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Abstract The aim of this study was to analyze the behavior of 
pigs housed in facilities with different building typologies in 
terms of the floor and partitions. Two treatments were 
compared: a pen containing an area with a depth of water, and 
a pen floor with leaked on the sides. Data on swine behavior 
were collected over seven days, and the pigs’ positions 
(standing, sitting, and lying down) and activities (eating, 
drinking, digging, interacting, walking and idling) were 
observed for five animals in each pen. Data were collected via 
visual measurement every 10 minutes and an ethogram was 
constructed. Measurements of environmental data were taken 
(dry bulb temperature, globe temperature and relative 
humidity), and were used to calculate the black globe 
temperature and humidity index. Although the pens showed 
differences in terms of the dry bulb temperature, this 
temperature can be considered thermoneutral for creation in 
the growth and termination phases. Animals housed in the 
pens with an area of water depth stood for longer, possibly due 
to the environmental enrichment caused by the presence of the 
water slide. 
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Introduction 
 

Brazilian pig farms have evolved a great deal in recent 
years following research carried out in the areas of production, 
nutrition, genetics, health and environmental systems; 
however, more attention to animal welfare is still necessary 
(Veloni et al 2013). Animal welfare, environmental issues and 
food safety are currently considered to be the three biggest 
challenges in the pig sector. In view of this, there is significant 

concern regarding the influence of the environment on the 
comfort, welfare and performance of the animals (Ferreira et 
al 2015). 

In this context, the evaluation of animal welfare on the 
farm can involve aspects related to the management, 
environment and facilities, for example the distribution of 
food, room for movement, rest, interaction between animals, 
air temperature, relative humidity, ventilation, light, available 
space and type of flooring (Anil et al 2002). According to 
Maia et al (2013), the provision of an adequate breeding 
environment can allow more positive welfare to be created, 
which may favor better productive performance in these 
animals. 

Pigs subjected to thermal conditions that are outside 
their comfort zones may show altered physiological and 
behavioral responses, which may consequently cause losses 
related to the productive responses of these animals (Kiefer et 
al 2009, Kiefer et al 2010). The initial response of a pig 
subjected to an increase in air temperature is a change in 
behavior (Huynh et al 2005). According to Machado, Filho 
and Hötzel (2000), factors causing stress can lead the pig to 
change its natural behavior to stereotypies. Kittawornrat and 
Zimmerman (2011) find that stress is a routine aspect of life 
for pigs and occurs in the context of social dynamics (feeding 
and aggressive interactions) and the environment (heat, cold 
and new environmental situations).  

The objective of the present study is to analyze the 
behavior of growing and finishing pigs housed in facilities 
with different constructive typologies. 

 
 
Materials and Methods 
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The study was carried out in a commercial swine farm 
(21º 11’ 37” S; 45º 02’ 49’’ W; 918 m), in the municipality of 
Lavras-MG, Brazil. The climate of the region, according to 
Köppen’s classification, is Cwa, i.e. rainy, temperate 
(mesothermal) and subtropical, with a dry winter and rainy 
summer. 

The raising system evaluated here involved intensive 
confinement, and the animals did not have access to the 
outside of the facilities. 

The animals were housed in two pens of different 
construction typologies in relation to the floor and partitions: 
a pen with a water depth (WDP) and pens with partially slotted 
floors at the sides (SLS). The average weight of the piglets 
housed in each typology were 28.69 kg and 28.75 kg, 
respectively. The animals remained in the pens during the 
growing and finishing stages, reaching final mean weights of 
83.47 kg (WDP pen) and 85.47 kg (SLS pen). 

The animals were housed in masonry barns covered 
with fiber-cement roofing, with supporting structures of 
reinforced concrete, concrete flooring, and an east-west 
orientation. Each pen was equipped with two automatic 
feeders and four nipple drinkers, with a total area of 72 m² (8 
x 9 m) and ceiling height of 3 m, containing 72 animals each. 
On one of its sides, the WDP pen had an indentation in the 
concrete floor (1 m wide and 10 cm deep) filled with water; 
this pen was fenced with masonry dividers made of ceramic 
bricks (with a height of 60 cm) covered with a layer of 
concrete render and painted in white. The SLS pen had lateral 
brick masonry partitions (60 cm in height) covered with a 
layer of plaster painted in white, and a concrete floor and with 
leaked in the sides. 

Over seven days, data on the pigs’ behavior were 
collected in an ethogram (Table 1) that included posture 
(standing, sitting, and lying down) and activities (eating, 
drinking, digging, interacting, walking and idling) (adapted 
Massari et al 2015). The data were collected by means of a 
visual check every 10 minutes (from 07:00 to 17:00 hours). 
The behavior of five animals in each pen was evaluated. 
Before starting the experiment, these animals were identified 
by ear tags; the day before the behavioral data began to be 
collected, these animals received markings on their backs 
using non-toxic paints in different colors, to allow easier 
identification of each animal. Evaluations were conducted 
simultaneously in the two pens, with one person responsible 
for the bay over the entire evaluation period.  

Data relative to the ambient thermal comfort in the 
pens and outside were automatically collected using data 
loggers (Hobo, model U12-013) with an accuracy of ± 0.5oC. 
These devices recorded the dry bulb temperature (Tdb), 
relative air humidity (RH) and black globe temperature (Tbg) 
at intervals of five minutes. The air velocity (Vair) was 
recorded at 9:00 a.m., 12:00 p.m., and 3:00 p.m. on the 
evaluation days, using a digital propeller anemometer (ICEL 

Manaus® brand, model AN-3090) with a precision of ± 3.0%. 
The data loggers were positioned inside the facilities at a 
height of 1.20 m from the floor, as described in Sampaio et al 
(2004) (Figure 1). 
 
Table 1 Ethogram for behavioral analysis of pigs housed in facilities 
with different types of flooring. 

Posture 

Standing On four legs 
Seated On two legs 
Lying Entire torso in contact with the ground 

Activities 

Eating With mouth in the feeder 
Drinking With mouth in the water fountain 
Digging Animal exploring any part of the environment with 

the snout 
Interacting Any interaction involving one or more animals 
Walking Moving 
Idleness Stationary, at rest and/or asleep 

Source: Adapted from Massari et al (2015) 

 
These environmental data were used to calculate the 

black globe-humidity index (BGHI) for the evaluation of the 
thermal environment. According to Ponciano et al (2012), the 
BGHI is currently the most widely used index for the 
evaluation of animal thermal comfort in hot climate regions, 
such as Brazil. It incorporates Tdb, RH, Vair and radiation (in 
the form of Tbg) as a single value, calculated by means of Eq. 
1 (Buffington et al 1981): 

 
BGHI= Tbg+0.36 Tdp-330.08                        (1) 
 

where Tbg = black globe temperature (K) and Tdp = dew point 
temperature (K). 

 
In the statistical analysis, a scheme of subdivided plots 

was used for the thermal environment data (Tdb, RH, Tbg and 
BGHI) in which the plots were composed of the different 
typologies of the installations and the subplots of the 
schedules, in a randomized complete block design (based on 
experimental days), with replicates being the days of 
collection. The data were submitted to an analysis of variance 
using an F-test and the means were compared using the Tukey 
test at 5% significance, using the Sisvar program for statistical 
analysis.  

Behavior variables were divided into two groups: 
posture (standing, lying and sitting) and behavioral patterns 
(drinking, eating, idling, walking and interacting). Statistical 
analyses were carried out by applying confidence intervals for 
the medians (95%). Behavioral observations were converted 
to frequencies of the observed time using the Minitab 
statistical package, and these were then analyzed. 
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Figure 1 Floor plan of the pens (WDP: water depth, SLS: slotted 
floor on the sides). 

 
Results and Discussion 

 

The mean relative humidity showed a significant 
difference between the pens at 9 a.m, with the WDP pen 
having the highest mean value (77%) (Table 2); this was as 
expected, due to the microclimate inside the pen created by the 
evaporation of the water in the indentation. In this context, 
Moreira et al (2003) show that the RH in the microclimates 
created in the installations directly influences the 

environmental conditions of the air; at other times, when the 
air is at a higher temperature, it has a greater capacity to absorb 
water vapor, and thus does not affect the relative humidity. 

According to Muller (1989), for pigs weighing over 30 
kg and in conditions of thermal comfort, the optimal RH is 
between 50% and 70%. During the hours of observation, the 
mean RH was outside the range quoted by Muller only at 9 
a.m. in the WDP, when a slightly higher value was recorded. 
The influence of RH on the reactions of the pigs is smaller 
than the direct effect caused by Tdb. 

There was a significant difference for Tdb only at 9 
a.m, with the SLS pen having the highest mean value (20°C). 
The Tdb outside of the installations reached an absolute value 
of 31.9ºC during the data collection phase (recorded in the 
afternoon). The average Tdb obtained in this study can be 
considered a thermoneutral temperature, since it is within the 
range recommended by Perdomo (1994) as the ideal 
temperature for the growth and termination phase of between 
18ºC and 26ºC. 

No significant differences were observed in the globe 
temperature (Tbg) between the pens at any time. 

 
Table 2 Mean values of environmental variables observed during the evaluation period, measured throughout the day, in 
swine growing and finishing facilities with floors with a water depth (WDP), and slotted sides (SLS). 

Variables1 
Pen Time 

 9 a.m. 12 p.m. 3 p.m. 

 WDP 77a 55a 50a 

RH (%) SLS 69b 52a 47a 

 WDP 20b 25a 26a 

Tdb (ºC) SLS 20a 25a 26a 

 WDP 67a 72a 73a 

BGHI SLS 68a 72a 73a 

 WDP 20a 25a 26a 

Tbg (ºC) SLS 21a 26a 26a 
1Relative air humidity (RH); black globe temperature (Tbg); dry bulb temperature (Tdb); black globe-humidity index (BGHI). Means 
followed by the same letter in the row do not differ in the Tukey test (p > 0.05). 

 
Although the BGHI did not show a significant 

difference between the facilities at the observed times, mean 
values at 3 p.m. were observed to be slightly above the value 
recommended by Tavares et al (2000) and Wolp (2010), who 
state that the upper limit condition of BGHI for growing and 
finishing pigs is 72. 

There was a difference (P <0.05) in mean air velocity 
between the pens only at 12 p.m. (Table 3). 

The other schedules observed gave values without 
statistical differences. Although it is known that BGHI is 
indirectly affected by radiation and air velocity, the significant 

variation in ventilation was not sufficient in this case to cause 
differences in BGHI values (Table 2). 

When assessing the behavioral data, it was observed 
that the animals remained standing more frequently in the 
WDP pen (Figure 2), possibly due to the influence of the 
environmental enrichment caused by the presence of the water 
depth. Consequently, observations of the lying position also 
differed statistically, and this was observed more frequently in 
the SLS pen, where the pigs spent most of the time lying down, 
this result is in agreement with behavioral studies of pigs 
carried out by Kiefer et al (2010) with animals kept in thermal 
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comfort (21 °C), these authors found a percentage higher than 
82% of the time evaluated. 

The sitting behavior did not differ statistically between 
treatments. The mean values found in the present study are 
close to those observed by Dalla Costa et al (2009), who found 
animals sitting 4.42% of the time in slaughterhouse waiting 
pens. According to Hötzel et al (2007), this sitting behavior 
can be used as a parameter to estimate pig welfare, and a 
reduction in its frequency can indicate impairment of welfare. 

 
Table 3 Average values of air velocity (Vair, m s-1) in sheds for 
growing and finishing swine with different types of pens 

Treatments 
(Pens) 

Time 

 9 a.m. 12 p.m. 3 p.m. 

WPP 0.26a 0.30b 0.20a 
SLS 0.40a 0.69a 0.43a 

Pens: water depth (WDP), partially slotted floors at the sides (SLS). Air 
velocity (Vair). Means followed by the same letter within one column do not 
differ significantly in Tukey’s test. 

 

The mean time spent by the pigs on each activity was 
not statistically different between the pens for any of the 
activities analyzed (Figure 3). 

Digging behavior is strongly related to eating behavior; 
it was observed by Massari et al (2015) that domestic pigs 
exploit the environment in search of food. However, 
Stevenson (2000) found that under natural breeding 
conditions, pigs spent about 75% of their time in activities 
such as digging, searching for food and exploring the 
environment; confinement in highly stocked bins without 
environmental enrichment makes it impossible to perform 
these behaviors. 

Ieler et al (2009), who worked with pigs housed in 
facilities with overlapping beds, mention that exploratory 
behavior is associated with the habit of vigorously fouling the 
soil, and that this behavior may be a stress factor for animals 
housed in installations with cement floors, since there is no 
possibility of movement as in the superimposed bed. 

According to the results of Debreceni et al (2014), 
normal eating behavior has an average frequency of 16%. This 
value is slightly higher than the frequencies observed in the 
present study, which was 13.33% in both pens. 

 
Figure 2 Average time spent (%) per pig (growth/termination) in each behavior (Pens: water depth (WDP), partially slotted floors at the sides. 

(SLS)). 

 

Figure 3 - Average time spent (%) per pig (growth / termination) in each behavior (Pens: water depth (WDP), partially slotted floors at the 
sides (SLS)). 
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No statistical difference was observed in the idling 
behavior (Figure 3), which was more frequent than the other 
behaviors; the mean frequencies were 53% for WDP and 62% 
for SLS. According to Broom and Fraser (2010), idleness is 
characterized by the sum of resting and sleeping behaviors, 
and is important, since it has the function of energy 
conservation. These authors also mention that when confined, 
pigs are more likely than other farmed animals to spend time 
resting and sleeping. 

Ferreira et al. (2015) studied the behavior of growing 
pigs in relation to lighting conditions  their results corroborate 
those of the present study, since they found that idling was 
more frequent in comparison with other behaviors, with an 
average of 87.64% of the time (corresponding to 21.03 hours 
per day) spent in this way. The present study found lower 
mean values (5.33 hours/day for WDP, and 6.16 hours/day for 
SLS). This difference may arise from the differences between 
the experimental conditions, such as the observation time 
used; the present study took into account only the diurnal 
period, and thus involved fewer hours. 
 
Conclusions 
 

Although the pens showed differences in terms of the 
dry bulb temperature, this temperature can be considered 
thermoneutral for creation in the growth and termination 
phase. Animals housed in the WDP pen remained standing for 
longer, possibly due to the environmental enrichment caused 
by the presence of the water depth. 
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