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Abstract

The aim of this study was to explore the preference and the duration of interest of weaned pigs to
two different types of environmental enrichments using labelling techniques and activity monitor-
ing. Two pens each housing 14 Dalland piglets were monitored using a video camera. The videos
were labelled during the weaning phase from 30 to 60 days of age. During this time, the video
recording software continuously calculated the activity index of the pigs. To detect pig exploratory
and playing behaviour, a wooden block and chain enrichment were introduced into each pen for
30 days. Each video frame was manually labelled during the Day 1, 5 and 30 (24 hours a day) for
each pen using the Labelling Tool software. To identify the duration and frequency of interactive
episodes with environmental enrichments, pig behaviour was labelled as either: no activity, inter-
acting with chain or interacting with the wooden block. The mean duration of interactive episodes
for the chain was greater than for the wooden block (P<0.001), while the frequency of interactive
episodes was 28.8% higher for the wooden block than for the chain. By day 5, the mean duration of
interaction episodes decreased in both pens and by day 30, only a few interaction episodes were ob-
served. The number of interactive episodes were strictly related to the activity index and depended
on the time of the day. The peaks of the mean number of interactive episodes calculated for all days
of observations corresponded to the peaks of the mean activity index.
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Numerous scientific studies under farm conditions show that pigs tend to display
the same habits and behaviour as wild pigs including foraging, playing and explorat-
ing (Wood-Gush and Vestergaard, 1991; Van de Weerd and Day, 2009). Many sci-
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entific studies have also shown that modern intensive farms compromise the natural
behaviours of pigs resulting in negative social behaviours such as tail and ear biting
(Meunier-Salaun et al., 1987; Fraser et al., 1991; Van de Weerd et al., 2006) and ag-
gression towards their penmates (Kelly et al., 2000; Melotti et al., 2011).

It is widely accepted that environmental enrichments that facilitate the natural
motivated behaviours of pigs improve their welfare (Wood-Gush and Beilharz, 1983;
Arey, 1993; Beattie et al., 2000) and more specifically can: reduce aggressive behav-
iour (Grandin, 1989; Schaefer et al., 1990; Beattie et al., 1996; Melotti et al., 2011;
Nowicki and Klocek, 2012); reduce belly nosing (Beattie et al., 1996; Rodarte et
al., 2004; Bench and Gonyou, 2006); reduce tail biting (Bee 1993; Petersen et al.,
1995; Van der Weerd et al., 2005; Zonderland et al., 2008); and improve production
performance (Beattie et al., 1995; O’Connell and Beattie, 1999; Beattie et al., 2000)
and ease of handling (Day et al., 2002)

In order to enhance animal welfare on farms the EU Directive 2001/93/EC has
provided a minimum standard for the protection of pigs stipulating that: “Pigs must
have permanent access to a sufficient quantity of material to enable proper investi-
gation and manipulation activities, such as straw, hay, wood, sawdust, mushroom
compost, peat or a mixture of such, which does not compromise the health of the ani-
mals.” However, some substrates suggested by the Directive 2001/93/EC are imprac-
tical for industrial production (Fraser et al., 1991; Van de Weerd et al., 2003). For ex-
ample, large quantities of straw, hay or sawdust in standard pens with partly or fully
slatted floors may block the liquid-slurry disposal systems (Van de Weerd and Day,
2009). The effective environmental enrichment provided to the pigs should not only
enable the expression of relevant natural behaviours and maintain their interest, but
also be practical for the existing farming systems and cost-effective for the farmers.
At present, the use of point-source enrichment objects such as chains and wood
blocks are a widespread alternative to disposable substrates. Point-source objects are
often referred to as ‘toys’ and generally limited in size. Their use is often restricted
to a single location in a pen (Van de Weerd and Day, 2009). Despite many scientific
studies on the effect of different types of point-source objects on pigs (e.g. Bracke et
al., 2000), it is still not clear which of them is most effective and what type of envi-
ronmental enrichment is the most attractive to pigs and keeps their interest the longest.

The material characteristics of point-source objects play a crucial role in the in-
terest and frequency of pigs’ interactions with the object. The objects preferred by
weaned and growing pigs have been characterized as ‘chewable’, ‘deformable’ and
‘destructible’ (Grandin, 1989; Feddes and Fraser, 1994; Van de Weerd et al., 2003)
which may be linked to engaging in foraging and exploring behaviours. Some au-
thors suggest that the combination of the enrichments are more interesting for pigs
(Zonderland et al., 2003; Van de Weerd et al., 2003).

It is important that the enrichment provided is able to maintain continuous in-
terest of the animals to minimize the risk of behaviour being redirected towards
penmates (e.g. Wood-Gush and Vestergaard, 1991; Fraser et al., 1991; Bolhuis et
al., 2005). However, with point-source objects, pigs can become habituated to them
within a few days after introduction (Van de Weerd et al., 2003; 2009), indicating that
these enrichments lose novelty and pigs’ interest (Nowicki and Klocek, 2012).
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Understanding how pigs interact with enrichments over time is essential for curb-
ing negative behaviour and promoting positive ones. Using tools to continuously
monitor and quantify pig behaviour allows farmers to intervene as suitable. As stated
by Cangar et al. (2008), changes in the behaviour of farm animals indicate that hu-
man intervention is necessary.

The aim of the present study was to evaluate pigs’ interest and preference toward
two commonly used point-source environmental enrichments (chains and wooden
blocks) through monitoring their activity and labelling playing and exploratory be-
haviours. The methodology to evaluate animal behaviour was developed with an
approach of Precision Livestock Farming (PLF). One of the objectives of Precision
Livestock Farming (PLF) is to develop on-line tools for monitoring farm animals
continuously and automatically during their life. The objective is to measure crite-
ria calculated on-line from collected data without imposing additional stress to the
animals. Besides on-line automatic monitoring, PLF also offers possibilities in auto-
matic control for supporting the management of such complex biological production
processes (e.g. feeding strategies, growth rate control, activity control) (Morag et al.,
2001; Halachmi et al., 2002; Aerts et al., 2003 a, b; Guarino et al., 2004).

Material and methods

Housing conditions and animals

Experiments were conducted in a swine weaning building located in Pianura
Padana, Pavia province, Italy. The building was naturally ventilated, containing six
fully-slatted pens (1.90 m x 2.50 m) located in two rows of three on either side of an
access area 0.80 m wide. Additional lighting over the experimental pens facilitated
video recording.

A total of 28 Dalland piglets (14 males and 14 females) aged 30 days and weigh-
ing an average of 13 kg were placed as two uniform groups into adjacent pens.
The animals were fed ad libitum from a feed trough and water was available from
a drinking nipple. No environmental enrichment was provided in the pen before the
experiment commenced.

Animal activity monitoring

Pig activity was video recorded continuously using an infrared-sensitive CCD
camera (VCB 35721RP, Sanyo Electric Co. Ltd., Osaka, Japan) for 30 days. The
camera was mounted to the roof at 3.25 m above the pen’s floor. The camera lens
was placed directly above the corridor separating the two pens and connected to a PC
with built-in frame grabber using the coax connection cable. Images were captured at
aresolution of 768 x 586 pixels at a sample rate of 1 Hz. The image analysis software
Eyenamic analysed these images simultaneously in real time to create the animals’
activity index — a measurement that quantifies the activity of animals in the field con-
ditions inside the barn (Leroy et al., 2006; Bloemen et al., 1997). The activity index
is determined by dividing the image of each pen into rectangular zones (Fig. 1) and
tallying when pixels change between two consecutive frames within each zone.
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Figure 1. The two observation pens and the division of the images into areas for the activity index
calculation

The software acquired a monochrome image I(x, y, ) from the camera and then
calculated the difference between its intensity values and of the previous image
I(x, y, t-1) taken one second earlier. From this difference image, the binary ‘acti-
vity image’ I (x, y, #) was calculated by containing the pixels for which the intensity
change exceeded a threshold:
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From the activity image I (x, ), #), the activity index a,z) for pen (Z) was cal-
culated as the fraction of moving pixels with respect to the total number of pixels
within the pen Zi:
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The threshold t1 accounted for small intensity changes due to noise, such as
electrical noise in the coax cabling and image acquisition circuits, and small lighting
variations. The lower threshold value was set to 10% of the maximal intensity value
as estimated by looking at the intensity variation of an ‘empty’ region outside of the
pig pen in the first 60 images (equivalent to one minute of recording).

The upper threshold t, was applied to the activity index () to compensate for
drastic intensity changes (e.g. when lights were switched on/off). In case of such an
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event, almost all pixels in the activity image la were ‘active’ and the activity index
a(t) was almost equal to 1 in the two pens. The threshold 1, was set to 0.5 of the
maximal activity index. If this threshold was exceeded, i.e. more than half of the pen
was active, the activity index was set to zero.

The pixel area sums in the nominator and denominator of equation (2) have an
accuracy of one pixel which, using the camera calibration factor, was equivalent to
an area of 2.9 cm?.

Behaviour labelling procedure

On Ist day of video recording, the chain and wooden block enrichments were
introduced to the pens at 10:00 AM. The chain was fixed in vertical position at piglet
eye level and the wooden block was placed randomly on the pen floor. The environ-
mental enrichments were kept in the pens for 30 days. The videos of Day 1, Day 5
and Day 30 were analysed to determine the level of object-directed behaviour. These
days were chosen to test the initial, short- and long-term interest of the piglets to the
selected environmental enrichments.

The recorded videos were analysed by one observer using the software “Label-
ling Tool” (Viazzi et al., 2011) developed in Matlab (R2009a, The MathWorks Inc.,
MA).

The image files were visually checked and manually labelled by observing each
frame (one frame per second) when the start of manipulation with the environmental
enrichment was detected on the video. The labelling procedure permitted the iden-
tification of every playing/exploratory event during Day 1, Day 5 and Day 30 of the
experiment for 24 hours/day (totalling 144 hours of observations for 2 pens). The
observations of video recordings from Day 1 started from the moment when the
enrichments were introduced to the pens. On Day 5 and Day 30, the observations
started at 08:00 AM in the morning.

The recorded images were calibrated in order to define how many square cen-
timeters in the pen correspond to a pixel. At this stage the camera images were sub-
divided into two equally-sized observational zones, one per pen to define zones of
interest inside the video. By creating multiple zones it was possible to relate the
behaviours to a specific pen. For each zone the activity index was measured from the
video and displayed on the Labelling Tool interface in order to speed up the manual
labelling process. If the activity was close to zero (the animals were not moving in
the particular zone), the observer could leave out these intervals.

For each behaviour pattern the following specific buttons were created: no activ-
ity, interacting with chain, interacting with wooden block. Each recorded image (one
image per second) was visually checked and manually labelled separately per obser-
vation zone according to the chosen behaviours of pigs through playing the video or
sliding the images frame by frame. When a specific behaviour was observed in the
image the matching button was selected, at the same time the labelled behaviour was
displayed on the panel of Labelling Tool containing the list of behaviours. It was pos-
sible to press multiple buttons in case different playing/exploratory behaviours occur
in the same image. It was also possible if the same behaviours take place in consecu-
tive images to register their start and end by pressing the “record” button.
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The labelling procedure facilitated an exact record on the true duration of explor-
atory/playing behaviour, frequency and the time at which interactive episodes with
each type of environmental enrichment began and ended. Interactive episodes were
measured as the length of time (sec) from first touch of environmental enrichment by
pig or group of pigs to termination of action for more than 5 seconds.

Statistical analysis

Data were submitted to the normality test (PROC UNIVARIATE; SAS, 2011) to
evaluate the type of distribution (normal) and to identify the outliers. The variance
analysis (Proc GLM, SAS 9.2, 2011) was performed on duration of exploration/
playing episodes with two types of environmental enrichments to study the effect of
the day (1), time of the day (2), and environmental enrichments (3) on exploration/
playing behaviour of piglets.

Frequency analysis (Proc FREQ, SAS 9.2,2011) was performed to determine the
number of playing episodes with the two types of environmental enrichments (chain
and wooden block) according to Lyons et al. (1995). To analyse the correspondence
of activity index to interactive episodes, the mean frequencies of interactive episodes
for Day 1 and Day 5 were merged and compared with mean activity indexes, calcu-
lated for 5 days of video recordings. All records of Day 30 were excluded as there
was almost no interaction with enrichments.

Results

The duration of interaction episodes with both environmental enrichments had a
similar trend in both pens. No significant difference in duration was identified; there-
fore, in this case, both pens were taken as one experimental unit.

The mean duration of interaction episodes was significantly greater for the chain
than for the wooden block (P<0.001), whereas the frequency of interaction episodes
was 28.8% higher for wooden block than for chain (Table 1).

Table 1. Least Square Means of duration (sec), frequency of interaction episodes with two types of
environmental enrichments and mean day activity index of weaned piglets

Duration Frequency Activity Tnd
; LSMean + SEM Interaction ctivity Index
Enrichment type MeantSD
chain wooden block chain | wooden block
Overall mean 35.45+6.55A 20.12+4.93 B 241 436.3 0,012+0.017
Day 1 59.79+6.45 A 36.35+4.67 B 423 663 0.015+0.019
Day 5 43.06+6.66 a 21.50+3.85 b 298 643 0.013+0.016
Day 30 3.50+10 2.50+4.01 2 3 0.0079+0.012

A, B — least means within the same row differ for P>0.001.
a, b — least means within the same row differ for P>0.01.
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Analysis of the 24-h environmental enrichment use pattern from video records
showed that mean duration of interactive episodes with chain as well as with wooden
block had already decreased on Day 5 and Day 30, and use had diminished to 2—3 sec
with few sporadic interactive episodes (Table 1).

A time of day effect was found on interactive episodes (Fig. 2).
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Figure 2. Effect of time of the day (24 h) on frequency of interaction episodes with different
environmental enrichments (chain and wooden block) and animal activity

There was a drastic decline of interaction episodes frequency from 02:00 AM to
07:00 AM, which is expected as the lights were turned off during the night. Activity
indexes during these hours showed the lowest values (with a range from 0.005 to
0.008 units). The peaks of activity coincided with the most frequent interactions of
piglets with both types of environmental enrichments.

Discussion

The importance of environmental enrichment material properties is widely shown
in literature. According to a questionnaire done by Bracke et al. (2006), the majority
of pig welfare scientists believe that a chain is not sufficient enrichment material for
pigs. Pigs play with chains but they prefer to play with pliable objects when they are
given a choice (Grandin, 1988). However, in this study long interactions with chain
were observed, even if they were not as frequent as interactions with wooden block.
This could be connected to “flexibility” characteristics of the chain, the position of
the chain suspended at eye level. It was found that pigs played more frequently with
wooden block but the duration of playing episodes was short. Unfixed environmen-
tal enrichments (laying free on the pen floor) were less attractive for the pigs than
fixed ones since they become soiled with excreta (Blackshaw et al., 1997; Jones
et al., 2000; Scott et al., 2009; Nowicki et al., 2007; Nowicki and Klocek, 2012).
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However, the destructibility features of wooden block, availability in different lo-
cations within the pen and ease to manipulate them could be a reason of increased
frequency use. These results suggest that the material characteristics and the position
of the point-source objects are important factors influencing frequency and duration
of pigs’ interactions with them. The combination of the point-sourced environmental
enrichments with different characteristics could be an effective solution.

The results of our experiment, in which the duration of interaction episodes with
environmental enrichment is remarkably reduced with time is not surprising as they
correspond with the results of other authors (e.g. Van de Weerd et al. 2003; Zonder-
land et al., 2003; Trickett et al., 2009; Nowicki and Klocek, 2012).

Also the time of the day influenced the frequency of interactions of pigs with
environmental enrichments. The activity index showed the hours when the pigs were
mostly active during the day and these peaks of activity were corresponding with
hours when pigs were interacting most with environmental enrichments. This could
be explained by a variety of factors influencing the general distribution of pigs activ-
ity during the day such as photoperiod, feed consumption, etc.

In conclusion, the present experiment was a preliminary study to assess the inter-
est of the pigs in different types of environmental enrichments using the combination
of the labelling method and the activity index parameter. This method enabled the
specific discrimination of behaviour type and duration in order to accurately quantify
the interest pigs show in environmental enrichments.

The results received from this experiment suggest that the chain and the wooden
block, often used by the farmers as the low cost enrichments, are not effective for the
long-term use. In case of short-term use it is advisable to combine the point-source
enrichment objects with different characteristics to increase the playing time during
the day.

In both pens, the number of interaction episodes with environmental enrichments
were linked to the activity index, which allowed determining the diurnal behavioural
dynamics of the animals.

Low cost cameras, in combination with image analysis techniques, can be used to
quantify animal behaviour (De Wet et al., 2003; Leroy et al., 2004). There is a poten-
tial for the development of the algorithm for an automatic control of pigs® playing/
exploration behaviour, based on the method described in this article.
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Oznaczanie zachowania i monitorowanie aktywnoSci prosiat na podstawie zapisu wideo
jako narzedzie oceny ich zainteresowania réznymi elementami wzbogacajacymi Srodowisko

STRESZCZENIE

Celem badan byto sprawdzenie preferencji oraz czasu trwania zainteresowania prosiat odsadzonych
dwoma typami elementéw wzbogacajacych srodowisko kojca. Uzyto do tego technik analizy obrazu
oraz monitoringu aktywno$ci zwierzat. Dwa kojce z 14 prosietami rasy Dalland (24 prosigta) w wieku
od 30 do 60 dni byty monitorowane za pomoca kamery. Indeks aktywnos$ci prosiat zostat obliczony pod-
czas rejestracji nagran wideo przez oprogramowanie do automatycznego pomiaru aktywnosci zwierzat.
W kojcu zostal umieszczony na 30 dni drewniany pieniek oraz fancuch w celu wykrycia zachowan
eksploracyjnych i zabawy. Kazda klatka zarejestrowanego filmu wideo zostala przeanalizowana w 1.,
5. oraz 30. dniu (24 godziny na dzien) eksperymentu za pomoca oprogramowania do analizy obra-
zu. W celu zidentyfikowania czasu trwania i czgstotliwos$ci interakcji z elementami wzbogacajacymi
srodowisko kojca zachowanie zwierzat zostato oznaczone jako brak aktywnosci, interakcja z tancuchem
lub interakcja z drewnianym pienkiem. Zainteresowanie tancuchem $rednio byto dtuzsze (P<0.001) niz
drewnianym pienkiem. Czgstotliwo$¢ zabawy drewnianym pienkiem byta 28.8% wyzsza niz tancuchem.
Sredni czas interakcji z elementami wzbogacajacymi srodowisko kojca ulegt skroceniu w pigtym dniu
eksperymentu, w obu kojcach. W trzydziestym dniu eksperymentu zauwazono ich tylko kilka. Liczba
interakcji z elementami wzbogacajacymi srodowisko kojca byta $cisle powigzana z warto$cia indeksu
aktywno$ci zarejestrowanym przez oprogramowanie i zalezata od pory dnia. W kazdym dniu pro-
wadzonej obserwacji wzrost $redniej liczby interakcji odpowiadat wzrostowi $redniej wartosci indeksu
aktywnosci.






