of age).

Experimental design: temperature preference

Mead’s resource equation was used a priori to determine the 
number of groups needed for the 2 × 3 factorial design (2 sex × 3 
ELTS; Mead, 1990). Eighty-four pigs were randomly assigned (via 
random integer generator, random.org) to 1 of 21 testing groups 
that consisted of 4 same-sex pigs of the same early life thermal 
treatment (Table  1). Two pigs from each group were from the 
same litter.

At weaning, all pigs were re-located to nursery room 1 at 
the Purdue Animal Science Research Education Center (West 
Lafayette, IN). A  nursery pen (0.95 m × 1.43 m) held up to 8 
pigs; therefore, if 2 testing groups were co-housed, they were 
treatment and sex matched. The nursery room received natural 
lighting via windows (15:9 light:dark), the average ambient 
temperature inside the nursery was 25 ± 5.8 °C with 58.1 ± 10.5% 
RH, and all pigs were given ad libitum access to food and water. 
Temperature preference testing began on June 7, 2017 (26 d ± 
1.3; 6.45 ± 1.26 kg BW) and ran until June 26, 2017 (39 d ± 6.5; 
9.71 ± 1.62 kg BW). Body weight (BW) was documented before 
each testing phase and added as a categorical variable by doing 
a mean split for each treatment (above or below the treatment 
average).

For temperature preference testing, pigs were transported 
in a cart ~91 m from the nursery to the environmental room. 
For each temperature preference testing session, 1 group of 
pigs from each ELTS treatment was randomly selected and 
simultaneously tested in 1 of 3 thermal apparatuses located 
within the environmental room. The pigs were allowed 24  h 
to acclimate to the new enclosure, thermal gradient, and 
environmental room. During acclimation and temperature 

Abbreviations

BW body weight
ELCS early life cold stress
ELHS early life heat stress
ELTN early life thermoneutral
ELTS early life thermal stress
HS heat stress
RH relative humidity
RR respiration rate
TA ambient temperature
TCZ thermal comfort
TNZ thermoneutral zone
TR rectal temperature
TS surface temperature

Table 1. Number of pigs and average weight exposed to early life 
thermal stress by sex

Parameter
Number  

of groups
Average weight,  
kg (LSM ± SD)

ELTN   
 Gilts 4 9.56 ± 2.15
 Barrows 3 9.18 ± 1.59
ELCS   
 Gilts 3 8.35 ± 1.35
 Barrows 4 8.82 ± 1.55
ELHS   
 Gilts 3 7.59 ± 1.34
 Barrows 4 8.89 ± 2.60
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preference testing, pigs were able to explore the entirety of the 
thermal apparatus. Each apparatus was cleaned in between 
acclimation, temperature preference testing, and between 
testing groups. Between acclimation and temperature preference 
testing, pigs were removed from the thermal apparatus and 
penned in an adjacent environmental room for ~2  h to clean 
and reestablish the thermal gradient. Waste was removed with a 
pressure washer, and the flooring and surrounding walls within 
the thermal apparatus were disinfected (LYSOL disinfectant 
all-purpose cleaner, Reckitt Benckiser LLC, NJ). After cleaning, 
the thermal gradient was considered stable when 3 readings, 
measured every 15 min, did not vary by more than 0.2 °C. Pigs 
were then returned to their assigned thermal apparatus for 
an additional testing period of 24 h. Precautions were taken to 
control for room position and side bias by balancing thermal 
treatments across the 3 thermal apparatuses as well as where, 
within the apparatus, pigs were initially placed. In addition, at 
least 1 group of barrows and 1 group of gilts were tested in each 
testing run. During experimental set-up and preference testing, 
researchers were not blinded to the pigs’ ELTS treatment, but 
animal care staffs were. During video coding, observers (L.R. and 
C.F.) were blinded to the ELTS treatment of the pigs and only the 
testing period was coded.

Thermal apparatus

The methods and materials were adapted in part from Robbins 
et al., (2018). Briefly, 3 thermal gradient apparatuses were built 
(3.05 m × 0.61 m × 0.61 m; L × W × H) to provide the required 
space per piglet and create the desired temperature gradient 
(Figure 1). To create the needed thermal gradient (20 to 40 °C), 
ceramic heating lamps (herein referred to as heating elements 
(Floureon 200W Multi Basking IR Heat Bulb) were placed at 
strategic locations 0.46 m above the floor to create a constant 

thermal gradient and were covered with wire mesh (Acorn 
international, Memphis, TN). The wire mesh was used to 
prevent the pigs from being accidentally burned should they 
be able to reach the heating elements. Plexiglas (MFG-Acrylic 
1.52 m × 1.91  cm × 0.61 m: Meyer Plastics, Inc., Lafayette, 
IN) was used to create a lid above each of the 2 halves of 
the thermal apparatuses. The cool end of all 3 thermal 
apparatuses had 2 computer fans (Coolermaster silent fan 120 
S/2, Cool Master Technology Inc., Taiwan) to push cool ambient 
air into the apparatus and down the gradient to the hotter 
end where 6 exhaust holes were cut. Finally, 8 containers 
were used to supply the pigs with feed and water within the 
apparatus (Fortiflex MF-2 Mineral Feeder, 2 × 1.75 qt. capacity, 
32.39 cm × 14.61 cm × 15.88 cm). Total water supplied between 
the 3 waterers was 11.36 L, and 2.27 kg total food was evenly 
allocated across the 5 feeding containers per day. Containers 
with feed were placed every 0.31 m along the right side of the 
thermal apparatus wall and containers of water were placed 
every 0.61 m along the left side of the thermal apparatus wall 
(Supplementary Figure 1).

The 3 thermal apparatuses were installed at Purdue 
University Animal Science Research and Education Center 
(West Lafayette, IN) in an environmentally controlled 
room. The environmental room RH and temperature were 
documented every 5  min (07:00 to 22:06 hours) for 3 d 
before pigs being placed inside, with the thermal apparatus 
air velocity and temperature measurements being taken 
every 15  min (Supplementary Table 1). Within the thermal 
apparatus, lines were drawn every 0.61 m to indicate thermal 
zones (5 thermal zones total; A to E) and ensure temperature 
was measured consistently (Supplementary Figure 1). The 
lines were used by observers to record the location of the pigs 
during video analyses.

Figure 1. Right: photograph of a single thermal apparatus. (A) Two computer fans were used to push cool air into the apparatus; (B) heating elements placed at different 

intervals to warm the air as it moved down the apparatus; (C) 6 exhaust holes; (D) the dotted line indicates a 0.64-m spacing between solid lines used to create thermal 

zones where piglet location was documented; (E) example of height of container used for water and feed (see Figure 2 for more detail about container spacing); (F) 2 

plexiglass lids covered the entire apparatus and opened upwards; (G) to (K) indicate the 5 thermal zones with average temperatures at: (G) 23.3 °C, (H) 26.2 °C, (I) 30.1 °C, 

(J) 34.2 °C, and (K) 38.2 °C.

http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skaa327#supplementary-data
http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skaa327#supplementary-data
http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skaa327#supplementary-data
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Behavior and posture observations

The pigs were videotaped continuously over the 24  h testing 
period for behavior, location, and posture using infrared cameras 
(Sony Corporation, Tokyo, Japan) and video surveillance software 
(GeoVision, Taiwan). The scan interval used for recording data 
from video was determined by comparing different sampling 
intervals (5, 10, 15, 20, 25, and 30 min) based on the frequency 
of time spent at each location. Data from each subsample were 
compared pairwise and considered to accurately estimate 
the behavior or posture if the intervals were not significantly 
different from each other compared with the 5  min interval 
(Ledgerwood et al., 2010). Based on this data, a 20-min sampling 
interval was selected for this study. Thus, the location, behavior, 
and posture were recorded for each piglet using instantaneous 
scan samples every 20 min. The ethogram contained 3 simple 
behavior categories: active, inactive, and other (Table  2). If 
pigs were observed in more than 1 thermal zone (location), 
the proportion of a piglet in each zone was documented in 
0.25 increments (head, front quarter, mid-section, and rump; 
Figure 2). Postures can indicate thermal comfort (Mount, 1960); 
therefore, posture was also documented at each scan sample 
(Table 3).

The frequency of behaviors was calculated for each group 
of pigs by counting the total number of times each behavior 
category was observed in each location per day and totaled 
per group. This calculation was repeated for posture. Any 
observations of pigs documented in the “other” category for 
behavior and posture were dropped from the dataset.

Food latency to empty

Video was used to determine the latency until each food 
container was emptied. If the food was not completely consumed, 
the maximum time pigs were in the apparatus (1,440 min) was 
assigned to that location-specific container. Food latency, rather 
than consumption, was used in the final analysis because once 
the pigs consumed all the food in that location, they would be 
forced to consume food in a location that may not reflect their 
true temperature preference.

Analyses

All analyses were performed using the PROC MIXED (GLM) 
procedure in SAS 9.4 (SAS Institute Inc., Cary, NC). The 
assumptions of the GLM (normality of error, homogeneity 
of variance, and linearity) were confirmed post hoc, and data 

were transformed when necessary to meet these assumptions 
(Grafen and Hails, 2002). The threshold for significance P < 0.05 
was used and Bonferroni corrected where applicable.

ELTS and BW at testing

The peak temperature preference was isolated by determining 
the temperature pigs were observed most often. The average 
end BW per group was analyzed with this single temperature 
preference to determine whether BW varied by group and 
BW predicted the temperature pigs spent most of their time 
in. Sex and ELTS were also included in this model as fixed 
effects.

Behavior and posture analysis by location

A cubic regression model was performed for both behavior 
and posture data and both were log10  + 0.001 transformed to 
meet the assumption of a GLM. To avoid pseudoreplication and 
accommodate repeated measures, analyses were blocked by 
Group of pigs, nested within sex and ELTS. Group of pigs cannot 
be treated as a random effect, there is not a meaningful wider 
population of groups of 4 pigs representing the unique ELTS 
conditions they were reared in between 7 and 9 d of age to which 
the results could pertain (Newman et al., 1997) and was therefore 
treated as fixed effects. Main effects plus 3-way interactions of 
sex, ELTS treatment, behavior or posture, and location were 
originally tested with a cubic variable of location. However, 
due to nonorthogonal data, higher order interactions that were 
nonsignificant were dropped from the model. Weight category 
and any interactions were removed from the analysis because 
they were not significant, and Akaike information criterion was 
reduced when this variable was removed. Further, as data were 
not orthogonal, nonsignificant higher-order interactions were 
dropped from the final analysis.

The cubic curve from the final model above was generated 
in 0.2  °C increments starting with the coldest thermal 
zone temperature (23.2  °C) and increasing to the warmest 
temperature (38.2 °C). Peak temperature for ELTS, behavior, and 
posture was calculated by identifying the temperature with 
the greatest frequency. The temperature preference range was 
then calculated from the peak temperature ± SE. Tukey tests for 
differences in LSM between ELTS, behavior, and posture were 
run in each thermal zone. Since Tukey tests were run 5 times 
(for each thermal zone), the α was Bonferroni corrected for the 
multiple tests (α = 0.05/5 = 0.01).

Table 2. Ethogram used for behavioral observations

Category Behavior Description

Active Active Pig is walking about, can be seen actively engaged with the environment or with another pig. This 
includes fighting or head tossing with another pig or interacting with troughs located on the long 
ends of the thermal apparatuses such as biting or chewing.

 Eating Pigs head is in the feeding trough, located under heating elements (5 total), can only see back of head 
and ears while within in the feeding trough. All food troughs are located under the heating lamps.

 Drinking Pigs head is in the watering trough, located opposite wall to heating elements (3 total), can only 
see back of head and ears while within in the watering trough. Water troughs are located on the 
opposite side of the thermal apparatus from the heating elements.

Inactive Inactive Pig is motionless and assumed to be sleeping. The animal may be inactive if sitting, standing or lying 
still and alert. Animal is stationary, slow and small head movements may be seen but their body is 
motionless.

Other Other Pigs’ behavior cannot be determined, camera angles or glare do not allow for accurate assessment
Defecation Pig is stationary or in a dog-sit position, can see fecal matter being excreted
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Latency to empty feeders

Analyses were blocked by group of pigs, nested within sex, ELTS, 
and weight category. Main effects plus second-order interactions 
of sex, ELTS treatment, weight category, and temperature 
corresponding with the feeder location were tested. Data did 
not require transformation to meet the assumptions of a GLM 
(normality of error, homogeneity of variance, and linearity). The 
weight category was included with this model due to a higher 
R2 value. Post hoc Tukey tests were used to evaluate significant 
terms in the model.

Results

ELTS and BW at testing

No differences in BW were detected between ELTS treatments 
(Table  4). Furthermore, BW did not affect peak temperature 
preference (Table 5).

Temperature preference and behavior

Early life thermal stress altered where pigs spent their time 
in the thermal gradient (GLM: F2,176  =  3.47; P  =  0.03; Figure  4). 
ELTN pigs had a peak temperature preference of 23.8 °C (7.71%) 
with a preferred range between 23.2 and 25.2  °C (Table  6). 

This preference was cooler by 2.2 °C compared with ELCS pigs  
(α/3: F1,176 = 7.93; P < 0.01; Table 6). Early life cold stressed pigs spent 
the most amount of time at 26.0°C (8.68%) but their temperature 
preference ranged between 24.8 and 27.6  °C (Table  6). Peak 
temperature preference did not differ when comparing ELHS 
and ELCS pigs (α/3: F1,176 = 2.79; P = 0.10; Table 6) Early life heat 
stressed pigs had a peak temperature of 25.6  °C (6.59%) with 
a preferred range between 24.4 and 27.2  °C (Table  6). Finally, 
ELCS pigs spent more time at 34.2 °C compared with ELTN pigs  
(α/5: P < 0.02; Figure 4).

Behavior altered where pigs were most frequently observed 
within the thermal gradient (F1,176  =  25.89; P  <  0.01; Figure  3). 
Inactive behavior was observed most often at 24.6  °C (24.90%) 
and observed most frequently between 23.6 and 25.8 °C (Table 6). 
Active behavior was observed most often at a temperature of 
25.8  °C (2.97%, range: 24.6 to 27.2  °C; Table  6). Further, Tukey 
tests (α/5) showed that pigs spent more time inactive than 
active at 23.3  °C (19.63%), 26.2  °C (18.54%), and 30.1  °C (5.07%: 
P  <  0.01; Figure  4) and peak temperature differed by 1.2  °C 
when comparing active and inactive behaviors (α/2: F1,176 = 34.87; 
P < 0.01; Table 6).

Posture and temperature preference

The frequency of various postures differed across the thermal 
gradient (GLM: F2,276 = 14.99; P < 0.01; Figure 5). Upright posture 
was observed most at 25.6 °C (23.11%) and frequently observed 
between 24.4 and 27.0 °C (Table 6). Sternal laying posture was 
observed equally at 24.6 and 24.8  °C (23.98%) and observed 
most frequently between 23.6 and 26.0 °C (Table 6). Finally, in 
the lateral laying posture, pigs were observed most at 24.4 °C 
(44.59%; range: 23.2 to 25.6 °C; Table 6). The peak temperature 
for upright posture was warmer by an average of 0.9  °C 
compared with sternal (α/3: F1,276 = 13.31; P < 0.01; Table 6) and 
by 1.2 °C compared with lateral lying postures (α/3: F1,276 = 28.73; 
P  <  0.01; Table  6). No difference was observed between peak 
temperature preferences when pigs were sternal or lateral 
laying (α/3: F1,276  =  2.93; P  =  0.09; Table  6). Further, Tukey tests 
(α/5) showed that pigs were observed more in the lateral laying 
posture compared with both upright and sternal laying at 
23.3  °C (24.35% and 20.35%, respectively) and 26.2  °C (14.59% 
and 15.86%, respectively: P  <  0.01; Figure  5). Compared to 
sternal laying, pigs were observed upright most often at 30.1 °C 
(4.08%), 34.2 °C (2.79%), and 38.2 °C (3.67%: P < 0.01; Figure 5). 
However, compared to lateral lying, they were more often 
observed upright at 34.2 °C (2.17%) and 38.2 °C (3.56%: P < 0.01; 
Figure 5). Finally, pigs were observed most often in the lateral 
compared with the sternal lying posture at 30.1  °C (4.13%: 
P < 0.01; Figure 5).

Figure 2. Diagram depicting sections of a pig used to assess percentage of body 

part located within a thermal section, each body section was equivalent to 25%. 

Head was considered from back of the ears to the snout, front quarters were 

considered back of the ears to behind the forelimbs, mid-section was from 

behind the forelimbs to front of the back limbs, and the rump was considered 

the front of the back limbs to base of the tail.

Table 3. Ethogram used for posture observations.

Posture Description

Upright Pigs’ body is erect and top line (back) is to the camera, includes pig standing on all 4 hoofs on ground and dog-sitting 
where pig has rump on floor

Sternal laying Pig lies up-right with stomach and chest touching the ground, top line is facing the camera. This includes when a pig 
is sternal on her anterior body and lateral on her posterior body. Sternal includes the medial plane of the head and 
body being perpendicular to a 45-degree angle to the ceiling

Lateral laying Pig lies on side with shoulder and rump touching the ground, top line is facing a wall. Medial plane of head and body 
are greater than 45° and ~90° to the ceiling

Other Any other postures or those that cannot be determined, camera angles or glare do not allow for accurate assessment. 
When sow is in position transition and down on front knees but stays with hind end up for a while and may still be 
moving about
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Food latency

The latency to empty the various feeders depended on its thermal 
location (GLM: F4,56 = 4.11; P < 0.01; Figure 6). Pigs consumed food 
the fastest from the feeder at 26.2  °C compared with 34.2  °C 
(175.67  min) and 38.2  °C (190.62 min: P  <  0.05; Figure  6). An 
interaction of sex and weight category (GLM: F1,80 = 5.00; P = 0.03; 
Table  7) and ELTS and sex (GLM: F2,80  =  3.57; P  =  0.03; Table  7) 
altered the latency times; however, post hoc Tukey tests did not 
identify any significant comparisons (P > 0.05).

Discussion
This study experimentally looked at the effects of ELTS on 
the future temperature preference of pigs. Body temperature 

is influenced by heat exchange between the animal and its 
environment (Johnston and Bennett, 2008), and previous 
research has demonstrated a permanent shift in an animals’ 
thermotolerance when exposed to HS during the early stages 
of development (as reviewed by Horowitz, 2007). This shift 
in thermotolerance may result in an altered temperature 
preference due to the TS to TA differential as the driving force 
for sensible heat exchange (Kingma et al., 2014). Thus, this study 
hypothesized that exposure to ELTS would result in an altered 
temperature preference in pigs later in life.

Results in the present study demonstrated that ELTS 
influenced temperature preference between ELCS and ELTN 
pigs. Early life cold stressed pigs spent most of their time 
between 24.8 and 27.6 °C, and as predicted, ELCS pigs had a peak 
temperature preference that was 2.2 °C warmer when compared 
with ELTN pigs. Early life cold stressed pigs may have greater 

Table 5. Influence of parameters on temperature preference (LSM ± SE)

Parameter F P-value

ELTS 1.25 0.32
Sex 1.22 0.29
End BW 2.59 0.14

Figure 3. Total frequencies of time spent in different temperatures within the 

thermal gradient based on ELTS conditions. The effects of ELTN, ELCS, and ELHS 

on temperature preference. Temperature within the thermal apparatus is plotted 

on the x-axis and total frequencies are plotted on the y-axis as a log10 scale. 

Cubic peaks are indicated by vertical lines corresponding to ELTS. Standard error 

bars are located at the temperatures of the 5 thermal zones (23.3, 26.2, 30.1, 34.2, 

and 38.2 °C) and different letters denote significant Tukey pairwise comparisons 

(P < 0.01). The gray box indicates the recommended temperatures (26 to 32 °C) 

for piglets between 3 and 15 kg (Federation of Animal Science Societies, 2010).

Figure 4. Total frequencies of time spent in different temperatures within 

the thermal gradient based on behavior. Data are plotted by behavior: active 

and inactive. Temperature within the thermal apparatus is plotted on the 

x-axis and total frequencies are plotted on the y-axis as a log10 scale. Cubic 

peaks are indicated by solid vertical lines. Standard error bars are located at 

the temperatures of the 5 thermal zones (23.3, 26.2, 30.1, 34.2, and 38.2  °C). 

An asterisk indicates significant Tukey tests (P < 0.01). The gray box indicates 

the recommended temperatures (26 to 32  °C) for piglets between 3 and 15 kg 

(Federation of Animal Science Societies, 2010).

Table 6. Peak temperature preference (°C) by ELTS, behavior, and 
posture (LSM ± SE)

Parameter*

Peak 
temperature  

preference, °C

Average  
time spent  

at peak  
temperature, %

Temperature  
preference  
range, °C

ELTS  
 ELTN* 23.8 7.71 23.2 to 25.2
 ELCS+ 26.0 8.68 24.8 to 27.6
 ELHS*+ 25.6 6.59 24.4 to 27.2
Behavior  
 Inactive 24.6 24.9 23.6 to 25.8
 Active 25.8 2.97 24.6 to 27.2
Posture  
 Upright+ 25.6 23.11 24.4 to 27.0
 Sternal* 24.6 and 24.8 23.98 23.6 to 26.0
 Lateral* 24.4 44.59 23.2 to 25.6

Different symbols denote a significant difference in peak 
temperature preference between parameters Tukey tests (P < 0.01).

Table 4. Average end BW by ELTS and sex (LSM ±SE) did not influence 
temperature preference

Parameter BW, kg (LSM ± SE) F P-value

ELTS  0.81 0.46
 ELTN 9.37 ± 0.64   
 ELCS 8.58 ± 0.64   
 ELHS 8.24 ± 0.64   
Sex  0.39 0.54
 Gilts 8.96 ± 0.51   
 Barrows 8.50 ± 0.54   
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vasoconstriction resulting in improved heat conservation 
(Heldmaier, 1974), which could explain the shift in temperature 
preference when compared with ELTN pigs. Unfortunately, due 
to the nature of this study, body temperature data (e.g., skin 
surface and body temperature) could not be documented while 
the animals were inside the thermal apparatus and it cannot be 
confirmed if vasoconstriction caused the shift in temperature 
preference for ELCS pigs. Although preferences differed between 
ELCS and ELTN pigs, the actual treatments only differed by the 
presence/absence of heat from a heating lamp. Both the ELCS 
and ELTN pigs were exposed to the same barn level TA, but the 
heating lamp for ELCS pigs was turned off. These results support 

that the radiant heat given off by the lamp is influential on pigs’ 
thermoregulatory development.

Temperature preferences were similar between ELHS 
pigs and the other treatments, but this may be related to the 
specific ELHS protocol. Acquiring thermotolerance is a transient 
process and depends primarily on the severity and duration of 
the initial HS. In general, the greater the initial heat dose, the 
greater the duration of thermotolerance. For example, following 
a sublethal heat exposure, thermotolerance (based on the 
presence of HSP70) can be observed within several hours and 
lasts 3 to 5 d (as reviewed by Kregel, 2002). Perhaps, if we had 
tested temperature preference within 5 d of ELTS, rather than 
beginning at weaning (day 20), we may have observed a more 
drastic difference in temperature preference. Despite the lack of 
differences between ELHS and the other treatments, this study 
provides further knowledge about factors that influence the TCZ 
of pigs.

Understanding the TCZ of an animal is critical to creating 
temperature recommendations and providing an optimal 
environment both for production and welfare. Interestingly, 
these results demonstrated a shift in the preferred temperature 
range of group-housed pigs under these conditions. The ELTN 
pigs appeared to prefer cooler temperatures than what is stated 
in the Guide for the Care and Use of Agricultural Animals in Research 
and Teaching (Federation of Animal Science Societies, 2010), 
with ELTN pigs spending more time between 23 and 25 °C than 
expected. While our data overlap with temperatures thought 
to be preferred by 3 to 15 kg piglets (25 to 32 °C; Federation of 
Animal Science Societies, 2010), pigs in this study spent ≤15% of 
their time in temperatures above 29 °C. The shift in temperature 
preference may be because the Guide for the Care and Use of 
Agricultural Animals in Research and Teaching (Federation of 
Animal Science Societies, 2010) recommendations are based on 
swine genetics from nearly 40 yr ago (NRC, 1981; DeShazer and 
Overhults, 1982; Curtis, 1985; Hahn, 1985). Since the publication 
of the original research, total heat and moisture production in 
current genetic lines has increased by an average of 16%, ranging 
from 10% to 32% across production stages (Brown-Brandl et al., 
2014). This increase in heat production may have contributed 
to the decrease in preferred ambient temperatures observed in 
this study.

An additional explanation of the temperature discrepancy 
between this study and the Guide for the Care and Use of 

Figure 5. Total frequencies time spent in different temperatures within the 

thermal gradient based on posture. Data are plotted by postures: lateral and 

sternal lying, and upright. Temperature within the thermal apparatus is plotted 

on the x-axis and total frequencies are plotted on the y-axis as a log10 scale. 

Cubic peaks are indicated by solid vertical lines. Standard error bars are located 

at the temperatures of the 5 thermal zones (23.3, 26.2, 30.1, 34.2, and 38.2 °C). 

Different letters denote significant Tukey pairwise comparisons (P < 0.01). The 

gray box indicates the recommended temperatures (26 to 32  °C) for piglets 

between 3 and 15 kg (Federation of Animal Science Societies, 2010).

Figure 6. Latency to empty feeders located within the 5 thermal zones: 23.3, 

26.2, 30.1, 34.2, and 38.2 °C. Data presented as LSM ± SE (n = 7 per ELTS treatment). 

Different letters denote significant Tukey pairwise comparisons (P  <  0.05). 

Dotted line indicates the maximum amount of time pigs had to consume food 

(1440 min). The gray box indicates the recommended temperatures (26 to 32 °C) 

for piglets between 3 and 15 kg (Federation of Animal Science Societies, 2010).

Table 7. Latency to empty feeders (min) based on interaction effects 
(LSM ± SE)

Parameter Interaction parameter Time to empty feeders, min

Weight* Sex  
 Above  Barrow 1,378 ± 31
  Gilt 1,315 ± 40
 Below  Barrow 1,279 ± 50
  Gilt 1,397 ± 40 
ELTS   
 ELTN  Barrow 1,272 ± 53
  Gilt 1,354 ± 43
 ELCS  Barrow 1,291 ± 50
  Gilt 1,418 ± 53
 ELHS  Barrow 1,422 ± 50
  Gilt 1,297 ± 53

*Weight category was calculated by the average weight of piglets’ 
post-testing and separated by ELTS.
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Agricultural Animals in Research and Teaching (Federation of 
Animal Science Societies, 2010) could be due to the social 
environment. The recommendations are based on data from 
individually tested piglets, rather than a group. This is a very 
important distinction since social behavior and physical 
contact can influence temperature preference. In a preference 
test, pigs preferred to lie near an anesthetized littermate rather 
than lie within comfortable temperature alone (Hrupka et al., 
2000). Group-housed pigs are often observed huddling together 
or touching each other when resting. The heat conserved 
from huddling would make normally cool temperatures for an 
individual much more comfortable when in a group (Mount, 
1963; Hrupka et al., 2000).

Animals have an innate motivation to seek out a preferred 
TA, referred to as thermopreferendum (Gordon et  al., 1993). 
Thermopreferendum is where animals seek to decrease the 
temperature difference between the environment and the 
animal and allowing an animal to minimize energetic costs 
(Terrien et  al., 2011). In this study, pigs spent very little time 
active (~15%) and the peak temperature preference was not 
different during inactive behaviors. The minimal amount of 
time active could have limited our ability to observe temperature 
preferences based on activity. It is also possible that with so 
little activity, pigs did not build up enough metabolic heat to 
alter their preference.

Animals generally seek out cooler temperatures 
when active; however, the opposite is observed during 
inactivity. Mammals typically experience a decline in core 
body temperature during sleep that correlates with their 
circadian rhythm (as reviewed by Harding et  al., 2019). Mice 
have demonstrated a clear thermal preference during their 
sleep phase, choosing warmer environments approaching 
thermoneutrality (27 to 30 °C) minimizing energy expenditure 
(Gordon et  al., 1993; Gaskill et  al., 2012). Previous literature 
has demonstrated that pigs will select cooler temperatures 
when sleeping (Bench and Gonyou, 2007), compared with 
when active. In this study, the ethogram did not distinguish 
between sleep and animals that may have been still but alert. 
Had we done so, perhaps we would have observed a difference 
in thermal preference based on behavior.

Posture is another mode of behavioral thermoregulation 
that alters the rate of heat loss by changing the amount of 
surface area exposed to the environment. There is a linear 
relationship between lateral lying and environmental 
temperature in pigs (Pedersen et  al., 2003; Huynhab et  al., 
2005; Aarnink et  al., 2006). When housed within their TCZ, 
pigs prefer to lay near each other with minimal contact 
and predominately lie in a lateral posture (Huynhab et  al., 
2005). A  warmer temperature however reduces conspecific 
contact and increases the amount of lateral lying (Huynhab 
et  al., 2005; Aarnink et  al., 2006). The lateral lying posture 
increases skin contact with the floor allowing for greater 
heat exchange and lessens the heat load if an animal is 
experiencing HS. In this study, pigs in the 3 coolest thermal 
zones (23.3, 26.2, and 30.1  °C) spent more time in a lateral 
posture (~45%), compared with sternal lying (~24%). Although 
they spent different amounts of time in these postures, there 
was no significant difference between the peak temperatures 
in sternal (24.6 and 24.8 °C) or lateral lying (24.4 °C). The lack 
of differences between sternal and lateral laying could be 
due to space limitations within the thermal apparatus or 
the piglet’s desire to lay near a littermate. Overall, pigs spent 
most of their time in the lateral posture at a temperature 
below the Guide for the Care and Use of Agricultural Animals in 

Research and Teaching (Federation of Animal Science Societies, 
2010) recommendations. The fact that the pigs chose cooler 
temperatures than expected and were lying in a posture that 
indicates comfort, supports that the preferred temperatures 
are within their TCZ.

Animals maintained at high or low TA for long periods 
modify their physiological responses to adapt to that TA. To 
fuel the increased energetic needs and maintain a positive 
energy balance during cold exposure, animals need to adapt 
their food intake. An increase in caloric intake has been 
described in numerous species (including pigs), to counteract 
cold-induced costs of thermoregulation (Dauncey and Ingram, 
1986). Although food consumption was measured in this 
study, pigs could move freely between temperatures and thus 
food consumption was not directly altered by temperature. 
However, the amount of time it took pigs to empty the food 
bins reveals the temperatures in which they preferred to eat. 
Regardless of their ELTS, pigs consumed food at a faster rate 
in the 2 coolest temperature zones (23.3 and 26.2  °C). These 
data indicate that those studying nutrition and production, 
may want to house their pigs between these temperatures to 
keep pigs within their TCZ and still promote feed intake. This 
unsurprisingly correlated with the thermal zones they spent 
the most amount of time in. Unfortunately, this measure also 
comes with limitations. When the preferred feeders were 
emptied, the pigs had to move into other thermal zones to 
consume feed, thus adding variability to both our behavioral 
and location data. However, this may not have significantly 
influenced our data since pigs spent only ≈15% of their time 
active, which included feeding behavior.

This study was able to successfully identify the effects of 
ELTS on thermal choice in group-housed pigs, regardless of 
the limitations. The inability to achieve the target temperature 
range (20 to 40 °C) was unfortunate since we were unable to 
locate the lower critical temperature of ELTN pigs. Ideally, 
the data would have taken on more of a traditional bell curve 
shape to help us identify temperatures that indicate upper 
and lower critical temperature limits. However, for ELTN pigs, 
the lower critical temperature was not observed due to the 
limitations with establishing cooler temperatures within our 
gradient. Unfortunately, the inability to achieve these desired 
temperatures was due to the limitation of our facilities during 
the summer months. The environmental room, where the 
thermal apparatuses were located, was unable to reduce the 
TA enough to achieve the required lower thermal gradient. 
Additional limitations in our design did not provide the ideal 
amount of floor space for the larger pigs. A larger floor space 
within each thermal zone would have allowed for better 
spacing of both feeders and waterers, and for all animals to fit 
within each zone easily. Unfortunately, due to size constraints, 
the design used was best situated for the environmental 
room it was placed in and allowed for all ELTS to be run 
simultaneously.

Conclusion
We hypothesized that temperature preference would change 
based on exposure to different types of ELTS. Thermal stress 
did indeed alter preference; however, not in the way, we had 
predicted. ELHS pigs preferred similar temperatures as ELTN 
and ELCS pigs. However, ELCS pigs demonstrated a warmer 
temperature preference when compared with ELTN pigs. These 
data supporting that early exposure to ELCS can alter pigs’ 
temperature preference later in life.
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