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Abstract: This study investigated if straw racks, which enable larger straw rations, induced a more
straw-directed behaviour in pigs, as a mean to facilitate the provision of manipulable material and
natural behaviour. It was conducted on a commercial farm (459 pigs, 42 pens, 30–120 kg) where half
of the pens received 25 L of straw on the floor (CONTROL) and the other half of the pens received
straw in a rack holding 44 L of straw (RACK). The pig behaviour in five randomly assigned pens per
treatment were recorded for 24 h, during three periods of production. Pig activity levels, exploratory
behaviour, pen utilization and available clean straw were scan sampled. During period 1, no pigs
were observed interacting with the straw racks. During this period, CONTROL pigs conducted more
straw-directed behaviour and less pen-directed behaviour compared to pigs in the pens with a rack
during period 1. The lack of rack interactions may imply an underdeveloped spatial cognition in
the pigs. Apart from period 1, there were no significant difference in behaviour between RACK and
CONTROL pigs. The racks did not disturb the use of the pen. The absent treatment effect in periods
2 and 3 may reflect that there was a too small difference in straw ration between the treatments. In
order to design and implement straw racks that promote straw interaction, future studies should
focus on understanding pigs’ spatial cognition.

Keywords: finishing pigs; tail biting; swine; environmental enrichment; litter material

1. Introduction

Pigs, as well as their ancestor the wild boar, are explorative animals spending most of
their time conducting different types of exploratory behaviours such as sniffing, rooting,
chewing and biting [1,2]. Exploratory behaviour is considered a behavioural need and
hence, although pigs in commercial production are presented with feed, resting places and
secured from predators, the pigs still have the urge to perform exploratory behaviour [1,3].
In barren production systems where the possibilities to satisfy the explorative needs are
limited or lacking, pigs may therefore redirect their interest towards other pen mates,
resulting in tail biting [1,4]. Further, pigs in barren environments have been found to rest
more compared to pigs in more enriched environments [3]. A high amount of inactivity can
be considered an abnormal behaviour although it has previously been consider positive as
it can help maintain a high growth rate [3]. Under commercial conditions, the possibility for
the pigs to conduct exploratory behaviour is commonly fully dependent on the provision
of material to explore, as the pen itself mainly consists of fixed fittings which provides little
or short-term exploratory options.

Tail biting is a common problem in modern pig production causing reduced production
and welfare among bitten as well as biting pigs [4–6]. Historically, tail biting is mainly
prevented by docking of the tail, as the shortened tail is thought to be less tempting for the
biting pig and more sensitive to biting, and thereby the bitten pig is less accepting of the
biting [4,7–9]. Tail docking causes acute pain as well as increases the risk of developing
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neuromas inducing long term pain in the pigs [4,10,11]. Tail docking does not eliminate tail
biting as docked pigs often still show signs of tail biting at slaughter [12–15]. The docking
does not attempt either to solve the underlying issue, namely the unsuitable environment
that pigs are raised in. A sustainable solution should aim to fulfil the explorative needs and
thereby minimise the risk for the development of tail biting. Thereto, the concern for animal
welfare has increased in the general public. Consumers tend to put value into the animals’
possibility to behave naturally, while modern production is associated with the inability
to behave naturally [16,17]. Therefore, improving the animal environment in current pig
production is not only a matter of improving animal welfare, but also to increase the social
acceptance, and in the long run make the pig production more sustainable.

Current production systems can be adapted with enrichment in order to stimulate
activity and exploratory behaviour. Numerous studies have concluded that straw is
a suitable enrichment as straw holds crucial characteristics from both the pig, such as
being manipulable and edible, and management perspective as it is a by-product from
crop production and thereby often available at farms [1]. Apart from stimulating straw-
related behaviours [18,19], straw may also reduce the risk of tail biting [20,21]. In order to
fulfil the behavioural needs of the pigs a substantial amount of straw is needed (around
400 g/pig/day) while significantly lower amounts (around 10 g/straw/pig/day) may
keep tail biting at a low level, at least in production systems with relatively low stocking
density and small group sizes (0.7 m2/pig, 18 pigs per pen and 0.4–1 m2/pig, 9–11 pigs
per pen) [19,22]. A positive linear relationship between straw amount and straw-directed
behaviour has been found [1,23]. However, the provision of large straw rations has not been
implemented in commercial production. This is largely due to the risk of straw causing the
blockage of the manure handling system and the slatted floor, and thereby deteriorating
the pen hygiene [24]. Slatted floors are designed to pass urine and faeces and are therefore
partly incompatible with straw provision [25,26]. The cost of straw has also been addressed
as one of the challenges of straw provision [24]. Although current production systems
have limitations, it can be argued that they are well adapted to other aspects, such as
productivity. Current systems enable high biosecurity, precision feeding and watering as
well as easy monitoring and handling of pigs, all of which have a high impact on animal
welfare. Adapting the current production system to better fit the pigs’ behavioural needs
would therefore increase the welfare of pigs in these systems, without having to completely
change the systems which is both a slow and costly process. Appropriate provision of
straw would enable exploratory behaviour and a reduction of tail biting without risking
poor pen hygiene, while keeping the welfare benefits of existing systems. A reduction of
tail biting would likely have an economic impact on pig production as already >0.86% of
severe tail lesions are associated with a 4.8% decrease in average daily gain, resulting in an
increased rearing period of 7 days compared to farms with less tail lesions [27]. Affected
farms also had increased feed costs and a reduced mean annual farm profit by 15.1%.

Providing an environment where the pig’s behavioural needs are met is crucial for
animal hygiene. As the exploratory behaviour is promoted, the risk of tail biting is reduced
and thus also its subsequent health consequences, which also affect production and welfare.
Promoting natural behaviour in itself also affects animal welfare positively. The general aim
of this paper was to improve animal welfare by investigating different ways of providing
pigs with straw. We investigated the effect of straw provision in straw racks compared to
traditional floor provision and its impact on behaviour and activity levels. The hypothesis
was that the provision of straw from a rack would enable a continuous flow of straw on
to the pen floor and increase straw availability, while also being easily installed in current
production systems. Further, the straw rack would function as a container of straw from
which the pigs could fetch straw throughout the day.

2. Materials and Methods

The study comprised behavioural observations and clinical scoring of pigs on a com-
mercial farm where the treatment aimed to improve welfare. Due to the low severity of
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the treatment and use of commercial animals, specific ethical approval was not needed
according to the Swedish legislation (Animal Welfare Act 2018:1192 and the Animal Welfare
Ordinance 2019:66) based on the EU Directive 2010/63/EU. As the treatment did not cause
pain, suffering, distress or long-lasting harm equivalent to the introduction of a needle,
the pigs were not purpose-bred, and the pigs were privately owned and kept in their
home environment, no specific ethical permit was needed. All pigs were managed and
treated according to normal management routines by staff at the commercial farm where
the intervention study was performed. No animals were bred or kept for the sole purpose
of this study.

2.1. Animals and Housing

The study was performed on a commercial farrow-to-finish pig farm in the south-
west of Sweden between 6 December 2017 and 19 February 2018. All pigs were three
breed crosses of Landrace × Yorkshire (Tn70) sows and Hampshire boars. Male pigs were
surgically castrated during the first week of life after given analgesic treatment (0.3–0.5 mL
Lidokel-Adrenalin vet ®). No pigs were tail-docked as tail docking is prohibited by the
Animal Welfare Ordinance 2019:66. Piglets were weaned at ~5 weeks of age and thereafter
moved in intact groups into a weaner unit and grouped in approximately the same way
as in the finishing pig unit. The pigs were moved to the finishing pig unit, where the
study was initiated, at ~12 weeks of age. Straw was provided to the pigs during all stages
of production.

The study comprised a single batch of 459 pigs. The experiment was initiated as the
pigs were transferred to the finishing stable at ~30 kg live weight (LW). In the finishing pig
stable, the pigs were kept in 42 pens of 10 (n = 4), 11 (n = 37) or 12 (n = 1) pigs in each. The
pigs were not sorted by sex but partly sorted by size so that the smallest and largest pigs
were kept with pigs of similar size. All the pens were the same size and contained both solid
(7.81 m2) and slatted floor (2.68 m2) and had a total area of 10.49 m2 (Figure 1). The stocking
density was 1.05 m2/pig (10 pigs/pen), 0.95 m2 (11 pigs/pen) or 0.87 m2 (12 pigs/pen). The
feeding trough was 3.4 m long, leaving 34 cm/pig (10 pigs/pen), 31 cm/pig (11 pigs/pen)
or 28 cm/pig (12 pigs/pen). The pigs were cared for according to the normal farm routine
including daily inspection and manual cleaning of the solid pen floor if necessary. The
pigs were fed a cereal-based liquid feed 4 times a day until week 12 and thereafter 3 times
a day according to the normal farm management. The experiment ended as >70% of the
pigs were sent to slaughter at ~120 kg LW which was reached after 14 weeks in production
(102 days). In order to keep track of individuals, pigs were marked manually on their
back with spray paint (PORCIMARK® marking spray, Kruuse, Denmark) twice a week
(Figure 1). One pig per pen was left unmarked.

2.2. Experimental Setup
2.2.1. Treatments

Every second pen in the finishing pig unit was equipped with a straw rack, mounted
on the dividing wall between two adjacent pens (Figure 1). The rack was modified from
JYDEN (3620-2012) by adding a plastic backplate in order to prevent straw from passing
through to the neighbouring pen and pipe clamps to enable the attachment to the pen wall
(Figure 2). The rack was mounted at ~50 cm height, and the pigs were around 44–47 cm
in withers height when entering the experiment. The pigs were able to reach the rack
throughout the production period.
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Pens with a straw rack were assigned to the rack treatment (RACK) while pens without
a rack were assigned to the control treatment (CONTROL). In RACK, the racks were filled
with straw at the beginning of the study and the rack were subsequently refilled daily. No
additional straw was provided on the floor in RACK. In CONTROL, straw was provided
daily on the solid floor of the pen. The rack held ~44 L of straw while the control ration
corresponded to the farm normal daily ration of ~25 L (1.8 kg) of straw. Apart from straw
provision, all pigs and pens were managed in the same way. Pens in the unit with different
conformation, such as sick pens, were excluded from the study and not included in the
number of pigs or pens reported.

2.2.2. Focal Pens

Five sets of pens (one CONTROL and the adjacent RACK) were randomly selected for
observations using the Excel function “rand between”. The pens were recorded during three
different periods during the experiment, period 1 (week 2), period 2 (week 6) and period 3
(week 11). In each period, the same sets of pens were recorded in the same order, recording
one set per day in five consecutive days. In total, 10 pens, five from each treatment, were
recorded. The recordings were done with two cameras (Go Pro Hero 5). Each camera
was mounted overlooking one pen, taking one picture per minute over 24 h each period.
The time and date were subsequently added to the photos using PhotoScape X. For each
registration of behaviour, pen utilization and clean straw, the pictures were subsequently
assessed through scan sampling with 10 min intervals and recorded in Microsoft Excel.

2.2.3. Behaviour

The behaviours were assessed according to the following ethogram (Table 1). All
pigs were individually assessed, first assessing the primary state (activity level) and subse-
quently the exploratory behaviour.

Table 1. Ethogram modified from Pedersen, Herskin [22].

Behaviour Description

Primary state
Inactive Lying down, sitting

Active Standing up with the body supported by the legs
(standing or walking)

Secondary state, number of pigs with their mouth or snout in contact with
Straw Straw on floor or straw rack

Fittings Pen fittings
No Not in contact with anything

Other Other behaviour (e.g., feeding)

2.2.4. Pen Utilization

Pen utilization was defined as the distribution of pigs within the pen at a specific time.
The pen utilization was assessed according to following zone division in Figure 1. All pigs
were individually assessed. Pigs were considered located in a zone when the larger part of
the body was in that zone. If both halves of the pig were located in two zones, the pig was
scored as located in the same zone as the head.

2.2.5. Clean Straw

The amount of clean (unsoiled, seemingly fresh) straw was assessed visually on the
solid pen floor and in the straw rack separately in each pen every 10 min (Table 2). The
amount of clean straw on the pen floor was assessed in both treatments while the amount
of straw left in the rack was only assessed in RACK.
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Table 2. Scoring system used to visually assess clean (unsoiled, seemingly fresh) straw on the floor
and in straw racks (modified from [22]). For the corresponding amount of straw in the rack, please
see [28].

Score Clean Straw on the Floor

0 <0.1 L straw
1 0.1–1 L straw
2 1–10 L straw
3 10–20 L straw
4 >20 L straw

2.3. Data Analysis

All statistical analysis was performed using Microsoft Excel 2016 and SAS software,
version 9.4. The descriptive analysis was performed through PROC FREQ. All analyses
were conducted at the pen level, which was the smallest unit that the treatment could be
applied on. LS-means was used to compare means.

2.3.1. Activity Levels

The data (residuals) were considered sufficiently normally distributed through visual
inspection. Differences in activity levels (sitting, lying or standing) were analysed through
an ANOVA using PROC MIXED. Sitting and lying were combined, representing inactive
behaviour, while standing represented active behaviour. The average times spent in the
different activity levels were estimated per pen and period and analysed with the treatment
period. The interactions were analysed between treatment and period as fixed effects and
pen nested within treatment as a random effect. Non-significant fixed effects were removed
through backward elimination. The covariance structure was chosen based on the Akaike
information criterion (AIC) statistics.

2.3.2. Exploratory Behaviour

The data (residuals) were considered sufficiently normally distributed through visual
inspection. Differences in exploratory behaviour levels (straw-directed, fittings-directed,
other behaviour and non-exploratory behaviour) were analysed through an ANOVA using
PROC MIXED. The average times spent in the different exploratory behaviours were
estimated per pen and period and analysed with the treatment period and the interaction
between treatment and period as fixed effects and pen nested within treatment as a random
effect. Non-significant fixed effects were removed through backward elimination. The
covariance structure was chosen based on the AIC statistics. Straw-directed behaviour was
divided in two categories: straw on the floor, which only included the interactions with the
straw on the floor and total straw, which also included the interactions with the straw rack.

2.3.3. Pen Utilization

The pen utilization was investigated through the pigs’ positions in the pen in order to
study if the straw rack had an influence on utilization. The pen was divided into different
zones (i.e., A, B, C, D, E, F, G) and analysed in order to investigate how the pigs used the
pen. The data were considered sufficiently normally distributed through visual inspection.
Differences in pen utilization were analysed through an ANOVA using PROC MIXED.
The average time spent in the different pen zones were estimated per pen and period and
analysed with treatment period and the interaction between treatment and period as fixed
effects, and pen nested within treatment as a random effect. Non-significant fixed effects
were removed through backward elimination. The covariance structure was chosen based
on the AIC statistics.

2.3.4. Clean Straw

As the amount of clean straw was assessed through categorical values it was investi-
gated through medians at the pen level, as it was scored as a categorical value. In order to
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investigate the treatment effect on the amount of clean straw on the floor, a binomial model
in PROC GLIMMIX was used. The binomial outcome was set so that either the amount of
clean straw on the solid floor was ≥1, ≥2, ≥3 or 4 or not. One model was then constructed
per trait, resulting in four different models. Each model was subsequently analysed with
treatment, period and the interaction between treatment and period as fixed effects and
pen nested within treatment as random effect. Non-significant fixed effects were removed
through backward elimination.

3. Results
3.1. Activity Levels

The treatment (RACK vs. CONTROL) had no effect on the activity levels of the pigs
(Table 3). The time period had an effect on activity levels and pigs were less active over
time (Figure 3). Pigs were significantly less active in period 3 compared to periods 1 and 2.

Table 3. Final models used for evaluation of treatment effect (RACK vs. CONTROL) on activity levels
and exploratory behaviours. The interaction between treatment and period (Treatment * Period) was
removed from the model if proven non-significant based on AIC values.

Variable Treatment
p-Value

Period
p-Value

Treatment * Period
p-Value

Activity levels
Active n.s. 0.0006 -

Exploratory behaviours
Strawfloor-directed n.s. 0.0040 0.0068
Strawtotal-directed n.s. 0.022 0.0047

Pen-directed n.s. n.s. 0.0407
Non-exploratory behaviours n.s. 0.0047 -

n.s. = non-significant—variable removed from the model due to lack of significant effect; active = standing;
strawfloor = exploratory behaviour directed at straw on the floor; strawtotal = exploratory behaviour directed at
straw on the floor and straw in the rack.

Agriculture 2022, 11, x FOR PEER REVIEW 7 of 15 
 

2.3.4. Clean Straw 
As the amount of clean straw was assessed through categorical values it was investi-

gated through medians at the pen level, as it was scored as a categorical value. In order to 
investigate the treatment effect on the amount of clean straw on the floor, a binomial 
model in PROC GLIMMIX was used. The binomial outcome was set so that either the 
amount of clean straw on the solid floor was ≥1, ≥2, ≥3 or 4 or not. One model was then 
constructed per trait, resulting in four different models. Each model was subsequently 
analysed with treatment, period and the interaction between treatment and period as 
fixed effects and pen nested within treatment as random effect. Non-significant fixed ef-
fects were removed through backward elimination. 

3. Results 
3.1. Activity Levels 

The treatment (RACK vs. CONTROL) had no effect on the activity levels of the pigs 
(Table 3). The time period had an effect on activity levels and pigs were less active over 
time (Figure 3). Pigs were significantly less active in period 3 compared to periods 1 and 
2. 

 
Figure 3. Activity levels of pigs over time. Treatment had no effect on activity levels, while period 
had a significant effect where pigs were significantly less active in period 3 (week 11) compared to 
periods 1 (week 2) and 2 (week 6). Different letters (a, b) indicate significant difference between 
periods. N = 30. 

Table 3. Final models used for evaluation of treatment effect (RACK vs CONTROL) on activity lev-
els and exploratory behaviours. The interaction between treatment and period (Treatment*Period) 
was removed from the model if proven non-significant based on AIC values. 

Variable 
Treatment 
p-Value 

Period 
p-Value 

Treatment * Period 
p-Value 

Activity levels    
Active n.s. 0.0006 - 

Exploratory behaviours    
Strawfloor-directed n.s. 0.0040 0.0068 
Strawtotal-directed n.s. 0.022 0.0047 

Pen-directed n.s. n.s. 0.0407 
Non-exploratory behav-

iours  
n.s. 0.0047 - 

Figure 3. Activity levels of pigs over time. Treatment had no effect on activity levels, while period
had a significant effect where pigs were significantly less active in period 3 (week 11) compared to
periods 1 (week 2) and 2 (week 6). Different letters (a, b) indicate significant difference between
periods. N = 30.
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3.2. Exploratory Behaviours

Treatment had no effect on exploratory behaviours, while the interaction between treat-
ment and period significantly affected the mean number of strawtotal-directed behaviours
and pen-directed behaviours (Table 3). “Other behaviour” could not be modelled due
to too few observations. Furthermore, the treatment had no effect on strawfloor-directed
behaviour, while the period and the interaction between treatment and period had a signifi-
cant effect (Table 3). Pigs in CONTROL conducted significantly more straw-floor-directed
behaviours in period 1 compared to pigs in RACK (Figure 4a).
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Figure 4. Levels of different exploratory behaviours the production periods. Different letters (a, b)
indicate significant difference between different periods. (a) Levels of strawfloor-directed behaviour
over time. The treatment and the interaction between treatment and period had a significant effect
(N = 30). (b) Levels of strawtotal-directed behaviour (a combination of the interaction with straw on
the floor and straw in the racks) over time. The treatment and the interaction between treatment
and period had a significant effect (N = 30). (c) Levels of pen-directed behaviour over time. The
interaction between treatment and period had a significant effect (N = 30). (d) Levels of non-
exploratory behaviour over time. The period had a significant effect on the behaviour (N = 30).

There was no effect of the treatment on strawtotal-directed behaviours, which included
both the pigs’ interaction with the straw rack and with straw on the floor, while both the
period and the interaction between period and treatment had a significant effect (Table 3).
During period 1, pigs in CONTROL were conducting significantly more straw-directed
behaviours compared to pigs in RACK (Figure 4b).

The treatment had no effect on pen-directed behaviour, while the interaction between
period and treatment had a significant effect and pigs in CONTROL conducted significantly
less pen-directed behaviour in period 1 (Figure 4c). However, the time period had a
significant effect on exploratory behaviour, where CONTROL pigs conducted significantly
more no exploratory behaviour compared to RACK pigs during period 1 (Figure 4d).

3.3. Pen Utilization

No significant treatment effect was found on the pen utilization, while the time period
had a significant effect on the use of zones a, b, c and g (Table 4). For zones a, b and g,
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the utilization significantly differed between periods 1 and 2, 3 (Figure 5). For zone c, the
slatted area, the utilization significantly differed between period 3 and periods 1, 2.

Table 4. Difference in pen utilization between treatments. The interaction between treatment and
period was removed as proven non-significant based on AIC values. The covariance structure
variance component was used for all modes and determined through AIC values. Least square means
followed by different letters indicate significant difference between periods.

Placing in
Pen

Treatment
p-Value

Period
p-Value

Least Square Means (±SE)

Period 1 Period 2 Period 3

a n.s. 0.0190 0.06 a 0.12 b 0.11 b

b n.s. 0.0120 0.09 a 0.16 b 0.20 b

c n.s. 0.0175 0.04 a 0.05 b 0.09 b

d n.s. n.s. 0.15 a 0.18 b 0.18 b

e n.s. n.s. 0.21 a 0.19 ab 0.17 b

f n.s. n.s. 0.20 a 0.13 b 0.14 ab

g n.s. 0.0001 0.25 a 0.16 b 0.11 b

n.s. = non-significant.
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Figure 5. Levels of time spent in the different zones (a–g) of the pen presented as mean percentage.
There was no treatment effect on the pen utilization, while the period had an effect on the utilization
of zones a, b, c and g. For zones a, b and g, the utilization significantly differed between periods
1 and 2, 3. For zone c, the slatted area, the utilization significantly differed between period 3 and
periods 1, 2.

3.4. Clean Straw

The amount of available clean straw differed over the day, as the pigs received straw
once per day. The median amount of available clean straw was measured on the floor in
both treatments and in the rack in RACK (Figure 6). The straw present in the straw rack
was considered clean, as it was clean and seemingly fresh (according to the definition in
Table 2) at all observations. The number of replicates (N) was based on one observation per
10 min.
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Figure 6. The median amount of clean straw available in the pens during the different periods. Floor
represents the amount of clean straw available on the solid pen floor in either CONTROL (�) or
RACK (•). Rack represents the amount of straw available in the straw rack in RACK (•). The error
bars indicate minimum and maximum observed values. RACK could have straw in both the rack and
on the floor (originating from the straw rack) while CONTROL could only have straw on the floor.

During period 1, the pigs did not empty the straw rack, which was indicated by the
finding that the amount of clean straw in the rack was 4 at all times. The treatment had no
significant effect on the amount of clean straw available on the pen floor, while both the
time period and the interaction between time period and treatment significantly affected
the amount of available clean straw (Table 5). In period 1, significantly more straw was
available on the floor in CONTROL (Figure 7a–d).
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Figure 7. Amounts of clean straw during different periods. Different letters above period mean indicate
significant difference between periods. Different letters above indicate significant difference between
different periods. (a) Levels of amount of clean straw on the floor exceeding level 1 (score 1–4) over
time. The period and the interaction between treatment and period had a significant effect (N = 44,012).
(b) Levels of observations of amount of clean straw on the floor exceeding level 2 (2–4) over time. The
period and the interaction between treatment and period had a significant effect (N = 44,012). (c) Levels
of observations of amount of clean straw on the floor exceeding level 3 (score 3–4) over time. The period
and the interaction between treatment and period had a significant effect (N = 44,012). (d) Levels of
observations of amount of clean straw on the floor exceeding level 4 over time. The period and the
interaction between treatment and period had a significant effect (N = 44,012).
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Table 5. Final models evaluating treatment effect on available clean straw on the pen floor, including
Treatment, Period and the interaction between Treatment and Period (Treatment * Period).

Amount of
Clean Straw

Treatment
p-Value

Period
p-Value

Treatment * Period
p-Value

1–4 n.s. <0.0001 <0.0001
2–4 n.s. <0.0001 <0.0001
3–4 n.s. <0.0001 <0.0001

4 n.s. <0.0001 <0.0001
n.s. = non-significant.

4. Discussion

Overall, giving pigs access to straw by a rack alone did not have any significant effect
on their behaviour, pen utilization or the amount of clean straw remaining on the solid floor.
Previous studies have also found little effect on activity level of the means of providing
straw, such as straw racks. For example, studies have shown that deep straw bedding,
which implies permanent access to a large amount of straw, did not increase activity levels
compared to straw provision in racks [20,21]. However, we found that the time period
as well as the interaction between treatment and time period had significant effects on
behaviour, pen utilization and clean straw. The results during time period 1 differed from
those from periods 2 and 3, as the pigs did not utilize the straw rack during period 1 and
the straw rack remained filled throughout the period. Consequently, the pigs in RACK had
very limited access to clean straw on the solid floor which negatively affected the possibility
to perform exploratory behaviours. This possibly explains why pigs in RACK conducted
less exploratory behaviours directed to the straw and more exploratory behaviours directed
to the pen fittings during period 1. All in all, period 1 might not be a fair comparison
between the treatments as the pigs did not utilize the racks as intended.

On the contrary, period 1 provided important information regarding the management
and use of straw racks. Although the pigs in this study had been reared with straw since
birth, they were not able to figure out how to fetch straw and empty the straw racks
until period 2. This could potentially be related to the spatial cognition of the pigs in the
investigated production system or the height of the rack, which is discussed below. The fact
that the pigs did not interact with the rack may indicate less developed three-dimensional
thinking, as they did not explore the pen above floor level. Similar results have been
seen in layers, who were not able to use perches unless provided with perches already
at rearing, implying that the spatial development was not promoting three-dimensional
thinking unless early environment was encouraging it [29]. Studies in rats indicate that
environmental complexity enhances the performance in spatial tasks and aids the handling
of changes [30]. The fact that the pigs in this study had previously not been introduced to
anything above floor level (apart from the nipple drinker, which provided instant feedback)
may have affected their ability for three-dimensional thinking and therefore the ability to
interact with the straw rack. If the straw had been easier to access from the rack, it might
have encouraged the pigs to interact with it at an earlier stage. The lack of interaction might
therefore indicate that the straw was too difficult to get out of the rack, at least when the
pigs were younger. As described earlier, the rack was placed at 50 cm and the pigs were
around 44–47 cm in withers height. Therefore, it was not anticipated that the pigs would
not interact with the straw rack and the pigs seemingly reached the rack. However, more
research is needed in order to understand the lack of interaction with the straw rack and,
for example, the impact of previous experiences on the use of the rack. Future studies
should also take into consideration the fact that pigs are mainly directing their exploratory
behaviour towards the ground and not upwards. Therefore, the placement (at 50 cm above
floor level) of the rack might have reduced the pigs’ willingness to interact with the rack.

Further, there was no significant treatment effect in later stages (week 6 or 11). The
treatment did not affect the activity levels of the pigs, and the most commonly conducted
behaviour regardless of the treatment was non-exploratory behaviour. Compared to natural
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or semi-natural conditions, pigs in this study, regardless of the treatment, rested signifi-
cantly more, which is in line with previous studies [2,3]. This underlines the perception that
current production systems do not promote a natural behaviour among animals [16,17].
Our findings indicate that the older the pigs got, the less activity they displayed, and there
was significantly less activity in week 11 (period 3) compared to weeks 2 and 6 (periods
1 and 2), regardless of the treatment, which is in line with previous studies [31,32]. This
might be affected by a decreased space allowance in the pens as the pigs grow older and
bigger, simply because it becomes harder to conduct exploratory behaviour or because
the temperature in a more crowded pen increases leading to more pigs lying down on the
side to manage heat. This experiment was however done during the Swedish winter and
temperature was perceived as overall acceptable in the stable.

One of the perceived risks by farmers and researchers with the use of straw racks
is that it could alter the pig utilization of the pen in a negative way, i.e., reducing the
lying area and forcing pigs to lie down on the slatted floor, and thereby become dirty. It
is therefore important that the straw rack is placed so that the pigs could lie underneath
the rack, which is why it was placed 50 cm above floor level. Further, there is a risk that
the rack could initiate competition among pigs trying to access straw at the same time and
hence alter the pen utilization. We could not find any supporting evidence for the fact
that the rack affected the pen utilization, such as crowdedness around the straw rack or
use of the different pen areas. However, the period affected the utilization of parts of the
pen, including the slatted area. The use of the slatted area increased over time, possibly
reflecting that the pigs needed to lie down also in the slatted area as they got bigger, either
due to space restriction or due to heat as the slatted floor can be perceived as cooler [33].
Only zone g and a (the corners of the solid floor area) decreased in use as the pigs got older.

The amount of available clean straw on the solid floor in the pens was not significantly
affected by the treatment. However, the production stage and the interaction between
treatment and time period had a significant effect on the amount of clean straw on the
solid floor. As already discussed, the pigs in RACK did not interact with the racks in
period 1. Thus, there was significantly more straw available on the floor in CONTROL
during period 1, simply because the straw from the rack did not end up on the floor. As
the pigs in RACK learned to empty the straw rack, during periods 2 and 3, the difference
in straw availability on the floor was reduced and in period 2 only, RACK had more
strawfloor scores 1 (less than 0.1 L of straw) and 2 (between 0.1–1.0 L of straw) compared to
CONTROL, while during period 3, there was more straw score 4 (more than 20 L of straw)
in CONTROL. In RACK, there was however commonly straw left in the rack (Figure 6),
meaning that there was a possibility to fetch more straw. The hypothesis was that the
straw rack would enable a continuous flow of straw on the floor, reducing the risk for
straw to pile up and possibly cause poor pen hygiene and block slats, while also providing
continuous exploration possibilities. The total amount of straw provided in RACK was
approximately 19 L more compared to CONTROL as we wanted to compare RACK with
common practice. When pigs started to interact with the rack, it could be argued that the
racks enabled a continuous flow of straw. Comparing the straw-directed behaviour on
the floor and the total straw-directed behaviour (which also included interaction with the
straw racks in RACK) also indicates that the interaction with the straw rack increased straw
interaction numerically. The lack of a significant treatment effect may be dependent on the
fact that the straw rations in both treatments were still relatively small compared to the
amount needed to fulfil the exploratory behaviour of the pigs which has previously been
determined to exceed 400 g straw/pig/day [22]. The available clean straw on the floor
and in the rack in both treatments (Figure 6) were zero at times, indicating that there was
not permanent access to straw at all times, regardless of the treatment or period. This also
indicates that the available straw was low before it reached zero, supporting the theory
that differences in straw amounts between the treatments were too low to impose a big
difference in pig behaviour and might not have created a big enough difference compared
to current management practice.
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During the study, only a few pens were studied for behaviour, while the outcome
on tail lesions were presented in another paper [28] indicating that the straw racks led to
less tail lesions at the end of the production period compared to the CONTROL. Other
studies also suggested that straw racks could reduce the escalation of tail biting [6]. This
study was limited to only investigate the behaviour in a few pens that were scan sampled
for exploratory behaviour at 10 min intervals. By choosing to study two adjacent pens
(CONTROL and RACK) we minimised the effect of a microclimate in the pens that may have
affected the treatment effect as the two adjacent pens probably had similar microclimate.
The scanning of behaviour every 10 min enabled the determination of the overall behaviour
patterns and activity levels. However, the scan sampling did not allow for the registration
of more subtle behaviours (i.e., short in timing) such as social interactions. Use of shorter
intervals (1 min intervals was possible) between the pictures would not have enabled
a proper investigation of, e.g., social interactions. In order to assess such behaviours,
continuous sampling would have been required, which was not possible during this study.
As the exploratory behaviour was possible to assess from the pictures, along with the
previous findings that an increased exploratory behaviour reduces, for example, tail-biting
behaviour, it was considered a relevant option [19–22]. Restricted space allowance and
scarce amounts of straw might have led to aggressive interactions between the pigs, which
we would have been unable to detect, although tail lesions were recorded in another
study [28]. In RACK, the presence of straw in the rack and on the floor simultaneously
could, however, potentially reduce the risk for competition for the straw, as the pigs could
potentially interact with straw that was on the floor or pick up new straw from the rack.
On the other hand, fetching straw from the rack could also impose competition. Although
we were unable to register such interactions from our sampling method, the pen utilization
did not imply that the pigs in the RACK spent more or less time in any of the pen areas
indicating that the spaces for interaction (i.e., by the rack) were not different between
the treatments.

5. Conclusions

Ensuring that the animal’s environment meets the animal’s needs is vital for the
animal’s hygiene and promotes welfare. The provision of straw has previously been shown
to promote exploratory behaviour and reduce tail biting, but has not replaced tail docking,
as straw can be difficult to implement in current production systems. It was suggested to
solve this by providing the straw in racks instead of on the floor. The results from this study
imply that the provision of straw in racks, compared to floor provision, in finishing pigs,
does neither significantly alter the activity levels, nor alter the amount or type of conducted
exploratory behaviours, although it allows an increased straw ratio. However, the pigs in
RACK did not interact with the straw rack during period 1, and subsequently the amount
of straw available for interaction was none or very low. The time period, i.e., the age and
size of the pigs, was related to the activity level, as well as straw-related and pen-directed
behaviours, indicating that pigs later in the production become less active and conduct less
exploratory behaviour. Future studies should focus on the implementation of straw racks
that allow interaction with straw during the entire production period in order for straw
racks to be a successful means to increase straw provision for pigs.
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