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Objective: This study was conducted to characterize the behaviors and the body weight of 
suckling piglets in different social environments.
Methods: Two groups of sows and suckling piglets housed either in individual farrowing crates 
in separate pens (1.8×2.4 m, the control group) or in groups of three sows with their piglets 
in farrowing crates in a large common enclosure (5.4×2.2 m, the treatment group) were observed 
with the aid of video technology for 9 consecutive hours on days 1, 2, and 3, after mixing.
Results: Suckling, agonistic, and elimination behaviors of suckling piglets were significantly 
higher in the control group than in the treatment group. Inactive behavior was higher in the 
treatment group than in the control group. Most of the effects of the social environment on the 
suckling piglets seem to be the result of large reductions in behaviors and body weight for 
piglets switching from high activity to low activity. Moreover, suckling behavior and birth body 
weight were highly correlated with body weight at the end of the test.
Conclusion: The social environment that resulted from mixing, thus, had significant effects 
on the behavior and body weight of suckling piglets, and behavioral characteristics, therefore, 
should be considered when making improvements to the husbandry and care methods used 
in swine production.
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INTRODUCTION

The behavioral characteristics of pigs are generally consistent over time and are formed when 
they are young piglets [1]. New born piglets are subjected to stress because of competition for 
access to the teats of sows. This competition is followed by the development of a social order 
during the first 2 weeks of lactation [2,3]. Piglets are variously housed for production in both 
indoor confinement systems and outdoor systems. Much scientific research has been done to 
determine the proper rearing conditions for the physical and psychological growth of the animals 
[4-6]. 
 In response to changes in their environments, animals use behaviors to modify and control 
their surroundings [7,8]. Mixing different litters of piglets is common during the rearing process 
and results in environmental change and social stress [9,10]. However, mixing and sudden inter-
ruptions do not occur in wild boar populations in natural ecosystems [1]. The mixed piglets are 
exposed to harsh conditions with changed social and physical environments. Moreover, consider-
able stress is caused by the changes in diets, rearing conditions, housing, and neighbors that result 
from mixing [11,12]. The behavior of piglets following mixing is an animal welfare concern, and 
it has bearing on the search for husbandry and care methods that reduce stress [13,14]. High 
levels of stress and aggression from mixing can compromise pig welfare [15]. 
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 In South Korea, most piglets are bred and reared in farrowing 
crates (also known as sow stalls) within housing facilities. In 
general, the size of farrowing crates is 0.8×2.0 m in pen (1.8×2.4 
m). The floor is usually covered by concrete or plastic. There is 
feeder, drinker, and heat lamp in each pen. These provide safety 
to the piglets against fighting, injuring, or killing their fellow litter-
mates, while at the same time minimizing various environmental 
and social challenges [16]. In addition, most piglets reared under 
this system have no chance to interact with different litters until 
weaning. There are also continuing controversies over the use of 
farrowing crates, especially with respect to their effect on the 
welfare of sows and piglets. 
 The pre-weaning experiences of piglets are understood to be 
important factors through their lives especially during the imme-
diate post-weaning period [17]. Despite their relevance to growth 
performance and animal welfare of suckling piglets to the swine 
industry, there is relatively little known about suckling piglets. 
In this study, we examine the behavioral characteristics and body 
weight of suckling piglets in different social environments. 

MATERIALS AND METHODS

The experiment was conducted at the experimental farm of the 
National Institute of Animal Science in Cheonan (Chungnam 
Province, South Korea) using 159 suckling piglets and 16 sows 
(Landrace×Yorkshire×Duroc). Sows and suckling piglets were 
reared in farrowing crates (0.8×2.0 m) in pens (1.8×2.4 m) with 
solid plastic flooring and a heat lamp. In sixteen pens, the sows 
and their piglets were reared in the farrowing crates for 10 days 
following the birth of piglets. The number of piglets ranged from 
8 to 12 with a mean of 9.94 individuals/pen. Ten days after the 
birth of the piglets, the fences separating three of the pens were 
removed, and three sows and their piglets were reared together 
in this larger enclosure (5.4×2.2 m, the treatment group). Because 
neonatal piglets are immunologically underdeveloped at birth 
[18], to minimize the mixing stress the piglets were mixed on day 
10 after birth, which they have acquired the minimum immunity 
[19] and their suckling behavior has been stabilized [20]. 
 In the treatment group, the three sows were still kept in sepa-
rate farrowing crates and piglets could freely move in the large 
enclosure. In the control group, sows and their piglets were in a 
separate pen. The mean birth body weight of the piglets 2.21±0.53 
kg at day 10 after the birth. There were no differences in starting 
point conditions of sows and suckling piglets between the groups 
in this study. The sows were the same year and similar body con-
ditions. Moreover, the body conditions and weight of suckling 
piglets were not differed in starting points for the treatment and 
control group.
 The environmental control systems were the same in all the 
housing facilities. The temperature in each pen was controlled 
by ventilation fans and heaters and was maintained at approxi-
mately 28°C±1°C. Each pen was provided with a stainless steel 

feeder and a nipple drinker that allowed the piglets ad libitum 
access to food and water throughout the experiment. The experi-
mental protocols describing the management and care of the 
animals were reviewed and approved according to the Guide for 
the Care and Use of Laboratory Animals (National Institute of 
Animal Science, Animal Care Committee of Korea) on 7 March 
2014 (approval number: NIAS 2014-289). 
 Four replicates each were evaluated in the control (n = 4) and 
treatment (n = 4) groups. Two wide-angle video cameras were 
installed at the corners of the ceiling, so that all the areas of the 
pen could be observed. The behaviors of the piglets were video-
recorded continuously for 9 hours per day for 3 consecutive days. 
All behavioral data were obtained from video images that were 
digitally recorded from 09:00 to 18:00 h on days 1, 2, and 3 after 
mixing. Instantaneous scan sampling was carried out at 10-min 
intervals. All video recordings were viewed by trained observers 
who were blinded to the treatments to eliminate subjective bias 
and interindividual discrepancy [14,21].
 The following behaviors were recorded: drinking, feeding, 
suckling, inactive, agonistic, locomotion, excretion, and other 
social behaviors (Table 1). The duration and frequency of the 
individual performing the behavior, as well as the individual 
receiving the behavior, was noted. The behavioral time values 
presented are the means and standard errors of the relative fre-
quencies of each behavior, calculated from the results obtained 
from each observation of each group [12,22]. 
 Data analysis was performed using SAS software (SAS Insti-
tute, Cary, NC, USA), with the pen serving as the experimental 
unit. The residual data sets were tested for normality using the 
Univariate Procedure of SAS [22]. The data were not normally 
distributed so the behavioral data were analyzed by a Mann-
Whitney U test between the control and treatment groups. 
Correl ations among behaviors and body weights were analyzed 
by a Kendall’s Tau-b correlation, and p values were calculated. 

RESULTS

There was no difference in body weight of suckling piglets in day 

Table 1. Ethogram of behavioral categories and their respective definitions (adapted 
from Hwang et al [12]; Statham et al [31]) 

Behavior Description

Drinking Drinking water or manipulating the drinker with or without inges-
tion of water

Feeding Head positioned in the feeder or chewing food displaced from the 
feeder

Suckling Massaging or suckling at sow’s udder
Inactive Motionless and sleeping
Agonistic Biting, head-thrusting, ramming, or pushing another piglet
Locomotion Any movement including walking, running, scampering, and 

rolling
Excretion Defecating or urinating
Other social All other social behaviors not listed above
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10 after the birth between the control and treatment groups (Z = 
2.41, p = 0.57). However, the mean body weight at the end of the 
test was 8.78 kg in the control group and 8.07 kg in the treatment 
group. The end of the test body weight of piglets was significantly 
different between the two groups (Z = –5.99, p<0.01).
 The amount of time the piglets spent performing the different 
behaviors was significantly different between the control and 
treatment groups (Table 2). The durations of suckling (Mann-
Whitney U test, Z = –8.28, p<0.01), agonistic (Z = –6.90, p<0.01), 
locomotion (Z = –2.39, p = 0.02), elimination (Z = –5.89, p<0.01), 
and other social behaviors (Z = –3.51, p<0.01) were higher in the 
control group than in the treatment group. The duration of 
inactive behavior (Z = –5.09, p<0.01) was higher in the treatment 

group. The amount of time spent in drinking and feeding did 
not differ between the two groups.
 The frequencies of feeding (Z = –2.84, p<0.01), suckling (Z = 
–3.39, p<0.01), inactive (Z = –5.85, p<0.01), agonistic (Z = –3.64, 
p<0.01), and elimination behaviors (Z = –6.46, p<0.01) were 
significantly different between the control and treatment groups. 
Frequencies of those behaviors were higher in the control group 
than in the treatment group. There were no differences in the 
frequencies of drinking (Z = –0.06, p = 0.95), locomotion (Z = 
–0.99, p = 0.32), and other social behaviors (Z = –1.47, p = 0.14) 
between the control and treatments groups (Table 3).
 There were significant correlations between the behaviors and 
body weights of the piglets in this study (Figure 1). Agonistic and 
locomotion behaviors were positive related to drinking (Kendall’s 

Figure 1. Correlation between duration of time spent in different behaviors and body weights of suckling piglets.
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Table 2. Amount of time (second) of time spent per hour in different behaviors of 
suckling piglets in the control and treatment groups on days 1, 2, and 3 after mixing; 
comparisons between the control and treatment groups are based on a Mann-
Whitney U test

Behavior
Control Treatment

Z p value
Mean SE Mean SE

Drinking 18.79 3.23 23.64 3.24 –0.26 0.80
Feeding 20.67 4.09 16.44 3.26 –1.92 0.06
Suckling 1,537.91 60.40 917.13 44.20 –8.28 < 0.01
Inactive 1,520.38 75.00 2,093.95 44.86 –5.09 < 0.01
Agonistic 181.66 36.41 8.16 1.44 –6.90 < 0.01
Locomotion 180.96 9.38 150.01 7.10 –2.39 0.02
Elimination 66.16 9.11 17.94 3.72 –5.89 < 0.01
Other social 105.63 8.99 71.59 6.11 –3.51 < 0.01

SE, standard error.

Table 3. Frequencies of different behaviors (incidents per hour) of suckling piglets in 
the control and treatment groups on days 1, 2, and 3 after mixing; comparisons 
between the control and treatment groups are based on a Mann-Whitney U test

Behavior
Control Treatment

Z p value
Mean SE Mean SE

Drinking 1.52 0.26 1.56 0.21 –0.06 0.95
Feeding 1.46 0.26 0.87 0.18 –2.84 < 0.01
Suckling 21.20 1.09 17.51 0.92 –3.39 < 0.01
Inactive 49.71 1.84 36.35 1.25 –5.85 < 0.01
Agonistic 2.35 0.43 0.86 0.18 –3.64 < 0.01
Locomotion 27.99 1.47 34.15 2.13 –0.99 0.32
Elimination 2.59 0.33 0.66 0.12 –6.46 < 0.01
Other social 8.71 0.84 8.86 0.76 –1.47 0.14

SE, standard error.
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Tau-b correlation, r = 0.23 to 0.24, p<0.01) and feeding (r = 0.15 
to 0.23, p<0.01). Elimination was correlated to drinking (r = 0.09, 
p = 0.05), suckling (r = 0.20, p = 0.01), and locomotion (r = 0.12, 
p = 0.01). Inactivity was negatively correlated to drinking, feeding, 
and suckling behaviors because the piglets cannot be active and 
inactive at the same time. Moreover, there was positive relation-
ship between dry matter intake (feeding) and drinking. Moreover, 
suckling behavior (r = 0.15, p<0.01) was related to end-of-test 
body weight. 

DISCUSSION

This study showed that mixing suckling piglets influenced their 
activity and body weight, but had no negative effects on their be-
havior. There were increases in suckling, locomotion, elimination, 
and other social behaviors, and the duration and frequency of 
inactive behaviors were dramatically increased by mixing. It 
should be recognized that the treatment groups in this study not 
only experienced interaction with unfamiliar sows and piglets, 
but also changes in the environment with increased space and 
more animals. 
 This study does identify a difference in agonistic behaviors 
between the two groups. It has been suggested that the agonistic 
behavior of suckling piglets could have some adaptive value for 
them [3]. Mixing post-weaned piglets from different litters is the 
major cause of aggressive behavior, which occurs during new 
hierarchy establishment [23,24]. However, the suckling piglets 
in the treatment groups showed less intense fighting and biting 
compared to the piglets in the control group. The mixing of the 
piglets led to less agonistic behavior in the treatment groups. 
Those results indicate that social stress and competition in the 
treatment group were not severe for the animals. Moreover, it 
had been reported that suckling piglets establish a hierarchy more 
quickly and show a shorter duration of aggression compared 
to weaned piglets when they are mixed [24,25].
 The increased inactive behavior and the decreased suckling, 
agonistic, locomotion, elimination, and other social behaviors 
in the treatment groups suggest that the piglets were depressed by 
mixing. Except for those changes, the piglets’ overall activity 
values were high. In particular, suckling and feeding behaviors 
of piglets were higher in the control group. There was a higher 
body weight value in the control group at the end of the test than 
in the treatment group. It seemed that the low milk and feed 
intake of the piglets in the treatment group led to reduced growth 
or low weight gain in the first three days after mixing [26].
 The behavioral characteristics of piglet littermates can produce 
large variations in their social status, growth performance, and 
survival [27,28]. The early social environment and experience 
of piglets is influential on the welfare and growth performance 
of pigs [29], and offspring exposed to early stress often exhibit 
behavioral difficulties later in life. The social environment may 
therefore play an important role in behavior and growth perfor-

mance [17,30]. In addition, changes in the early social environment 
provide an opportunity for suckling piglets to learn social skills 
[8]. 
 These results show that suckling piglets, when placed in a 
different social environment through mixing, exhibit changes 
in behavior and body weight. This suggests that the social envi-
ronment of suckling piglets has significantly different effects on 
the behavior of the animals when they are reared in separate 
farrowing crates or mixed with other littermates in a large enclo-
sure. Moreover, this mixing of suckling piglets will influence social 
behavior and welfare in the post-weaning period. The measure-
ment of behavior and growth performance made in this study 
are insufficient to distinguish swine welfare and production, so 
further studies of piglets under additional rearing conditions 
are needed. 
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