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A B S T R A C T

The animal’s emotional state, potentially modulated by environmental conditions, may affect cognitive processes
such as interpretation, judgement and decision making behaviour. The Iowa Gambling Task (IGT) is a common
method to examine decision making behavior in humans in terms of risk avoidance and risk taking that reflects
the underlying emotional state of the subject. In the present study, we investigated the influence of
environmental conditions on decision-making in pigs.

The Pig Gambling task has been developed to assess decision making behavior in pigs,. In this task, the pig can
choose between two alternatives. The pigs can make advantageous or disadvantageous choices, where
advantageous, low risk choices deliver smaller, but more frequent rewards, whereas disadvantageous, high risk
choices yield larger, but less frequent rewards. In the long run, over a series of successive trials, the advantageous
choices will yield more reward and less punishment, where punishment consists of delivering reward into the
central food trough, but making it inaccessible.

After habituation to testing apparatus and testing methods over the course of approximately 4 weeks, all pigs
learned to discriminate between the advantageous and disadvangeous alternatives (acquisition phase) by the age
of 9 weeks. After a 14-week retention interval, at the age of 24 weeks, retention performance was tested
(retention phase). In both phases, 20 trials per day were given to a total of 120 trials. Saliva and hair samples
were collected once at the end of both phases for determining cortisol, and body mass was measured at the end
of the retention phase.

The pigs increased the number of advantageous choices during the course of training. In the acquisition
phase, barren-housed pigs chose the advantageous options more often compared to environmentally enriched
pigs. No differences werer found during the retention phase. All pigs made less advantageous choices at the start
of the retention phase than at the end of the acquisition phase. The level of hair cortisol was higher in the barren-
housed than in the enriched-housed pigs. This difference was more pronounced after acquisition than after
retention testing. No other differences were found for cortisol in saliva and hair. The environments did not
differentially affect body mass at the end of the study. Summarizing, housing in a barren environment appears to
be more stressful than housing in an enriched environment, as indicated by higher hair cortisol levels in barren-
housed pigs, but it also improved acquisition of the PGT.

1. Introduction

Commercially farmed animals face an environment that may exceed
their cognitive abilities to adapt successfully (Jensen and Toates, 1993;
Korte et al., 2007), which may lead to stress. The animal’s emotional
state may in turn affect cognitive processes such as interpretation,
judgement and decision making (Blanchette and Richards, 2010).

The Iowa Gambling Task (IGT) is a common method to examine

decision making in humans, especially risky decision making behavior.
The IGT permits measuring the participant’s behavior in terms of risk
avoidance and risk taking by simulating a real-life decision making
situation. The IGT was initially developed to examine the ability of
patients with prefrontal cortex damage to make choices under ambi-
guity (Bechara et al., 1994). The IGT and modifications of this task have
subsequently been applied for other research objectives with different
clinical neuropsychiatric disorders such as eating disorders (Boeka and
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Lokken, 2006; Tchanturia et al., 2007), drug abuse (Verdejo-Garcia
et al., 2007), pathological gambling (Brand et al., 2005; Linnet et al.,
2010), Parkinson’s disease (Kobayakawa et al., 2008), depression (Must
et al., 2013), ADHD (Garon et al., 2006), and schizophrenia
(Matsuzawa et al., 2015). Patients suffering from these psychiatric
disorders perform poorly in the IGT. According to Buelow and Suhr
(2009), the IGT can be linked to personality and affective state. The
notion that the IGT reflects the emotional process of decision-making is
supported by studies in which people with anxiety or a negative
attitude perform poorer on the IGT than people with a positive attitude
(de Vries et al., 2008; Miu et al., 2008; Must et al., 2006; Suhr and
Tsanadis, 2007).

Rodent (de Visser et al., 2011b; van den Bos et al., 2014) and pig
versions (Murphy et al., 2015) of this task have been developed. The
rodent version of the Iowa Gambling Task has been used to investigate
the neurobiological mechanisms underlying decision-making
(Kempermann et al., 1997; Orsini et al., 2015; Rampon et al., 2000;
van Praag et al., 1999). Studies suggest that, just like humans, healthy
rats and mice learn to choose the advantageous option (van den Bos
et al., 2006).

The PGT, like the IGT, is based on probabilistic learning using
rewards and punishments. The probability of responding can be
decreased by applying “positive punishment”, such as delivery of a
painful/noxious consequence, but also by applying “negative punish-
ment”, which may consist of withdrawing, withholding, or making
inaccessible a positively valued outcome such as food reward
(Farhoody, 2012; Mora and Davison, 2009; Sørensen, 2010). Negative
punishment might be considered as a less intrusive option than
applying positive punishment, where an aversive stimulus is applied
(Brando, 2012).

Bechara et al. (2005) distinguished between two phases during the
process of learning in a gambling task. During the initial phase, the
subject does not yet know the outcome probabilities of choice
alternatives, “(the outcomes are known but their probabilities are not
known)” (Starcke and Brand, 2012; p. 1230). In this phase, decisions
made involve ambiguity. During the course of successive trials, the
subjects will learn about the outcome probabilities of the choice
alternatives “(the outcome probabilities are specified)” (Starcke and
Brand, 2012; p. 1230). Now the subject may choose between safe and
risky choices, i.e. the subject may show risk taking or risk avoiding
behavior. Safe choices have a high probability of gaining a reward, but
the reward is relatively low in value. In contrast, risky choices have a
lower probability of gaining a reward, though the reward is substan-
tially larger in value than that of safe choices, which are characterized
by a high probability of gaining reward, although the rewards are
smaller (Krain et al., 2006).

The pigs can make advantageous or disadvantageous choices, where
the advantageous choice is to prefer the smaller, but more frequent
rewards above larger, but less frequent rewards (i.e. the disadvanta-
geous choices). In the long run, over a series of successive trials, the
advantageous (i.e. safe) choices will yield more reward and less
punishment (Brevers et al., 2013) than the disadvantageous (i.e. risky)
choices. In the present version of the PGT, (negative) punishment
consists of making the reward inaccessible. The optimal strategy thus is
to perform advantageous choices yielding smaller reward with less
punishment instead of the bigger reward with more punishment (de
Visser et al., 2011b).

Rodents that prefer risky choices show the same traits as psychiatric
patients suffering from disorders such as mania and drug addiction, in
which decision-making is affected (Rivalan et al., 2009; Young et al.,
2011).

Since animal welfare can be defined as the quality of life as
perceived by the animal (Ohl and van der Staay, 2012), affects and
emotions are considered as key elements of an animal’s welfare state
(Désiré et al., 2002; Mendl and Paul, 2004). Barren environments may
provide animals with inadequate mental stimulation, as they restrict

the expression of natural behavior. This may lead to stress and
unpleasant emotional states (Dawkins, 1990), which, particularly if
longer lasting, can lead to a negative affective state that has been
associated with poor welfare (Broom, 2011; Duncan and Petherick,
1991; Rushen, 1996). Enriched environments that stimulate the ani-
mal’s senses and counteract boredom (Ernst et al., 2005) and provide
space in which an animal can show natural behaviors, i.e. behaviors
which it exhibits under natural conditions (Bracke, 2006), improve
animal welfare. Zebunke et al. (2013) studied the effects of cognitive
enrichment (a form of environmental enrichment that addresses the
cognitive abilities) on behavioral actions and physiological measures of
pigs. They found that cognitive enrichment induces a positive affective
state in pigs (Zebunke et al., 2013). Physical enrichment such as
substrates and objects are challenges for cognitive adaptation. In
addition, promoting exploratory and play behavior in pigs is a feasible
method to promote positive emotions which enhance overall quality of
life (Mills Brown et al., 2015; Zupan et al., 2016).

Various rodent studies have shown that environmental enrichment
enhances learning and memory (Kempermann et al., 1997; Rampon
et al., 2000; van Praag et al., 1999). Enrichment can modify the
structure, growth and physiological efficacy of mammalian neurons and
their synaptic connections (Paylor et al., 1992). According to Paylor
et al. (1992) altered intracellular signaling and modified synaptic
strength may underlie enrichment-induced memory improvement.
Sneddon et al. (2000) found that enriched-housed rats learned their
task more rapidly than barren-housed rats. These results suggest that
cognitive development may be impaired in barren-housed pigs. de Jong
et al. (2000) reported that barren-housed pigs had an impaired long-
term memory, whereas they showed no differences in learning abilities
compared to the enriched-housed pigs.

Recently, the influences of environmental conditions on decision-
making in rats has been studied. Zeeb et al. (2013) examined the effects
of enrichment, social-housing, and isolated rearing on the rat gambling
task, a test modelled on the IGT. Compared to rats housed in pairs,
isolated animals and environmentally enriched rats learned the optimal
strategy slower. The isolated-reared rats, however, were the only ones
that, after acquisition of the task, persisted in choosing the disadvanta-
geous option more often than the rats in the other two experimental
conditions. It can be concluded from this study that the environment of
the animals affects the ability to learn and perform the IGT (Zeeb et al.,
2013).

1.1. Aim of the present study

Using the Pig Gambling Test (PGT) developed by Murphy et al.
(2015) and based on the rodent versions of the IGT, we studied the
effects of housing conditions on pigs’ decision making behavior. We
hypothesized that piglets housed in a barren environment would
experience chronic stress and would be slower to learn the optimal
strategy and to choose the disadvantageous option more often than
littermates housed in the enriched environment. To assess the long-term
retention of decision making behavior in the PGT, both groups were
tested again after a 14-week rest period. Cortisol in saliva and hair
samples, collected immediately after the end of the acquisition and
retention phase, was taken as marker of acute and chronic stress,
respectively (Antonides et al., 2015; Gieling et al., 2014; Lee et al.,
2015). To assess the effects of environmental enrichment on growth, all
pigs were weighed at 3 and 26 weeks of age.

2. Material and methods

2.1. Ethical note

The study was reviewed and approved by the local ethics committee
of Utrecht University, The Netherlands, and was conducted in accor-
dance with the recommendations of the EU directive 86/609/EEC. All
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effort was taken to minimize the number of animals used and to avoid
any suffering.

2.2. Subjects and apparatus

2.2.1. Animals
Twenty male piglets (cross-breeds Duroc x Yorkshire and Duroc x

Danish Landrace) from ten different litters were used. They were born
at the farm De Tolakker of Utrecht University in litters sized between 10
and 15 piglets. The parities of sows was not recorded. The tails of all
piglets were docked between 3 and 7 days of age. Teeth clipping and
castration were not applied.

Starting at one week of age, all piglets had access to a food trough
with “Romelko nurse” (supplier: De Heus Voeders B.V., Ede, The
Netherlands,), followed by “Romelko prevent 3” in the week before
to the first week after weaning.

The experimental animals were selected at 3 weeks of age. Pairs of
male piglets closest to their calculated average litter weight were
selected and one of the two littermates was assigned randomly to the
barren environment, the other to the enriched environment. At the age
of 4 weeks, the piglets were weaned, flanks were shaved in the area
later to be shaved for cortisol measures, and the animals were moved to
the research facility (a stable located next to the stable where they were
born). In the research facility, animals were mixed into the final group
sizes of 10 animals in their respective environments, (i.e. one barren
pen and one enriched pen) (see Fig. 1 for a timeline of this study). All
pigs were fed according to weight class as recommended by the feed
supplier (de Heus).

2.2.2. Housing
Two equally sized, adjacent pens (5 m × 4 m) were used, one of

them providing a barren, the other an enriched environment. Both pens
contained a covered piglet nest (approx. 1.3 m × 3.60 m). The concrete
floor of the enriched pen and the nest area were covered with a thick
layer of straw, stimulating rooting behavior (e.g., Averós et al., 2010;
Jensen et al., 2008) and exploration (Studnitz et al., 2007). Additional
structural enrichment consisted of balls, footballs and wooden sticks on
the floor, and plastic chewing sticks and balls attached to chains.

To meet legal requirements, the barren environment contained
some enrichment. It was provided with a chain, one ball and two
chewing sticks. The floor of the pen and the nest area consisted of bare
concrete.

In both pens, water was available ad libitum, and 100% of the daily
feed allowance was provided in the morning on non-training and non-
testing days. During training and testing, the pigs received 25% of their

feed allowance in the mornings and the remaining 75% in the evenings.

2.2.3. Apparatus
Testing was conducted in the Pig Gambling test (PGT) apparatus

(see Fig. 2), located adjacent to the pigs’ pens. A start box (1.2 m2) was
connected via an antechamber (1.2 m2) to the test arena
(3.6 m× 2.4 m). The test arena contained two goal boxes, each of
which with a food bowl covered by a large, hard plastic ball (diameter:
24 cm). The ball could be raised off the bowl but not knocked off.
Guillotine doors operated remotely by the experimenter controlled
access to the test arena and goal boxes. The swing-doors between the
antechamber and test arena always stood fully open, thereby increasing
the size of the startbox. The goal boxes were response points. Chocolate
M&M’s® (Mars Nederland b.v., Veghel, The Netherlands) were used as
reward. A food delivery system allowing for delivery of large or small
rewards, which could be rendered accessible or inaccessible, was
located on the back of the test arena, equidistant between both goal
boxes (see Fig. 2B–D). Rewards were placed in two funnels connected to
a Y-shaped delivery pipe attached at the back of the apparatus, which
fed into a food trough in the test arena (Fig. 2A). The experimenter
controlled the release of rewards from either funnel into the food bowl
(Fig. 2C). This food trough was covered by a transparent perforated
Perspex® lid that could only be raised or lowered by the experimenter
(Fig. 3D). A number of cues indicated that rewards were present in the
food bowl—the sound of the M&M’s® dropping down the reward
delivery tube into the central food bowl provided auditory cues, while
the lid allowed both olfactory and visual perception of the deposited
rewards.

2.3. Test procedures

2.3.1. Habituation to apparatus and group training
After arrival in the research facility, the pigs were left undisturbed

for four days. Then, on the following two days, the pigs were habituated
to the two experimenters and to chocolate M&M’s®. Both groups were
separately allowed to leave their home pen and enter the corridor that
led to the testing area. One week after arrival, each group was
separately allowed to explore the waiting room and the PGT apparatus
in three sessions per day on two successive days. Access to the goal
boxes was blocked (i.e. the guillotine doors in front of the goal boxes
were closed). On the next two days, in two sessions per day, the two
groups of ten piglets were allowed to explore the PGT apparatus. The
pigs stayed in the start box for approximately 30 s before they gained
access to the testing chamber. Then, the group sizes were first reduced
to five and then to two pigs per group over a period of two days (two

Fig. 1. Timeline of the experiment. The approximate age in weeks and days is shown at which animals were weighted and saliva and hair samples were collected, and at which
habituation, acquisition and retention testing in the PGT started.
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sessions per day). On the next two days, in two sessions per day, only
one pig was allowed in the testing area. M&M’s® were initially
scattered in the corners and in the central food trough to encourage
exploration. As the sessions continued, the rewards were presented only
in the central food trough. When a pig consumed all M &M’s®, it was
considered to be ready for further training.

2.3.2. Individual training in the testing apparatus
A large, red hard plastic ball was hung 10 cm above the food bowls

in the goal boxes which contained a few M&M’s®. The pigs were
trained to push or lift the ball in order to gain access to these M&M’s®

in three sessions (1½ day). During the next sessions, the ball in the goal
boxes was lowered to entirely cover the food bowl. The pigs were now
rewarded with M&M’s® in the central food trough for finding the
M&M’s® in the goal boxes. After three successive sessions in 1½ days
the pigs were only rewarded in the central food bowl. It took
approximately five days of training before all pigs performed the
required response to push or lift a ball in order to get the reward in
the central food trough.

Some of the pigs always approached the same goal box (side
preference). To break this habit, the goal box opposite to their favorite
goal box was opened, and the goal box at the preferred side was closed
before letting the pig into the testing arena (forced trials). The pigs were
given two session each with 10 forced trials for the next five days. Any
push that caused movement of the ball was rewarded in the central food
trough with two M&M’s®. Then, the pigs were trained in two sessions
per day on 6 successive days, i.e. each pig received 20 trials per day.
The left or right goal box was open five times per session in a
pseudorandom order. The pigs earned two M&M’s® by any push or
lift of the ball of their advantageous goal box and a reward of four
M&M’s® at their disadvantageous goal box. Whether the advantageous
side was left or right was randomly determined per pig.

2.3.3. Acquisition and retention phase
Next, both goal boxes were open and the pigs could make their

choice by any push or lift of the ball in one of the goal boxes. We tested
the pigs for six days, one block per day. Each daily block consisted of
two 10-trial sessions. A pig was tested 10 times in close succession, with
each trial usually lasting between 35 and 70 s. After completion of the
tenth trial, the pig left the PGT apparatus. The pigs of the same
environment were tested one after another. Then the same procedure
was applied in pigs from the other envioronment. This procedure was
repeated once per block. After 30 s in the start box, the guillotine door
was opened which allowed the pigs to enter the test arena. Any correct
response in a goal box (pushing or lifting the ball) resulted in the
delivery of reward into the central food bowl covered by a transparent
plastic lid with holes allowing the pig to see and smell the M&M’s®. The

Fig. 2. Top view of the apparatus used to test decision making behaviour in pigs (panel A), and food delivery system used to render rewards accessible or inaccessible. Rewards were
placed in two funnels connected to a Y-shaped delivery pipe attached at the back of the apparatus, which fed into a food trough in the test arena. The experimenter controlled the release
of rewards from either funnel into the food bowl. Reward in the funnel was released into the food trough by lifting a ball that locked the opening of the funnel. The food trough was
covered by a transparent perforated Perspex® lid that could be raised by the experimenter to make reward accessible. (Figures adapted and modified from Murphy et al., 2015).

Fig. 3. Number of advantageous choices of pigs kept in a barren or enriched environment
from rearing. The number of advantageous choices per block of 20 trials for the
acquisition and retention phase is depicted in panel A. Panel B shows the block number
during acquisition and retention in which the advantageous choices were higher than the
disadvantageous choices. Panel C shows the latencies of advantageous and disadvanta-
geous choices, averaged across all blocks, during the acquisition and retention phase.
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number of M&M’s® and the accessibility of reward were predeter-
mined. A response in the advantageous goal box yielded only two
M&M’s®, but had a high probability (80%) of becoming accessible. A
response in the disadvantageous goal-box yielded four M&M’s®, but
with a low probability (30%) of becoming accessible. In the long run, in
each series of 20 trials, the advantageous option yielded 32 accessible
M&M’s® while the disadvantageous option yielded 24 accessible
M&M’s®. When a choice was made, the pigs were given 25 s to
consume the reward. If a pig failed to choose within 60 s, both goal
boxes were closed and the pig had to stay in the test arena for another
60 s (time-out period). Then, the pig entered the start box, and the next
trials started. This cycle was repeated until the pig had performed the
10 trials of a session. When the acquisition phase (6 blocks of two 10-
trial sessions, i.e. 120 trials in total) was completed, training was
suspended.

After a 14-week retention interval testing was resumed. All pigs
were first given four forced trials, two with the left and two with the
right goal box opened. In these trials the pigs were rewarded with one
M&M’s®. This session confirmed that all pigs remembered their learned
responses. Unlike in the acquisition test, in the retention phase the pigs
were large and difficult to seclude in the start box of the apparatus.
Therefore, on each of six consecutive days, only one session was given
consisting of twenty trials in close succession (6 daily sessions of 20
trials each, i.e. 120 trials in total).

2.4. Cortisol in saliva and hair

2.4.1. Saliva and hair sampling and weighing
A first saliva sample was taken 2 days before weaning.

Unfortunately, the yield of saliva was insufficient to determine cortisol
concentrations reliably. The hair at the flank of all piglets was shaved
one week after weaning, to determine hair cortisol concentrations and
to provide a clean area for hair to grow during the period of housing in
enriched or barren environment. Unfortunately, the yield was insuffi-
cient to determine cortisol.

One saliva and hair sample was collected immediately after the last
(120th) trial of the acquisition phase, and one saliva and hair sample
was collected immediately after the last (120th) trial of the retention
phase. Saliva samples were taken according to the method described by
Merlot et al. (2011). Two swabs (Heinz Herenz, Hamburg, Germany,
Cotton Swabs 150 × 4 mm WA 2PL) per animal were used to obtain
saliva for further analysis. The saliva samples were taken between
14.00 and 18.00 h. Each pig was allowed to chew on the swabs until the
swabs were thoroughly moistened. The piglets appraoched the experi-
menter, and chew the swabs voaluntarily, i.e.hey were not constrained
during the sampling.

Then, each pig was picked up and held by one experimenter, and the
other shaved the flank of the pig to collect between 0.5 and 1 g of hair
as described by Davenport et al. (2006). Hair samples were stored in
aluminum foil at room temperature.

After the last trial of the retention phase, saliva samples were
collected again, as described above. However, for hair sampling, pigs
were not picked up (the pigs were now habituated very well to the
experimenters and allowed shaving without the need to constrain
them).

Body weight of all pigs was measured in week 3 and 26.

2.4.2. Cortisol in saliva
The swabs were placed in special centrifuge tubes with inner cases

(Salivette, Sarstedt, Germany) and were rapidly centrifuged at 3500G
for 10 min at 10 °C to obtain the saliva. After discarding the inner case
with swabs, the collected saliva was stored in the same tubes at −20 °C
until cortisol was measured by radioimmunoassay (Merlot et al., 2011),
according to the manufacturer’s instructions (Coat-a-Count cortisol
TKCO, Siemens Healthcare Diagnostics, Los Angeles, USA). All samples
from both groups were assayed on the same day in duplicate. The

results were given in nmol L−1.

2.4.3. Cortisol in hair
For analysis of hair cortisol, between 50 and 250 mg hair was

washed twice by gently mixing (roller-bank speed 20) for 3 min, with
5 ml isopropanol in a 50 ml tube for minimizing contamination of
cortisol measurements with cortisol from feces and urine (Davenport
et al., 2006). The hair was dried in a stove (Memmert, Depéx, De Bilt) at
37 °C for four days. About 50 mg was weighed using a precision scale
(analytic balance AE240, Mettler Toledo B.V., The Netherlands) and
placed in a snapcap Eppendorf centrifuge tube (2 ml). The hair samples
were ground in a TissueLyser II (Qiagen, The Netherlands) with 3 beads
(3.2 mm no 11079132, Qiagen, The Netherlands) per sample for 15 min
at 30 Hz and subsequently centrifuged (17000G, 5 min at 4 °C) (Sigma
3K10 Laborzentrifugen, Salm en Kipp B.V., The Netherlands). Grinding
and centrifuging were repeated, if a sample was not pulverized.

Twenty-five to 45 mg of the fine powder was placed in a snapcap
Eppendorf centrifuge tube, according to the method described by
Scholman (2012) and Zeinstra et al. (2015). One ml of methanol was
added to every tube and tubes were incubated at room temperature,
protected from light, for 24 h while slowly rotating on a tube-rotator
(Snijders test-tube-rotator 34528, Omnilabo International B.V., The
Netherlands). The tubes were then centrifuged at 17,000g, for 5 min at
4 °C. Subsequently, 0.6 ml of the clear extract was taken and placed in a
new tube and stored at 4 °C. For further analysis, the extracts were
dried in a Speedvac (AES 1000, Savant Instruments Inc. Farmingdale
NY) for 2.5–3 h, medium temperature, and then stored at −20 °C. The
dried extracts were dissolved in 100 μl phosphate buffer (assay diluent),
provided in the High Sensitivity Salivary Cortisol ELISA kit (Salimetrics
Europe Ltd., Newmarket, United Kingdom), for 24 h at a shaker set at
300/min. The samples were again stored at −20 °C. The Elisa kit was
further used according to the manufacturer’s instructions. All analyses
were performed in duplicate. The obtained optical densities were
corrected for dilution and the actual amount of hair powder that had
been used. Cortisol concentrations were expressed in ng mg−1 hair.

2.5. Statistical analysis

All analyses were performed using the statistical software SAS
(version 9.4, SAS Institute, Cary, NC, USA). Normal distribution of
the residuals of all dependent variables was assessed using the Shapiro-
Wilk test (SAS PROC UNIVARIATE).

2.5.1. Number of advantageous choices
The effects of the rearing environments on the number of advanta-

geous choices were analyzed using a mixed model analysis of variance
(ANOVA; SAS PROC MIXED) with the fixed effects. Environment
(barren, enriched) and six successive Trialblocks (a block consisting
of the number of advantageous choices in each series of 20 daily trials),
and their interactions separately for the acquisition and the retention
phase. In addition, to assess the effects of the 14-week retention
interval, we compared the performance during the last (6th) block of
the acquisition phase with the first of the six blocks of the retention
phase. In all mixed model analyses, a random effect for litter was
added, and the correlation of repeated measures within piglets was
addressed using an autoregressive heterogeneous (1) [AHR(1)] struc-
ture for the residuals.

2.5.2. Session from which the number of advantageous choices exceeded the
number of disadvantageous choices

The effect of the environment on the number of acquisition sessions
needed until the number of advantageous choices exceeded the number
of disadvantageous choices was analyzed using a mixed model ANOVA.
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2.5.3. Difference score between latencies of advantageous and
disadvantageous choices

Mean difference scores between latencies of advantageous and
disadvantageous choices were calculated across blocks per phase
(acquisition, retention) and analyzed in a mixed model ANOVA with
the fixed factors Environment and Phase (acquisition, retention). Note
that some pigs in some sessions did not make any advantageous or
disadvantageous choice. In that case, a missing value was entered in the
data sheet.

2.5.4. Salivary and hair cortisol
The effects of the rearing environment on salivary and hair cortisol

were analyzed using a mixed model ANOVA with the fixed effects
Environment (barren, enriched) and Sampling time point (samples
drawn after the acquisition and after the retention phase of the PGT).

2.5.5. Body mass
The effects of the rearing environment on body mass were analyzed

using a mixed model ANOVA with the fixed effects Environment
(barren, enriched) and Age (3 vs. 26 weeks of age).

3. Results

3.1. Advantageous choices

The number of advantageous choices increased across the 6
successive trialblocks of the acquisition phase (F5,99 = 12.29,
P < 0.0001; Fig. 3A), similarly in both groups (Trialblocks by Envir-
onment interaction: F5,99 = 0.41, P = 0.842). The barren-housed pigs
made more advantageous choices than the enriched-housed littermates
(F1,99 = 4.27, P = 0.041).

In the retention phase, the number of advantageous choices
increased marginally across blocks (Trialblocks, F5,99 = 2.11,
P = 0.070; Trialblocks by Environment interaction: F5,99 = 0.78,
P = 0.566). The Environment did not affect the number of advanta-
geous choices in the retention phase.

The number of advantageous choices decreased between the end of
the acquisition (6th block of the acquisition phase) and the start of the
retention phase (1st block of the retention phase) (F1,27 = 7.01,
P = 0.013), but this drop was not affected by Environment
(Environment, F1,27 = 0.19, P = 0.684; Retention interval by
Environment interaction, F1,27 = 3.01, P = 0.094).

3.2. The trialblock at which the advantageous choices exceed the
disadvantageous choices

The block of trials at which the number of advantageous choices
exceeded those of the disadvantageous choices was unaffected by the
environment (acquisition phase, F1.27 = 0.17, P = 0.688; retention
phase, F1,27 = 0.00, P = 1.000; see Fig. 3B).

3.3. Latencies of advantageous and disadvantageous choices

Visual inspection of Fig. 3C suggests that the barren-housed pigs had
a longer mean latency to respond to the disadvantageous option than to
the advantageous one. This impression, however, was not confirmed
statistically (Environment: F1,27 = 0.54, P = 0.4703; Phase:
F1,27 = 0.99, P = 0.3286; Environment by Phase interaction:
F1,27 = 0.55, P = 0.4643).

3.4. Salivary and hair cortisol

Shapiro Wilk test indicated that all cortisol values were distributed
normally.

3.4.1. Cortisol in saliva
There was neither an effect of environment nor of sampling time

points following the acquisition and retention phases (Environment:
F1,27 = 1.68, P = 0.2058; Sampling time point: F1,27 = 2.29,
P = 0.1418; Environment by Sampling time point interaction:
F1,27 = 0.10, P = 0.7567) on salivary cortisol.

3.4.2. Cortisol in hair
The rearing environment affected hair cortisol differently

(Environment: F1,24 = 15.54, P = 0.0006; Sampling time point:
F1,24 = 4.09, P = 0.0545; Environment by Sampling time point inter-
action: F1,24 = 6.71, P = 0.0160). Hair cortisol was higher in barren-
housed than enriched-housed pigs (see Fig. 4B) and this difference was
more pronounced after acquisition than after retention testing.

3.5. Body mass

Body mass and growth were not affected by the rearing environ-
ment (Environment: F1,27 = 0.09, p = 0.7703, Age: F1,27 = 653.13,
P < 0.0001; Environment by Age interaction: F1,27 = 0.08,
P = 0.7773; see Fig. 4C).

Fig. 4. Cortisol in saliva (panel A) and hair samples (panel B) of pigs housed in a barren or enriched environment from weaning. The samples were collected after the acquisition (at
approx. 9 weeks of age) and after the retention phase (at approx. 23 weeks of age) of a decision making task. The body mass of these pigs at the ages of 3 and 26 weeks is depicted in panel
C. The means and standard errors of the means of two groups of 10 pigs are shown.
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4. Discussion

4.1. Acquisition and retention

The barren-housed pigs had higher levels of hair cortisol concentra-
tions than the enriched-housed pigs. According to Conrad (2010),
chronic stress in rats has an influence on hippocampal functioning,
including spatial learning and working memory. Oitzl and de Kloet
(1992) showed that very low or high concentrations of circulating
corticosterone impair spatial learning in rats. Environmental enrich-
ment has been shown to improve spatial abilities in rats (Paylor et al.,
1992), and improved spatial working memory in pigs (Grimberg-
Henrici et al., 2016). These findings do not match with our current
results.

In the acquisition phase, the barren-housed pigs chose the advanta-
geous side more often compared to the enriched-housed pigs. Visual
inspection of the data suggested that the barren-housed pigs learned
faster, i.e. had a steeper learing curve, an impression that was not
confirmed statistically. Also, the number of blocks at which the
advantageous choices exceeded disadvantageous choices in the acquisi-
tion and retention phase were not affected by the environment. The
barren-housed pigs in the acquisition phase may be better at weighing
the probabilities of each choice in order to maximize their gain,
suggesting a better working memory. Note that in the initial phase of
the PGT, the subject does not yet know the outcome probabilities of
choice alternatives (Starcke and Brand, 2012) but must “detect” this
probability by remembering the outcomes of a series of successive
trials. In this phase, decisions made initially involve ambiguity. The
barren housed pigs may have detected the underlying probabilities
faster than the enriched housed ones. This corroborates the findings of
Zeeb et al. (2013) that rats housed in enriched environments were
slower learners. However, it does not corroborate research by Sneddon
et al. (2000), where enriched-housed pigs learned faster than barren-
housed pigs, suggesting that the cognitive development of barren-
housed pigs may have been impaired. In the acquisition phase, the
barren- and enriched-housed pigs showed an increasing preference for
the advantageous side, althought the learning curve of the barren-
housed pigs were higher than that of the enriched housed pigs. Both
groups eventually reached a similar performance level.

According to de Jong et al. (2000), who used a retention interval of
nine weeks, pigs housed in a barren environment have an impaired long
term memory compared to enriched-housed pigs. We used a retention
interval of 14 weeks and observed no difference in the long term
memory between the two groups

On the other hand, Douglas et al. (2012) found that pigs housed in
an enriched environment showed an optimistic cognitive bias in a
judgment bias task, which was interpreted as indicative of a positive
affective state.

4.2. Latencies

The latencies of disadvantageous choices seemed to be longer than
the latencies of advantageous choices. However, this impression was
not confirmed statistically. Longer response times in memory tests have
generally been associated with incorrect choices compared to correct
choices (Laughlin and Mendl, 2004).

4.3. Affective state

Our expectation was that the behavior of the barren-housed pigs
would be comparable with that of rats preferring risky choices is
consistent with the experimental observations. The negative affective
state of pigs that may be induced by a barren environment (Douglas
et al., 2012) did not lead to choosing the disadvantageous option more
frequently.

Non-systematic observations during the course of the experiment

may shed some light on the differences in behavior between the groups
reared in the barren and enriched environment. Compared to the
barren-housed pigs, the enriched-housed pigs showed more anxious
behavior by moving back more often and quicker when the experi-
menters approached them. They seemed, however, to react less
anxiously to new stimuli, possibly because of the enrichment in their
pen. The barren-housed group was more cooperative than pigs from the
enriched environment. In line with de Visser et al. (2011a), where high
anxiety in rats led to reduced performance (they less frequently chose
the advantageous option), the enriched-housed pigs underperformed in
the acquisition phase compared to the barren-housed pigs by choosing
the advantageous side less often.

The PGT as derivative of the Iowa Gambling Task involves decision
making processes (Brand et al., 2007). During the initial phase of the
PGT, the subject does not yet know the outcome probabilities of choice
alternatives. Consequently, decisions made involve ambiguity. Later
trials reflect decision making under risk where the subject learns about
the potential outcomes. All pigs of the present study from both
environments showed a stronger preference for the advantageous
option over the course of acquistion, but the barren-housed pigs made
more advantageous choices. This suggests that barren-housed pigs show
a higher aversion to risk compared to the enriched-housed pigs instead.

4.4. Training as enrichment

It is probably incorrect to say that the barren-housed pigs did not
experience any enrichment. They experienced, just as the enriched-
housed pigs, attention daily, in the period of habituation to the testing
equipment and procedures, and during training and testing in the PGT
apparatus. Training affords learning opportunities and learning is
considered to be enriching. However, according to a study of Melfi
(2013) there are more conditions that have to be met before being
considered as enrichment. The training should, for example, provide a
dynamic change of the animals’ day and should increase animal-human
interactions, conditions met by the present study.

Similar to other forms of environmental enrichment, training may
alleviate stress, increase species specific behavior, biological function
(e.g. brain development, physical fitness and health), flexibility, beha-
vioral diversity, and exploration (Melfi, 2013). Environmental enrich-
ment also reduces abnormal behavior such as stereotypies (Hunter
et al., 2002; Moreira et al., 2007; van Hoek and King, 1997). Training
thus may have added enrichment and affected the behavior of the pigs
reared in barren or enriched environment (see also Grimberg-Henrici
et al., 2016)

4.5. Contingencies in the PGT

A number of potential contingencies underlying the advantageous
and disadvantageous choices in the PGT can be distinguished (see
Fig. 5).

Pigs may choose (I) the preferred side (side preference, side bias),
(II) the side yielding the larger reward (more M&M’s®), (III) the side
that yields reward with the highest probability, (IV) the side that yields
the fewest punishments, i.e. impedes consumption of the M&M’s® in
the central food bowl, or finally, (V) pigs may choose the side that,
within a series of, for example, 10 trials, yields the largest number of
M&M’s® (van der Staay et al., 2016). It remains to be proven that pigs
are able to assess the long-term probabilities of earning the maximum
number of reward/minimum number of punishment. Instead, they may
simply choose the contingency that provides the largest probability to
gain reward in a trial, whereas the number of chocolate M&M’s® may
be less relevant.

Moreover, Anselme (2015) raised doubts whether this type of tasks
models decision-making under risk, because failing to gain the max-
imum of 32 M&M’s® per series of 20 trails has no serious consequences.
M &M’s® were released into the central food bowl upon lifting the ball
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in one of the goal boxes. The sound of the falling M&M’s® may act as
secondary reinforcer that helped to maintain responding. M&M’s®

made accessible for consumption acted as primary reinforcer, whereas
leaving the M&M’s® inaccessible after hearing the sound of M&M’s®

falling into the food trough and seeing and smelling the reward in the
trough may have been experienced as (mild) punishment.

4.6. Putative effects of flavonoids in M&M’s® as cognition enhancers

Whereas it is feasible that the M&M’s® promoted the pigs’ learning
because of their rewarding effects, they possibly also have cognition
enhancing effects through the flavonoid components, in particular
flavanols in chocolate (for reviews see Field et al., 2011; Sokolov
et al., 2013). One M&M’s® weighs 0.9 g, and each M&M’s® contains
70% cacao. Fifty M&M’s® have a total weight of 31.9 g of cacao.

A single administration of 100 mg cacao per 100 g body weight
significantly reduced fear conditioning in rats. Long-term administra-
tion (two weeks) enhanced brain concentration of the emotion-related
neurotransmitter serotonin and its turnover (Yamada et al., 2009).
Short-term cocoa intake has an anxiolytic effect, whereas long-term
intake affects brain monoamine metabolism (Yamada et al., 2009). In
animal models of normal aging, dementia, and stroke, protective effects
of long-term flavanol consumption on behavior and neurocognition,
including disease- and age-related cognitive decline, were shown.
Human research corroborates these findings (reviewed in Sokolov
et al., 2013). Given the actions of flavanols in cacao, cacao may be
considered a cognition enhancer (van der Staay et al., 2011). Whereas
cognition-enhancing effects have been shown with much higher doses
of chocolate than in the present study, we cannot completely reject the
possibility that very small amounts of cacao already enhance cognition,
for example by potentiating enrichment effects of testing. Such
(combined) effects may have masked potential effects that housing
had on performance in the PGT.

4.7. Pen size

The pigs in the present study had more space than conventionally

housed pigs. According to Varkensbesluit (Pigs Decree) 2013, article 4
(Pigs decree - Dutch Government, 2015) it is required to provide pigs
under 15 kg with 0.20 m2 space per pig. From 15 up to 30 kg and 30 up
to 50 kg the pigs must have 0.40 m2 and 0.60 m2 space per pig,
respectively. At a weight of 50–85 kg and 85-110 kg, pigs must have
0.80 m2 and 1 m2 space per pig, respectively. Each pig in the present
study had access to 2 m2 space throughout the entire experiment (at the
end of the study, when the pigs had reached 26 weeks of age, the body
weight of the barren-housed pigs was (mean ± standard error of the
mean) 104.60 ± 5.86 kg, that of the enriched housed pigs was
106.90 ± 5.33 kg; see also Fig. 4C). The generous space allowance
may influence the results because more living space may also provide
some enrichment. It is suggested that a higher space allowance
enhances the exploration towards the non-social environment within
the pen, and reduces the occurrence of aggressive episodes (Averós
et al., 2010). The time spent exploring increases with space allowance,
but only when bedding is provided (Averós et al., 2010; Turner et al.,
2003), which was not available in the barren environment.

4.8. Salivary and hair cortisol

According to Beattie et al. (1995) a barren environment has
negative effects on pig welfare. Cortisol levels are often used to assess
chronic stress and to subsequently judge animal welfare. In our
experiments the cortisol level in hair was higher in the barren-housed
pigs compared to enriched-housed pigs in the first 5 weeks following
enriched- or barren housing, but not in the samples collected after an
additional 14 weeks of enriched or barren housing. The increased hair
cortisol concentrations, which reflect a long-term measure of stress (i.e.
Short et al., 2016) in the present study suggests that barren-housed pigs
experienced more stress during the first few weeks of housing in the
experimental environment. Grimberg-Henrici et al. (2016) found that
pigs in a barren environment had increased basal cortisol concentra-
tions in saliva, which would support the present finding. de Jong et al.
(2000) also found differences in basal salivary cortisol levels between
enriched and barren- housed pigs, but the study by De Jong and
colleagues reported lower salivary cortisol levels in barren- than

Fig. 5. Contingencies in the PGT. Pigs may choose (I) invariably either the left or right goal box (side preference, side bias; as long as the pig persists in selecting one side, it will not learn
anything about the contingencies that are in effect on the other side), (II) the side that yields the larger reward (i.e., four M&M’s®), (III) the side that yields reward with the highest
probability in the long run, (IV) the side, which yields the lowest probability of punishment, i.e., non-reward in the long run, or, finally, (V) the side, which renders the largest number of
M&M’s® in the long run. The light grey and dark grey bars in the circles at the right of the figure show the relative contrast between the advantageous and disadvantageous choices,
depending on the contingency according to which the pig chooses. It is obvious that the contrast between the advantageous and disadvantageous choices is lowest for option (V) which
represents the contingencies that the pig is believed to learn in the PGT (modified from van der Staay et al., 2016).
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enriched-housed pigs which were both circadian- and age-dependent.
In fecal cortisol, which is presumed to reflect responses over several
hours, no effect was seen of environmental enrichment on cortisol
levels in pigs (Cornale et al., 2015). This discrepancy underlines the
difficulty in the interpretations of basal levels of acute measures of
cortisol, i.e. in saliva and blood and to a certain extent feces, as a
reflection of long-term effects. Hair cortisol, which does not reflect
temporally short responses in terms of minutes or hours but a gradual
buildup over weeks, may provide a better reflection of long-term effects
of housing on the HPA-axis.

In the present study, no housing effects were found for cortisol
levels in saliva following a behavioral challenge. The results reported in
literaure regarding acute responses of cortisol in either blood or saliva
of enriched-housed animals are not always consistant. In goats housed
in enriched or barren environments, no effect of environment was
found on salivary cortisol following a behavioral challenge (Oesterwind
et al., 2016), in agreement with the lack of effect of behavioral
challenge on salivary cortisol response in the present study. However,
in blood, environmentally enriched pigs showed a trend to increased
response to a behavioral challenge compared to barren-housed pigs
(Beattie et al., 2000). Salivary cortisol concentrations were measured at
a single time point after testing in the present study as a measure of
acute cortisol response to a challenge. The use of a single time point is a
limitation of the current study; it is possible that if more time points had
been included pre- and/or post-testing, an effect of environment on
salivary cortisol may have been seen.

5. Conclusion

Housing conditions affected PGT performance. In the acquisition
phase, barren-housed pig performed better, i.e. made more advanta-
geous choices than the enriched-housed pigs, whereas no differences
between the two groups of pigs were seen during the retention phase.
The barren-housed pigs had higher hair cortisol levels, suggesting that
the barren environment was more stressful than the enriched environ-
ment.
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