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Abstract: This study was conducted to evaluate the effects of a toy on the behaviour and body weight of weaned
pigs after mixing. Two groups (192 pigs in total, control: without toy; treatment: with toy placed on the floor)
of weaned pigs housed in pens (1.8 m x 1.4 m, 4 pigs/pen) were observed with the aid of video technology for nine
consecutive hours in the early (days 1 and 2) and late (days 38 and 39) period after mixing. Body weight of pigs
at the end of the study (Mann-Whitney U-test, Z = —-2.46, P = 0.01) and the average daily gain (Z = -2.75, P < 0.01)
were 10% higher in the treatment group than in the control group. The presence of the toy in the pen influenced
the pig behaviours. In pens enriched with toys there was an increase of feeding behaviour and a decrease of ago-
nistic and belly nosing behaviours. Toy supply reduced negative social behaviours and thereby improved body
weight of weaned pigs. The results of this study suggest that toys used as environmental enrichment are useful
for enhancing the pig welfare and effective for farmers.
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Animal welfare is one of the most important is-
sues in the modern pig industry (Benson and Rollin
2004). Welfare conditions could be especially im-
portant in critical stages, such as weaning of pigs
when their performance may be influenced by be-
havioural, nutritional, and physiological changes
(Oliveira et al. 2016). Pigs of similar age and body
weight are bred in intensive pig production sys-
tems (Gracner et al. 2013). Weaned pigs are mixed
into groups with other litters, and are often reared
in restricted and barren housing conditions. These
breeding and housing conditions may be detrimen-
tal for animal welfare (Faucitano and Schaefer 2008;
Torralladona and Roura 2009).

Weaning and mixing of pigs are common in the
pig industry; however, these are stressful experienc-

es for the animals (Hayne and Gonyou 2006). Pigs
are separated from the sow and brood, and their
feeding and environment are changed. Moreover,
pigs are mixed with unfamiliar pigs from other lit-
ters (D’Eath 2002). Mixing and weaning are critical
periods for pigs because of their immature diges-
tive and immune functions, and potential aggres-
sive behaviour between pen mates (Melotti et al.
2011). They are susceptible to diseases in this pe-
riod (Turner et al. 2009). All these components may
lead to a reduction in the growth performance and
welfare of the pigs (Verdon et al. 2016).

To reduce stress caused by mixing, environ-
mental enrichment for the pen could be used.
Especially, environmental enrichment is an obliga-
tory requirement in the EU defined by Directive
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2008/120 and Recommendation 336/2016 (Godyn
etal. 2019). This enrichment may improve the bar-
ren conditions and appease behavioural needs
(Newberry 1995). It is widely accepted that envi-
ronmental enrichment that facilitates the natu-
ral behaviour of pigs may improve their welfare
(Beattie et al. 2000; Ismayilova et al. 2013). Most
commercially raised pigs are housed in concrete
pens without bedding such as straw, wood, hay,
or sawdust. It is impossible to use these materials
as environmental enrichments on the solid floor
of the housing systems. In these systems, single
point enrichment would be more useful as an al-
ternative (Docking et al. 2008).

Environmental enrichment could have positive
effects on a reduction of aggressive behaviour
by developing their social skills and changing be-
havioural priorities (Beattie et al. 2000; Bolhuis
et al. 2006; Melotti et al. 2011; Nannoni et al. 2016).
Toy supplying would be an effective environmental
enrichment for the pens. Moreover, a cheap and
easy manageable toy may be useful in the pig in-
dustry. We hypothesized that supplying toys with
the aim of improving the welfare of pigs would posi-
tively influence their behaviour and body weight.
Therefore, this study was conducted to evaluate
the effects of toy on the behaviour and body weight
of weaned pigs after mixing.

MATERIAL AND METHODS

The experimental protocols describing the manage-
ment and care of the animals were reviewed and ap-
proved according to the Guide for the Care and Use
of Laboratory Animals (Institutional Animal Care
and Use Committee of National Institute of Animal
Science, NIAS 2014-289).

The experiment was carried out at the experimen-
tal farm of the National Institute of Animal Science
in Cheonan (Chungnam Province, South Korea),
using 192 weaned pigs (Landrace x Yorkshire x
Duroc). The weaned pigs were reared in 1.8 x 1.4 m
pens with solid plastic flooring and a heat lamp. Pigs
were weaned at 27 (+ 1.5) days of age and mixed
in different groups: control (four individuals per
pen without toy) and treatment (four individuals
per pen with toy). Final body weight was measured
on day 42 after weaning. For control and treatment
groups, the pigs were randomly selected from lit-
ters and mixed in pens. The sex ratio was 1:1.
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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 approximately 28 +
1°C. Each pen was provided with a stainless-steel
feeder and a nipple drinker that allowed the pigs
ad libitum access to food and water throughout
the experiment (Kelly et al. 2000). In the treat-
ment group, one toy was supplied in each pen.
The toy was made of silicon rubber (24 x 14 x
10 cm, width x length x height; white colour; 2 kg).
It was placed on the floor. Moreover, there were
no differences in animal care conditions between
the two groups, excluding the toy. The toy can-
not be used alone in the EU because they are not
in agreement with requirements mentioned in EU
Recommendation 336/2016.

In total forty-eight replicate pens were evalu-
ated in the control (# = 24) and treatment (n = 24)
groups. A wide-angle video camera was installed
at the centre of the ceiling, so that all the areas of
the pens could be observed. The behaviours of the
pigs were video-recorded continuously for 9 h per
day for the early (days 1 and 2) and late (days 38
and 39) periods after mixing. All behavioural data
were obtained from video images that were digitally
recorded from 09:00 to 18:00. Instantaneous scan
sampling was carried out at 10 min intervals. All
video recordings were viewed by a trained observer
who was blinded to which groups are experimental
or control to eliminate subjective bias and interindi-
vidual discrepancy (Li and Wang 2011; Rhim 2012).

The following self-maintenance and social be-
haviours were recorded: drinking, feeding, in-
active, locomotion, pen exploration, excretion,
play, other, agonistic, belly nosing, tail biting and
other social behaviours (Table 1). The frequen-
cy of the individual performing the behaviour,
as well as the individual receiving the behav-
iour, was noted. The behavioural time values pre-
sented are the means and standard errors of the
relative frequencies of each behaviour, calculated
from the results obtained from the observation
of each group (Rhim et al. 2015; Hwang et al. 2016).

Data analysis was performed using SAS/STAT®
software, v9.4 (SAS Institute, Cary, NC, USA),
with the pen serving as the experimental unit.
The residual data sets were tested for normal-
ity using the Univariate Procedure of SAS (Rhim
et al. 2015). The data were not normally distrib-
uted, so the behavioural data and body weight were
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Table 1. Ethogram of behavioural categories and their respective definitions

Behaviour Description

Self-maintenance

Drinking Drinking water or manipulating the drinker with or without ingestion of water
Feeding Head positioned in the feeder or chewing food displaced from the feeder
Inactive Motionless and sleeping

Locomotion Any movement including walking, running, scampering, and rolling

Pen exploration Sniffing, touching, sucking or chewing any object that is part of the pen

Elimination Defecating or urinating

Play Playing with toy and other piglets

Other All other self-maintenance behaviors not listed above
Social

Agonistic Biting, head-thrusting, ramming, or pushing another piglet
Belly nosing Repeated thrusting of snout into the belly of another piglet

Interaction between individuals
of adjacent pen

Social interaction including threatening, ramming, or head-thrusting gestures
with another piglet in adjacent pen

Having the tail of another piglet in its mouth and biting or pulling hard enough

Tail biting to cause a reation in the other piglet
All other social interactions including mounting, head rubbing and nosing parts

Other social of the body other than the belly

analysed by the Mann-Whitney U-test between
the control and treatment groups, and P-values
were calculated. Values were considered statisti-
cally significant at P < 0.05.

RESULTS

The average initial (day 1 after weaning) body
weight of the pigs when placed in a pen was 8.99 +
0.30 kg. The body condition and weights of weaned
pigs did not differ at the start time of the study
in the control and treatment groups. There was no
difference in the body weight of weaned pigs on
day 1 after mixing between the control and treat-
ment group (Mann-Whitney U-test, Z = -1.77,
P = 0.77). However, the mean body weight at the
end of the study (day 42 after mixing) was 32.20 kg
in the control and 35.28 kg in the treatment group.

The body weights of pigs at the end of the study
were significantly different between the two groups
(Z = -2.46, P = 0.01). Moreover, average daily
body weight gain was significantly higher in the
treatment than in the control group (Z = -2.75,
P < 0.01) (Table 2).

During the early period after mixing, the fre-
quencies of pen exploration (Z = —2.40, P = 0.02),
excretion (Z = =1.99, P = 0.04), other (Z = —-2.48,
P = 0.01), agonistic (Z = -2.81, P = 0.01), and
belly nosing (Z = -2.48, P = 0.01) behaviours
were higher in the control than in the treatment
group. Frequencies of those behaviours, feeding
(Z=-2.53,P=0.01) and play (Z = -6.70, P < 0.01)
were higher in the treatment group than in the
control group (Table 3). However, the frequencies
of all self-maintenance and social behaviours ex-
cept feeding (Z = -1.93, P = 0.05), play (Z = —-6.93,
P < 0.01), and agonistic (Z = -2.72, P = 0.01), and

Table 2. Initial (day 1 after weaning) and final (day 42 after weaning) body weight, and average daily gain of weaned

piglets in the control (four piglets/pen without toy) and treatment (four piglets/pen with toy) group

Control (n = 24) Treatment (1 = 24) Z P
Initial body weight on day 1 (kg) 8.95+0.25 9.05 + 0.35 -1.77 0.77
Final body weight on day 42 (kg) 32.20 + 0.61 35.28 + 0.93 -2.46 0.01

Average daily gain (g/day) 564.75 £ 11.18

625.49 + 15.31 -2.75 <0.01

Comparisons between the control and treatment group are based on the Mann-Whitney U-test
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Table 3. Time spent (%) on self-maintenance and social behaviours of weaned piglets in the control (four piglets/pen

without toy) and treatment (four piglets/pen with toy) group in the early period after mixing

Control (n = 24) Treatment (1 = 24) Z p

Self-maintenance

Drinking 6.70 £ 0.71 6.14 + 0.68 -0.70 0.48
Feeding 5.96 + 0.78 8.95 +0.73 -2.53 0.01
Inactive 62.04 + 2.33 62.13 + 2.35 -0.09 0.92
Locomotion 15.15+1.25 18.58 + 1.34 —-0.05 0.96
Pen exploration 1.88 +0.36 1.17 +0.30 —-2.40 0.02
Excretion 0.42 + 0.14 0.10 £ 0.02 -1.99 0.04
Play 0.00 + 0.00 2.58 £ 0.41 -6.70 <0.01
Other 0.27 £ 0.12 0.00 + 0.00 -2.48 0.01
Social

Agonistic 3.95 + 0.28 0.81 + 0.05 -2.81 0.01
Belly nosing 0.24 + 0.10 0.00 + 0.00 -2.48 0.01
Tail biting 0.05 £+ 0.04 0.00 + 0.00 -1.43 0.15
Other social 1.19 £ 0.27 1.23 +0.33 -0.95 0.34

Comparisons between the control and treatment group are based on the Mann-Whitney U-test

Table 4. Time spent (%) on self-maintenance and social behaviours of weaned piglets in the control (four piglets/pen

without toy) and treatment (four piglets/pen with toy) group in the late period after mixing

Control (n = 24) Treatment (1 = 24) Z P

Self-maintenance

Drinking 4.27 £ 047 4.31 +£0.48 -0.06 0.95
Feeding 7.01 £+ 0.69 12.36 + 0.74 -1.93 0.05
Inactive 68.12 + 1.62 66.74 + 1.63 —-0.69 0.48
Locomotion 14.76 + 0.89 12.60 + 0.82 -1.63 0.10
Pen exploration 0.49 = 0.09 0.08 = 0.04 -1.55 0.12
Excretion 1.38 £+ 0.26 1.38 £ 0.26 -0.14 0.89
Play 0.00 £ 0.00 2.25 £ 0.36 -6.93 <0.01
Other 0.04 + 0.04 0.32 +0.17 -1.34 0.18
Social

Agonistic 1.54+0.12 0.21 + 0.03 -2.72 0.01
Belly nosing 0.12 + 0.01 0.59 + 0.09 -2.59 0.01
Tail biting 0.00 + 0.00 0.01 +£0.01 -0.99 0.32
Other social 1.45+0.25 1.62 +0.31 -0.03 0.98

Comparisons between the control and treatment group are based on the Mann-Whitney U-test

belly nosing (Z = —2.59, P = 0.01) were not different
between the control and treatment group during
the late period after mixing (Table 4).

In self-maintenance behaviour, inactive (Z = —2.28,
P = 0.02) and excretion (Z = -6.31, P = 0.03) be-
haviours were higher during the late than during
the early period. The frequencies of drinking, loco-
motion, pen exploration, and other behaviours were
higher during the early period. Among social be-
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haviours, agonistic behaviour (Z = -3.81, P < 0.01)
was higher during the early period (Table 5).

The frequencies of drinking (Z = —3.10, P < 0.01),
locomotion (Z = -3.50, P < 0.01), pen exploration
(Z = -4.82, P < 0.01) and agonistic (Z = -6.25,
P < 0.01) behaviours were higher during the early
period. Moreover, feeding (Z = —2.10, P = 0.04),
excretion (Z = —3.74, P < 0.01), and belly nosing
(Z =-2.81, P <0.01) behaviours were higher during
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Table 5. Time spent (%) on self-maintenance and social behaviours of weaned piglets in the early and late periods

after mixing in the control (four piglets/pen without toy) group

Early Late V4 p
Self-maintenance
Drinking 6.70 + 0.71 4.27 +0.17 -3.82 <0.01
Feeding 6.96 + 0.48 8.01 + 0.69 —-0.01 0.93
Inactive 62.04 + 2.33 68.12 + 1.62 -2.28 0.02
Locomotion 18.15+1.25 14.96 + 0.89 —2.24 0.03
Pen exploration 1.88 +0.36 0.49 + 0.08 —-6.22 <0.01
Excretion 0.42 + 0.07 1.38 £0.26 —-6.31 0.03
Play 0.00 + 0.00 0.00 + 0.00 - -
Other 0.27 £ 0.01 0.04 + 0.01 -2.64 <0.01
Social
Agonistic 1.39£0.28 0.74 + 0.09 -3.81 <0.01
Belly nosing 0.24 £+ 0.05 0.56 + 0.08 —-0.89 0.37
Tail biting 0.05 + 0.01 0.00 + 0.00 -1.84 0.07
Other social 1.19 £ 0.27 1.45+0.25 -0.26 0.80

Comparisons between the early and late period after mixing are based on the Mann-Whitney U-test

the late period. The frequencies of inactive, play,
other, tail biting, and other social behaviours did
not differ between the two groups (Table 6).

DISCUSSION

Wild boars seek their food in the soil. Despite se-
lection by humans, pigs still retain vestiges of their

natural exploration tendencies (Fraser et al. 1991).
The pig’s intrinsic tendency to explore and dig is
particularly evident in poor environmental condi-
tions. In poor environments, the tendency is direct-
ed at other pigs in the same pen, and can be shown
as aggression, tail biting, or cannibalism (Keeling
and Gonyou 2001; Van de Weerd et al. 2005). Toys
can be a “novelty aspect” which allows pigs to ex-
press exploratory behaviour (Nowicki et al. 2015).

Table 6. Time spent (%) on self-maintenance and social behaviours of weaned piglets in the early and late periods

after mixing in the treatment (four piglets/pen with toy) group

Early Late V4 P

Self-maintenance

Drinking 6.14 + 0.48 4.31+£0.38 -3.10 <0.01
Feeding 5.95+0.73 9.36 £ 0.74 -2.10 0.04
Inactive 62.13 + 2.35 61.74 + 1.58 -1.52 0.13
Locomotion 18.58 + 1.34 12.60 + 0.78 -3.50 <0.01
Pen exploration 1.17 + 0.06 0.08 £ 0.01 —4.82 <0.01
Excretion 0.10 £ 0.02 141+0.18 -3.74 <0.01
Play 2.58 £ 041 2.25 + 0.36 -1.95 0.05
Other 0.00 £ 0.00 0.32 £ 0.12 -1.55 0.12
Social

Agonistic 2.00 + 0.37 0.46 + 0.02 -6.25 <0.01
Belly nosing 0.00 £ 0.00 0.54 + 0.01 -2.81 <0.01
Tail biting 0.00 + 0.00 0.01 + 0.01 -0.77 0.44
Other social 1.24 + 0.14 1.62 + 0.31 -0.74 0.46

Comparisons between the early and late period after mixing are based on the Mann-Whitney U-test
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Toys also seem to be able to keep attention of pigs
(Moinard et al. 2003). However, the interest in toys
decreases within a few days (Ernst et al. 2018). It
is the reason why they should be replaced or more
attractive than plastic and rubber toys.

The results of this study showed that the pres-
ence of the toy in the pen influenced the pig behav-
iours. In pens enriched with toys, the pigs remained
for a long time close to the toys during the study
period. This can be explained by the increased play
and decreased social behaviour (such as agonistic)
of the pigs in toy enriched pens. This may suggest
that the social hierarchy of weaned pigs was more
quickly established in the treatment group, and
that the presence of a toy made the adjustment
to mixing easier (Nowicki et al. 2007).

Environmental enrichment can be defined as an
increase in the physical and emotional functioning
of captive animals, resulting from changes in their
environment (Newberry 1995). Moreover, it should
improve animal welfare by decreasing social stress
and increasing animals’ ability to cope with be-
havioural and physiological challenges (Docking
et al. 2008; Trickett et al. 2009; Gracner et al. 2013).
There were higher agonistic and belly nosing be-
haviours in the control group. It demonstrated
that changes in the environment resulted in im-
proved welfare. Provision of a toy may reduce the in-
teraction with other pigs and reinforce manipulative
activities involving the mouth and snout (Van de
Weerd et al. 2003). It may also result in a decrease
in adverse behaviours, such as agonistic and belly
nosing (Petersen et al. 1995). Moreover, providing
environmental enrichment after weaning can pro-
vide distraction for pigs, and may induce growth
performance by an increase of feeding behaviour
(Moncek et al. 2004; Dudink et al. 2006).

The weaning and mixing of pigs often are practiced
for economic reasons. Pigs being mixed with strange
pen mates can cause agonistic behaviour for a so-
cial position within the group (Keeling and Gonyou
2001; Nowicki and Klocek 2012); this behaviour is
especially visible after mixing, which is a very stress-
ful event. Mixing is often associated with vigorous
agonistic behaviour which is necessary for the estab-
lishment of social hierarchy, and it is associated with
growth check (Keeling and Gonyou 2001). Moreover,
increased salivary cortisol concentrations can be
found in pigs after mixing (Merlot et al. 2004). Most
of the aggressive behaviour occurs during the first
hours after mixing, and it steadily decreases for sev-
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eral days after mixing (Keeling and Gonyou 2001).
In this study, the weaned pigs showed higher ago-
nistic, locomotion, and pen exploration behaviours,
and lower inactivity during the early period after
mixing; this was probably because of increased pig
nervousness due to their unstable social status.

Environmental enrichment facilitates the reduc-
tion of social pressure, which leads to a decrease
in aggressive activity (Newberry 1995). Also, ago-
nistic behaviour was decreased in toy supplied pens
in the present study. A decrease in the frequency
of agonistic behaviour and an increase of feeding fre-
quency are connected with redirecting the weaned
pig activity towards the toy and may cause improve-
ments in productivity (Beattie et al. 2000; Melotti
et al. 2011; Nowicki and Klocek 2012). There
was higher play behaviour of weaned pigs in the
treatment group during the early and late periods.
Moreover, the lower proportion of agonistic and
belly nosing behaviour had a positive influence on
body weight gain of the animals assigned to the toy
supplied group (Oliveira et al. 2016). In spite of the
fact that the rubber toy use in this study has very
few traits mentioned in the EU Recommendation,
it is still effective for the welfare of weaned pigs.
The Recommendation in the EU may be too strict.
Therefore, there is a need to revise and implement
materials of environmental enrichment.

CONCLUSION

Toy supply reduced negative social behaviours
and thereby improved the welfare of weaned pigs.
Moreover, body weight was higher in the pens of toy
supply. The results of this study suggest that toys used
as environmental enrichment are useful and effective
for farmers. In addition, more investigations on toys
should be carried out to confirm their effects on the
growth performance and animal welfare in pigs.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Beattie VE, O’Connell NE, Moss BW. Influence of envi-

ronmental enrichment on the behaviour, performance



Original Paper

Czech Journal of Animal Science, 66, 2021 (08): 323-330

and meat quality of domestic pigs. Livest Prod Sci. 2000
Jul 1;65(1-2):71-9.

Benson GJ, Rollin BE. The well-being of farm animals: Chal-
lenges and solutions. 1st ed. Ames, USA: Blackwell Pub-
lishing; 2004. 378 p.

Bolhuis JE, Schouten WGP, Schrama JW, Wiegant VM. Ef-
fects of rearing and housing environment on behaviour
and performance of pigs with different coping character-
istics. Appl Anim Behav Sci. 2006 Dec 1;101(1-2):68-85.

D’Eath RB. Individual aggressiveness measured in a resi-
dent-intruder test predicts the persistence of aggressive
behaviour and weight gain of young pigs after mixing.
Appl Anim Behav Sci. 2002 Jun 28;77(4):267-83.

Docking CM, Van de Weerd H, Day JEL, Edwards SA.
The influence of age on the use of potential enrichment
objects synchronization of behavior of pigs. Appl Anim
Behav Sci. 2008 Apr 1;110(3-4):244-57.

Dudink S, Simonse H, Marks I, de Jonge H, Spruijt BM.
Announcing the arrival of enrichment increases play be-
havior and reduces weaning-stress-induced behaviours
of piglets directly after weaning. Appl Anim Behav Sci.
2006 Dec 1;101(1-2):86-101.

Ernst K, Ekkelboom M, Kerssen N, Smeets S, Sun Y, Yin X.
Play behavior and environmental enrichment in pigs:
Concretizing principle-based regulation Article 2.22,
paragraph 1 from The Animal Keepers Decree to improve
pig welfare. Wageningen, The Netherlands: Wageningen
University & Research; 2018 Jun 29. 59 p.

Faucitano L, Schaefer AL. Welfare of pigs: From birth to
slaughter. Wageningen, The Netherlands: Wageningen
Academic Publishers; 2008. 316 p.

Fraser D, Phillips PA, Thompson BK, Tennessen T. Effects
of straw on the behaviour of growing pigs. Appl Anim
Behav Sci. 1991 May 1;30(3-4):307-18.

Godyn D, Nowicki J, Herbut P. Effects of environmental
enrichment on pig weflare—a review. Animals. 2019
Jun;9(6): 17 p.

Gracner GG, Semiga N, Ostovic M, Kabalin AE, Matko-
vic K, Pavicic Z. The effect of environmental enrichment
objects on weight gain in weaned pigs. Vet Arhiv. 2013
May;83(3):333-9.

Hayne SM, Gonyou HW. Behavioural uniformity or diver-
sity? Effects on behavior and performance following
regrouping in pigs. Appl Anim Behav Sci. 2006 Jun 1;
98(1-2):28-44.

Hwang HS, Lee JK, Eom TK, Son SH, Hong JK, Kim KH,
Rhim SJ. Behavioral characteristics of weaned piglets
mixed in different groups. Asian-Australas ] Anim Sci.
2016 Jul;29(7):1060-4.

Ismayilova G, Costa A, Fontana I, Berckmans D, Guarino M.

Labelling the behaviour of piglets and activity monitor-

329

https://doi.org/10.17221/22/2021-CJAS

ing from video as a tool of assessing interest in different
environmental enrichments. Ann Anim Sci. 2013 Jul 1;
13(3):611-21.

Keeling L], Gonyou HW. Social behaviour in farm animals.
Oxon, UK: CAB International; 2001. 432 p.

Kelly HRC, Bruce JM, English PR, Fowler VR, Edwards SA.
Behaviour of 3-week weaned pigs in Straw-Flow®, deep
straw and flat deck housing systems. Appl Anim Behav
Sci. 2000 Jul 1;68(4):269-80.

Li Y, Wang L. Effects of previous housing system on ago-
nistic behaviors of growing pigs at mixing. Appl Anim
Behav Sci. 2011 Jun 1;132(1-2):20-6.

Melotti L, Oostindjer M, Bolhuis JE, Held S, Mendl M. Cop-
ing personality type and environmental enrichment affect
aggression at weaning in pigs. Appl Anim Behav Sci. 2011
Sep 1;133(3-4):144-53.

Merlot E, Meunier-Salaun MC, Prunier A. Behavioural,
endocrine and immune consequences of mixing in
weaning piglets. Appl Anim Behav Sci. 2004 Mar 25;
85(3-4):247-57.

Moinard C, Mendl M, Nicol CJ, Green LE. A case control
study of on-farm risk factors for tail biting in pigs. Appl
Anim Behav Sci. 2003 May 21;81(4):333-55.

Moncek F, Dunck R, Johansson BB. Effect of environmental
enrichment on stress related systems in rats. ] Nueroen-
docrinol. 2004 May;16(5):423-31.

Nannoni E, Sardi L, Vitali M, Trevisi E, Ferrari A, Barone F,
Bacci ML, Barbieri S, Martelli G. Effects of different en-
richment devices on some welfare indicators of post-
weaned undocked piglets. Appl Anim Behav Sci. 2016
Nov 1;184:25-34.

Newberry RC. Environmental enrichment: Increasing
the biological relevance of captive environments. Appl
Anim Behav Sci. 1995 Sep 1;44(2-4):229-43.

Nowicki J, Klocek C. The effect of aromatized environmen-
tal enrichment in pen on social relations and behavioural
profile of newly mixed weaner. Ann Anim Sci. 2012 Jul 1;
12(3):403-12.

Nowicki J, Kopyra M, Klocek C. The behavioural reaction
of weaners to hang toys: Wooden ball and aromatized
wooden ball — way to reduce aggression after mixing.
J Cent Eur Agric. 2007 Dec 27;8(4):447-52.

Nowicki J, Swierkosz S, Tuz R, Schwarz T. The influence
of aromatized environmental enrichment objects with
changeable aromas on the behaviour of weaned piglets.
Vet Arhiv. 2015 Sep 2;85(4):425-35.

Oliveira RF, Soares RTRN, Molino JP, Costa RL, Bonaparte
TP, Silva ET Jr, Pizzutto CS, Santos IP. Environmental
enrichment improves the performance and behavior
of piglets in the nursery phase. Arq Bras Med Vet Zootec.
2016 Mar;68(2):415-21.



Original Paper

Czech Journal of Animal Science, 66, 2021 (08): 323-330

Petersen V, Simonsen HB, Lawson LG. The effect of envi-
ronmental stimulation on the development of behaviour
in pigs. Appl Anim Behav Sci. 1995 Nov 1;45(3-4):215-24.

Rhim SJ. Effects of group size on agonistic behaviors of
commercially housed growing pigs. Rev Colomb Cienc
Pecu. 2012 Sep;25(3):353-9.

Rhim SJ, Son SH, Hwang HS, Lee JK, Hong JK. Effects
of mixing on the aggressive behavior of commercially
housed pigs. Asian-Australas ] Anim Sci. 2015 Jul;28
(7):1038-43.

Torralladona D, Roura E. Voluntary feed intake in pigs.
Wageningen, The Netherlands: Wageningen Academic
Publishers; 2009. 368 p.

Trickett SL, Guy JH, Edwards SA. The role of novelty in en-
vironmental enrichment for the weaned pig. Appl Anim
Behav Sci. 2009 Jan 15;116(1):45-51.

Turner SP, Roehe R, D’Eath RB, Ison SH, Farish M, Jack
MC, Lundeheim N, Rydhmer L, Lawrence AB. Genetic

validation of postmixing skin injuries in pigs as an indica-

330

https://doi.org/10.17221/22/2021-CJAS

tor of aggressiveness and the relationship with injuries
under more stable conditions. ] Anim Sci. 2009 Oct 1;
87(10):3076-82.

Van de Weerd HA, Docking CM, Day JEL, Avery PJ, Ed-
wards SA. A systematic approach towards developing
environmental enrichment for pigs. Appl Anim Behav
Sci. 2003 Nov 25;84(2):101-18.

Van de Weerd HA, Docking CM, Day JEL, Edwards SA.
The development of harmful social behaviour in pigs with
intact tails and different enrichment backgrounds in two
housing systems. Anim Sci. 2005 Jun;80(3):289-98.

Verdon M, Morrison RS, Hemsworth PH. Rearing piglets
in multi-litter group lactation systems: Effects on piglet
aggression and injuries post-weaning. Appl Anim Behav
Sci. 2016 Oct 1;183:35-41.

Received: February 9, 2021
Accepted: June 21, 2021
Published online: July 22, 2021



