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ABSTRACT.  This study was conducted to, 1) determine the effects of socializing piglets prior to weaning on piglet 
behavior and performance and sow behavior, and 2) determine the effects of socializing piglets prior to weaning and 
inclusion of pen enrichment on nursery pig behavior and performance.  Socialized piglets spent a shorter amount of time 
lying down during the first 24 hours following barrier removal compared to all other times and exhibited an increase 
in agonistic behavior.  Sows had higher levels of cortisol and spent less time lying down during the first 48 hours after 
piglet socialization compared to all other times.  In the nursery, piglets that were socialized prior to weaning had higher 
average daily gain (ADG) (0.48 ± 0.02 kg) and  lower occurrence of agonistic behavior (30.0 ± 2.5 percent) during the first 
six hours after weaning compared to those piglets that were not socialized prior to weaning (0.39 ± 0.03 kg and 85.0 ± 
3.5 percent, respectively).  Pens with environmental enrichment contained fewer piglets displaying agonistic behavior 
compared to pens without environmental enrichment during the first 12 hours after weaning.  The results of this study 
suggest that socializing piglets from different litters prior to weaning leads to temporary stress in lactating sows and 
an increase in agonistic behavior in piglets, but improves their performance after weaning.  Inclusion of environmental 
enrichment in the nursery is an effective means to reduce agonistic behavior between piglets.
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INTRODUCTION

Weaning piglets around 21 days of age is a critical 
time in hog production, as piglets are exposed to 
multiple stressors including separation from the sow, 
transportation, changes in diet, and an increase in 
aggression as new dominance hierarchies are established 
following the socialization of previously unfamiliar 
piglets (Held and Mendl 2001; Jensen 2002; King 
and Pluske 2003).

The mixing of piglets from different litters is thought 
to be the main cause of aggression after weaning 
(Keeling and Jensen 2002) as dominance hierarchy 
fighting is not seen between piglets from the same 
litter (Newberry et al. 2000).  Studies indicate that 
socializing piglets from different litters prior to weaning 
establishes a hierarchy more quickly than when piglets 
are socialized after weaning (D’Eath 2005; Hesselet 
al. 2006).  Also, the addition of environmental 
enrichments to the nursery pens appears to alleviate 
the incidence of aggressive fighting between piglets 
(Jolly et al. 2002; Wood et al. 2003).  

Weight gain in piglets immediately after weaning 

influences their long-term growth potential (Pluske et 
al. 2003), however stress associated with weaning causes 
piglets to experience a reduction in feed and water 
intake during the first few days after weaning (Bruininx 
et al. 2002; Dybkjær et al. 2006).  The low feed and 
water intake predisposes them to weaning diarrhea 
and weight loss (Madec et al. 1998; McCracken et 
al. 1999).  

Therefore, the objectives of this research were 
to determine the effects of socializing piglets prior 
to weaning and the inclusion of environmental 
enrichments in the nursery on the behavior and 
performance of piglets and sows.  The working 
hypothesis is that socializing the piglets prior to weaning 
and the incorporation of environmental enrichments 
in the nursery will improve post-weaning performance 
as measured by weight gain in the piglets and have no 
deleterious effects on sow performance.

MATERIALS AND METHODS
Animals and Housing

The study was conducted at the Dr. C. Richard 
Beckett Animal Science Building in Findlay, OH 
(United States).  In each of four replicates, six crossbred 
(Yorkshire x Hampshire) confirmed pregnant (trans-
abdominal ultrasound) sows (n=24) were washed and 
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placed into individual farrowing crates (2.0 m x 1.5 
m) within a farrowing room (7.5 m x 6.5 m x 4 m) 
five days prior to their expected farrowing date.  The 
farrowing crates were arranged in groups of three so 
that the middle crate shared a common solid partition 
on each side, with the outer crates. Each group of 
three crates faced the other three crates.  The farrowing 
room was a controlled-environment room, with 
automatically controlled fan ventilation set to maintain 
a room temperature of 20°C and controlled lighting 
which was on from 0700–1800.  Each sow was fed 
twice daily in the morning and evening a commercial 
pelleted lactation diet that met or exceeded the nutrient 
recommendations for lactating sows (NRC 2012), 
distributed in a stainless steel feeder attached to the 
front of the farrowing crate.  Sows were provided water 
on an ad libitum basis from individual bite drinkers.  

Over the four replicates, 160 piglets were weaned 
at the average age of 21 days and placed into slatted 
nursery pens (2.50 m x 1.25 m, 0.31 m2/piglet, 10 
piglets/pen) in a controlled-environment room, with 
automatically controlled fan ventilation set to maintain 
a room temperature of 22°C and controlled lighting 
which was on from 0700–1800.  Total transportation 
time from the farrowing crate to the nursery pen was 
10 minutes.   Feeding occurred ad libitum in a stainless 
steel feeder with five feeding stations attached to the 
nursery pen.  The ration was a commercial nursery diet 
that met or exceeded the nutrient recommendations 
for nursery pigs (NRC 2012).  Piglets were allowed 
water on an ad libitum basis from bite drinkers.

The study adhered to the guidelines for the treatment 
of animals in behavioral research and teaching and was 
approved by the Institutional Review Board (#570) of 
the University of Findlay, OH (United States).

Experiment 1:  Effects of socializing piglets prior 
to weaning on the behavior and performance 
of piglets and sows

Approximately 14 days after farrowing, the solid 
partitions were removed to permit the socializing of 
piglets from different litters.  Piglets were sprayed on 
their back with standard color stock marker to facilitate 
litter identification.  Piglets were weaned when the 
group average was 21 days after farrowing.  Each piglet 
was weighed daily from partition removal to weaning 
to determine performance.

The behavior of sows and piglets was continuously 
recorded on videotape and analyzed from 48 hours 
before barrier removal until weaning.  The specific 

behaviors that were observed and analyzed were 
previously described by Hessel et al. (2006) (Table 1).  
The behavior of the piglets was scored as a group and 
a specific behavior was recorded as occurring when 
more than 75 percent of the piglets were engaged in 
that particular behavior during a 24-hour time period. 

Saliva was obtained from each sow twice per day 
from 48 hours before barrier removal until weaning to 
determine cortisol levels.  Based on methods previously 
described by Muneta et al. (2010), medical absorbent 
cotton was tied to a wooden rod and placed in front 
of the sow to allow mastication by the sow.  After two 
minutes, the cotton was recovered by withdrawing 
the rod and placed into a 10 mL syringe. The syringe 
containing the cotton was then placed into a 50 mL 
conical tube and saliva was collected by centrifugation 
at 2500 x g for 15 minutes and kept at –30°C until 
the day of the assay.  Salivary levels of cortisol were 
determined using a cortisol immunoassay kit (Arbor 
Assays, Ann Arbor, MI, USA) which measured total 
cortisol in the samples based on a cortisol-peroxidase 
conjugate color change recorded at 450 nm.

Experiment 2:  Effects of environmental 
enrichment in the nursery on piglet behavior 
and performance

At weaning, 20 piglets from each treatment group 
were placed into four nursery pens (0.31 m2/piglet) 
with two pens containing environmental enrichment 
and two pens not containing environmental 
enrichment.  The environmental enrichments included 
a commercially available 25.5 cm diameter plastic 
ball (Jolly Ball, Streetsboro, OH, USA) and a 0.5 m 
x 0.5 m x 0.5 m cube constructed of 1.9 cm diameter 
polyvinyl chloride tubing.  Each piglet was weighed 
daily from the time of placement in the nursery to 35 
days of age to determine performance.

The behavior of piglets was continuously recorded 
on videotape and analyzed from weaning until 35 
days of age.  The behaviors of the piglets, as previously 
described by Hessel et al. (2006) (Table 1), were 
scored during a 24-hour time period as a group and 
a specific behavior was recorded as occurring when 
more than 75 percent of the piglets were engaged in 
that particular behavior. 

Statistical Analysis
Statistical analysis was performed using the MIXED 

procedures of SAS (SAS Institute Inc., Cary NC, 
USA).  Least squares means were evaluated using the 
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TABLE 1
Definition of the specific behaviors that were observed, adapted from Hessel et al. (2006)

Category               Definition

Farrowing room

   Sow

      Standing         Sow adopts an upright position with legs extended

      Sitting            The posterior of the body trunk is in contact with and supported by ground

      Nursing          Piglet has contact with their snout to the udder

      Lying              Sow’s body has contact with the ground

      Restlessness    One or a combination of the following: a lot of posture changes within a short time; 
                                        shifting from one foreleg to the other; head shaking; vocalization

   Piglet

      Lying              Piglet’s body has contact with the ground

      Suckling         Piglets massage or suck at the udder

      Active             Piglets in the pen perform any action in an upright position with the legs extended

      Agnostic         Physical encounters between at least two pigs including head-to-head fights, biting 
                                       another pig, as well as pushing or knocking another pig with the head

Nursery Room

      Lying             Piglet’s body has contact with the ground

      Active            Piglets in the pen perform any action in an upright position with the legs extended
 
      Feeding          Piglet is standing at the trough with head down; the head can either be in the the trough 
                                       or in front of the trough when pegs eat feed

      Agnostic         Physical encounters between at least two pigs including head-to-head fights, biting 
                                        another pig, as well as pusing or knocking another pig with the head

TUKEY option of SAS and results are reported as the 
least squares mean ± SEM.  In all analyses in both 
experiments, P < 0.05 was considered significant. 

Experiment 1, piglet performance (i.e. weight gain) 
was determined using treatment as a fixed factor and 
replicate as a random factor.  The behavioral data points 

of the piglets were aggregated into sums of each pen 
and each observational day and analyzed using fixed 
effects of observational day and random pen, replicate 
and operator (individual watching the video) effects.  
The behavioral data points of the sows were aggregated 
into sums of each sow and each observational day 
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and analyzed using fixed effects of observational day 
and random sows, replicate and operator (individual 
watching the video) effects.  The cortisol levels analysis 
used a model that included treatment, sow within 
treatment, and time as possible sources of variation.  
Sow effects were not significant (P > 0.05) and deleted 
from the final model.

Experiment 2 was conducted as a two (socializing 
between litters during lactation, no socializing between 
litters during lactation) X 2 (no environmental 
enrichment in the nursery pen, environmental 
enrichment in the nursery pen) factorial design.  
Performance and behavior of piglets were determined 
as described in Experiment 1.  

RESULTS
Experiment 1:  Effects of socializing piglets prior 
to weaning on the behavior and performance 
of piglets and sows

There were no differences between the average daily 
weight gain of the piglets socialized prior to weaning 
(0.25 ± 0.01 kg/day) and the piglets that were not 
socialized prior to weaning (0.23 ± 0.01 kg/day).  
Removal of the partitions between the farrowing crates 
did not influence the suckling and active behaviors in 
piglets that were socialized in the farrowing room 14 
days after birth (Table 2).  Removal of the partitions 
decreased (P < 0.05) the time spent lying down on 

the day of partition removal compared to all other 
days.  Additionally, after removal of partitions, the 
time spent exhibiting agonistic behavior increased (P 
< 0.05) the day of partition removal (0.06 ± 0.01 h) 
and the day after partition removal (0.05 ± 0.01 h).  
There was no difference in the time spent exhibiting 
agonistic behavior between piglets on the day of 
partition removal and the day after partition removal.

The profiles of sow behavior followed that of the 
piglets (Table 3).  Removal of the partitions decreased 
(P < 0.05) the time spent lying down on the day of 
partition removal compared to all other days.  Sows 
were more restless (P < 0.05) the day of partition 
removal (1.93 ± 0.04 hour) compared to all other 
times.  Similarly, cortisol levels obtained from sow 
saliva were higher (P < 0.05) on the day of partition 
removal in both the treatment and control groups 
compared to all other times (Figure 1).  However, 
salivary cortisol levels remained higher (P < 0.05) the 
day after partition removal in the treatment group 
compared to the control group.

Experiment 2: Effects of environmental 
enrichment in the nursery on piglet behavior 
and performance

There were no differences between the average 
daily weight gain of the piglets with environmental 
enrichment in the nursery (0.44 ± 0.03 kg/day) and 

TABLE 2
Time budgets (hours within a 24-hour day, standard error mean) for the behaviors performed 

by piglets (n= 160) in the experimental group1 two days before and seven days after
 removal of the partitions between the farrowing crates

Days relative to barrier removal
Behavior            -2          -1              0                1               2             3               5              6               7             8        SEM

Lying, h          18.2     18.45     17.51*     17.66     17.94     17.91     18.04     18.11     17.98    18.41    0.29

Suckling, h       2.5       3.14       2.13         2.31       2.66       3.22       2.86       2.95       2.12      2.14    0.65

Active, h           3.28     2.39       4.3           3.98       3.37       2.85       3.08       2.92       3.88     3.43     0.96

Agonistic, h      0.02     0.02       0.06*       0.05*      0.03       0.02       0.02       0.02       0.02     0.02     0.01

1Piglets of sows in the experimental group were socialized in the farrowing room at 14 days of age.

The sows (n = 24) remained confined.

*Within a row, means with different superscripts differ (P < 0.05).



44 VOL.  115PIGLET SOCIALIZATION AND ENVIRONMENTAL ENRICHMENTS AFFECTS PIGLET AND SOW PERFORMANCE

the piglets without environmental enrichment (0.44 ± 
0.02 kg/day) for the first 14 days in the nursery.  There 
were no differences between the average daily weight 
gain of the piglets in the nursery socialized prior to 
weaning (0.27 ± 0.04 kg/day) and the piglets that were 
not socialized prior to weaning (0.36 ± 0.04 kg/day) for 
the first three days in the nursery.  However, over the 
first 14 days in the nursery, piglets socialized prior to 
weaning (0.48 ± 0.02 kg/day) had a higher (P < 0.05) 
average daily weight gain than the piglets that were 
not socialized prior to weaning (0.39 ± 0.03 kg/day).

The percent of piglets performing agonistic behavior 
was higher (P < 0.05) during the first 12 hours in 
the nursery amongst those with no environmental 
enrichment compared to the piglets with access to 
environmental enrichment (Figure 2).  The percent 
of piglets performing agonistic behavior was higher 
(P < 0.05) during the first 12 hours in the nursery 
and between 24 to 36 hours after placement in the 
nursery amongst those that were not socialized prior to 
weaning compared to the piglets that were socialized 
prior to weaning (Figure 3).

DISCUSSION
Weaning and the first days in the nursery are stressful 

times for piglets (Puppe et al. 1997) because they are 
mixed with piglets from other litters and have an abrupt 
change in environment and diet (Merlot et al. 2004).  

These stressors increase aggressive behavior between 
piglets (Fels et al. 2012) and reduce performance 
(Bruininx et al. 2001).  Previous studies have shown 
that socializing piglets prior to weaning decreases 
fighting behavior in the nursery without reducing 
performance prior to weaning (Hessel et al. 2006).  
In addition, socializing piglets prior to weaning does 
not affect the behavior of the sows during lactation 
(Hessel et al. 2006) although there are reports that 
the nursing time of the piglets decreases due to the 
piglet socialization (Pederson et al. 1998; Weary et 
al. 1999).  Typically, there is a decrease in feed intake 
observed immediately after weaning which dissipates 
by 50 hours after placement into the nursery, when the 
piglets resume normal feed intake patterns (Bruininx 
et al. 2001, 2002).  However, the piglets have already 
decreased their feed intake and digestibility levels and 
reduced their average daily gain at this point in time 
(McCraken et al. 1999).  

Researchers have reported that the addition of 
environmental enrichments for the piglets during 
lactation (Jolly et al. 2002) or in the nursery (van 
de Weerd and Day 2009), are effective at reducing 
aggressive behavior and improving the piglets well 
being.  In agreement with these studies, our results 
showed that mixing piglets prior to weaning did not 
affect their weight gain during lactation nor have 
long-term negative effects on their behavior or well 

TABLE 3
Time budgets (hours within a 24-hour day, standard error mean) for the behaviors performed 

by sows (n = 24) in the experimental group1 two days before and seven days after
 removal of the partitions between the farrowing crates while the sows remained confined.

Days relative to barrier removal
Behavior                    -2          -1              0               1               2            3              5             6              7            8       SEM

Standing, hours       2.1        2           2.57       2.15       2.22      2.07      2.12      2.17       2.94     1.15    0.81

Sitting, hours           2.1       1.85      2.15        2.1         1.94      1.76      1.97      2.31      1         3.74     1.37

Nursing, hours         2.5       3.14      2.13        2.31       2.66     3.22       2.86      2.95      2.12    2.14     0.65

Lying, hours           17.22   16.96    15.22*    16.64     17.09    16.87    16.98    16.55    17.88   16.91    0.66

Restlessness, hours   0.08     0.05      1.93*       0.8        0.09      0.08       0.07      0.02      0.06    0.06     0.04

1Piglets of sows in the experimental group were socialized in the farrowing room at 14 days of age.

*Within a row, means with different superscripts differ (p < 0.05).
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being or the sows’ well being.  Additionally, piglets 
socialized prior to entering the nursery had greater 
levels of average daily weight gain during the first 14 
days and a decrease in agonistic behavior.  The inclusion 
of environmental enrichment in the nursery reduced 
agonistic behavior but did not improve performance 
as seen with the piglets socialized prior to weaning.

Few studies have considered the effects of socializing 
piglets prior to weaning on the sow.  Hessel et al. 
(2006) reported that the socializing of piglets prior to 
weaning does not adversely affect sow behavior.  Sows 
that are not confined during lactation typically have a 
reduction in nursing time due to the mixing of piglets 
(Pederson et al. 1998; Weary et al. 1999) and the piglets 

spend less time nursing despite an increased incidence 
of cross-suckling (Wattanakul et al. 1997).  The sows 
in our study were confined during the entire period 
of lactation.  Removal of the partitions between the 
farrowing pens caused an increase in restless behavior 
of the sows, which was balanced by a decrease in 
time spent lying down.  We speculate that this is a 
temporary, short-term effect, caused by environmental 
changes, as the increase in restlessness was only seen 
on the day of partition removal.  Cortisol levels were 
determined from saliva samples to evaluate levels of 
stress in the sows.  Comparable to the behavior profiles 
of the sows, the cortisol levels were higher on the day 
of partition removal in all of the sows in the farrowing 
room.  This indicates that the stress encountered by 
the sows experiencing barrier removal also occurs in 
the sows that were not exposed to socializing.  Related 
to the behavioral changes, this rise in cortisol was 
temporary, as on the following day the cortisol levels 
were not significantly higher in the sows that did not 
experience partition removal and by three days after 
partition removal, all sows in the room had similar 
levels of cortisol.

The mixing of pigs can lead to agonistic behavior in 
order to establish hierarchies within a group (Meese and 
Ewbank 1973).  It should not be a surprise that the same 
behavioral trend is seen when mixing piglets (Friend et 
al. 1983; McGlone and Curtis 1985; Keeling and Jensen 
2002) in addition to an increase in stress and cortisol 
levels of sows (Blecha et al. 1985).  However, mixing 
piglets at a young age (less than 28 days) potentially 
creates non-aggressive interactions (Jensen 2002; 
Hessel et al. 2006).  Pedersen et al. (1998) observed 

FIGURE 3.  Proportion of piglets (n = 160) performing agonistic 
behavior as a function of time after weaning that experienced 
socialization prior to weaning (Socialized) or did not experience 
piglet socialization (Control). Agonistic behavior means with 
different superscripts differ (P < 0.05). Values between times are 
not comparable. Data are expressed as mean ± SEM.

FIGURE 2.  Proportion of piglets (n = 160) performing agonistic 
behavior as a function of time after weaning that experienced 
environmental enrichment (Environmental Enrichments) in the 
nursery pen or did not experience environmental enrichment 
(Control). Agonistic behavior means with different superscripts 
differ (P < 0.05). Values between times are not comparable. Data 
are expressed as mean ± SEM.

FIGURE 1. Salivary cortisol levels in sows (n=24) two days 
before and seven days after partition removal that experienced 
socialization of piglets at 14 days of age (Socialized) or did not 
experience piglet socialization (Control). Means with different 
superscripts differ (P < 0.05). Data are expressed as mean ± SEM.
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playful interactions between co-mingled piglets around 
28 days of age and the fights that did occur were 
shorter in duration and fewer in injury (Pitts et al. 
2000).  In the present study, we socialized the piglets 
continuously beginning on day 14 after farrowing.  We 
observed an increase in agonistic behavior for the first 
48 hours after partition removal, which coincided with 
a decrease in the amount of time spent lying down.  
Contrary to previous findings, we did not notice a 
change in suckling behavior.  This is most likely due 
to the confinement of the sows in our study and not 
in the previous reported studies.  Regardless, there was 
no difference in the performance of the piglets during 
lactation regardless of mixing, which is in agreement 
with other reports (Hessel et al. 2006).

If the stress associated at weaning can be minimized, 
the performance levels of the nursery piglets should 
increase (Brooks and Tsourgiannis 2003).  The mixing 
of piglets from different litters based on weight and 
gender in the nursery increases aggressiveness and 
fighting and decreases their well being and growth 
performance (Puppe et al. 1997).  Therefore much 
research has been focused on minimizing the stress 
associated with weaning through the incorporation 
of environmental enrichments in the nursery (van de 
Weerd and Day 2009) or the farrowing room (Wood et 
al. 2003).  However, many believe the stress associated 
with the change in the diet outweighs the mixing 
stress (Bruininx et al. 2001; Merlot et al. 2004) and 
research has been focused on enhancing the feed intake 
of nursery piglets (Dybkjær et al. 2006) through feed 
and water additives.  We report that the inclusion of 
environmental enrichments in the nursery reduced 
the percent of piglets performing agonistic behavior 
during the first 12 hours in the nursery compared to 
those piglets that did not have access to environmental 
enrichment.  When considering socializing prior to 
weaning however, the socialized piglets had higher rates 
of weight gain during the first 14 days in the nursery 
compared to those piglets that were not socialized prior 
to weaning.  As expected, the piglets that were not 
socialized prior to weaning had a higher incidence of 
agonistic behavior during the daytime of the first two 
days in the nursery.  This further solidifies the claims 
that social hierarchies are the predominant force relative 
to stress and well being of the pigs (Meese and Ewbank 
1973; Puppe et al. 2008).  Our results, together with 
the findings described above, suggests the importance 
of minimizing stress on the pigs when changing from 

the farrowing room to the nursery.
Social hierarchies are found in all stages of pig 

production (Puppe et al. 2008) and those hierarchies 
could be based on the litter from which the pigs are 
from (Fels et al. 2012).  Research should focus on 
alternative management and methods of intervention 
to reduce the stress, while maintaining or possibly 
improving performance levels without attempting to 
eliminate innate behaviors.  Our results indicate that 
socializing earlier in life and providing additional 
environmental stimulation in the form of enrichment 
is one such mechanism to reduce stress and maintain 
performance levels.  Further investigation to find a 
cost-effective, easily manipulated system that producers 
can utilize in their operation is critical to reduce the 
stress associated with weaning while maintaining high 
quality production standards.

Based on the results of our study, we conclude that 
one way to reduce the stress associated with weaning 
piglets without affecting the sows in confinement 
is to socialize them prior to weaning and include 
environmental enrichment in the nursery pens.  

ACKNOWLEDGMENTS
The authors would like to thank the Ohio Animal 

Health Foundation for funding this project. 

LITERATURE CITED
Blecha F, Pollmann DS, Nichols DA. 1985. Immunologic 

reactions of pigs regrouped at or near weaning. Am J Vet 
Res. 46: 1934–1937.

Brooks PH, Tsourgiannis CA. 2003. Factors affecting the vol-
untary feed intake of the weaned pig. In: Pluske JR, Le 
Dividich J, Verstegen MWA, editors.  Weaning the pig - 
concepts and consequences. Wageningen, Netherlands: Wa-
geningen Academic Publishers,.  p. 81-115.

Bruininx EMAM, Van Der Peet-Schwering CMC, Schrama 
JW, Vereijken PFG, Vesseur PC, Everts H, Den Hartog LA, 
Beynen AC. 2001. Individually measured feed intake char-
acteristics and growth performance of group-housed wean-
ling pigs: effects of sex, initial body weight, and body weight 
distribution within groups. J Anim Sci. 79: 301–308.

Bruininx EMAM, Binnendijk GP, van der Peet-Schwering 
CMC, Schrama JW, den Hartog LA, Everts H, Beynen AC. 
2002. Effect of creep feed consumption on individual feed 
intake characteristics and performance of group-housed 
weanling pigs. J Anim Sci. 80: 1413–1418.

D’Eath RB. 2005. Socialising piglets before weaning improves 
social hierarchy formation when pigs are co-mingled post-
weaning. Appl Anim Behav Sci. 93: 199–211.

Dybkjær L, Jacobsen AP, Tøgersen FA, Poulsen HD. 2006. Eat-
ing and drinking activity of newly weaned piglets: Effects 
of individual characteristics, social mixing, and addition of 
extra zinc to the feed. J Anim Sci. 84: 702-711.

Fels M, Hoy S, Hartung J. 2012. Influence of origin litter on 
social rank, agonistic behaviour and growth performance of 



OHIO JOURNAL OF SCIENCE 47K LEDERGERBER AND OTHERS

piglets after weaning. Appl Anim Behav Sci. 139: 225-232.
Friend TH, Knabe DA, Tanksley TD. 1983. Behavior and 

performance of pigs grouped by three different methods at 
weaning. J Anim Sci. 57: 1406–1411.

Held S, Mendl M. 2001. Behaviour of the young weaned pig. In: 
Varley MA, Wiseman J, editors. The weaner pig - nutrition 
and management. Wallingford, United Kingdom: CABI 
Publishing.. p. 273–297.

Hessel EF, Reiners K, Van den Weghe HFA. 2006. Socializ-
ing piglets before weaning: Effects on behavior of lactating 
sows, pre- and postweaning behavior, and performance of 
piglets. J Anim Sci. 84: 2847-2855.

Jensen P. 2002. Behaviour of pigs. In: Jensen P, editor. The 
ethology of domestic animals -a introductory text. Walling-
ford, United Kingdom: CABI Publishing,. p. 159–172.

Jolly ES, Gaughan JB, King AK. 2002. Environmental enrich-
ment for neonatal pigs and its influence on post weaning 
aggression. J Anim Sci. 80: 25.

Keeling L, Jensen P. 2002. Behavioural disturbances, stress and 
welfare. In: Jensen P, editor. The ethology of domestic ani-
mals - an introductory text. Wallingford, United Kingdom: 
CABI Publishing,. p. 79–98.

King RH, Pluske JR. 2003. Nutritional management of the pig 
in preparation of weaning. In: Pluske JR, Le Dividich J, 
Verstegen MWA, editors. Weaning the pig - concepts and 
consequences. Wageningen, Netherlands: Wageningen Aca-
demic Publishers,. p. 37–51.

Madec F, Bridoux N, Bounaix S, Jestin A. 1998. Measurement 
of digestive disorders in the piglet at weaning and related 
risk factors. Prev Vet Med. 35: 53–72.

McCracken BA, Spurlock ME, Roos MA, Zuckermann FA, 
Gaskins HR. 1999. Weaning anorexia may contribute to 
local inflammation in the piglet small intestine. J Nutr. 129: 
613–619.

McGlone JJ, Curtis SE. 1985. Behavior and performance of 
weanling pigs in pens equipped with hide areas. J. Anim. 
Sci. 60: 20–24.

Meese GB, Ewbank R. 1973. Establishment and nature of 
dominance hierarchy in domesticated pig. Anim Behav. 21: 
326–334.

Merlot E, Meunier-Salaun MC, Prunier A. 2004. Behavioural, 
endocrine and immune consequences of mixing in weaned 
piglets. Appl Anim Behav. Sci. 85: 247–257.

Muneta Y, Yoshikawa T, Minagawa Y, Shibahara T, Maeda R, 
Omata Y. 2010. Salivary IgA as a useful non-invasive mark-
er for restraint stress in pigs. J Vet Med Sci. 72: 1295-1300.

Newberry RC, Spinka M, Cloutier S. 2000. Early social experi-
ence of piglets affects rate of conflict resolution with strang-

ers after weaning. In: Proceedings of the 34th International 
Congress of the ISAE; 2000 Oct 17-20; Florianópolis, 
Brazil. Florianópolis, Brazil: UFSC, Laboratory of Applied 
Ethology, 2000. p. 67.

NRC. 2012. Nutrient requirements of swine. 12th ed. Wash-
ington, D.C., United States: National Academy Press.

Pedersen LJ, Studnitz M, Jensen KH, Giersing AM. 1998. 
Suckling behaviour of piglets in relation to accessibility to 
the sow and the presence of foreign litters. Appl Anim Behav 
Sci. 58: 267–279.

Pitts AD, Weary DM, Pajor EA, Fraser D. 2000. Mixing at young 
ages reduces fighting in unacquainted domestic pigs. Appl 
Anim Behav Sci. 68: 91–197.

Pluske JR, Le Dividich J, Verstegen MWA. 2003. Conclusions. 
In: Pluske JR, Le Dividich J, Verstegen MWA, editors. 
Weaning the pig - concepts and consequences. Wageningen, 
Netherlands: Wageningen Academic Publishers..  p. 421.

Puppe B, Tuchscherer M, Tuchscherer A. 1997. The effect of 
housing conditions and social environment immediately after 
weaning on the agonistic behaviour, neutrophil/lymphocyte 
ratio, and plasma glucose level in pigs. Livestock Production 
Sci. 48: 157–164.

Puppe B, Langbein J, Bauer J, Hoy S. 2008. A comparative 
view on social hierarchy formation at different stages of pig 
production using sociometric measures. Livestock Sci. 113: 
155–162.

Van de Weerd HA, Day JRL. 2009. A review of environmental 
enrichment for pigs housed in intensive housing systems. 
Appl Anim Behav Sci. 116: 1-20.

Wattanakul W, Sinclair AG, Steward AH, Edwards SA, English 
PR. 1997. Performance and behaviour of lactating sows and 
piglets in crate and multisuckling systems: A study involving 
European White and Manor Meishan genotypes. Anim Sci. 
64: 339–349.

Weary DM, Pajor EA, Bonenfant M, Kross SK, Fraser D, Kramer 
DL. 1999. Alternative housing for sows and litters: effects of 
a communal piglet area on pre- and post-weaning behaviour 
and performance. Appl Anim Behav. Sci. 65: 123–135.

Wood C, Osborne B, Meder S, Young A, Damon A, Joseph J, 
Ashby M, O’Hare T, Kuehn LA. 2003. The effect of toys 
on performance and behavior of weanling pigs housed in 
littermate or mixed groups. J Anim Sci. 81: 34.


