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Abstract

Pavlovian to instrumental transfer (PIT) is a central factor in how cues influence animal behavior. PIT refers to the capacity of
a Pavlovian cue that predicts a reward to elicit or increase a response intended to obtain the same reward. In the present
study, using an equine model, we assessed whether PIT occurs in hoofed domestic animals and whether its efficacy can be
modulated by temperamental dimensions. To study PIT, horses were submitted to Pavlovian conditioning whereby an
auditory–visual stimulus was repeatedly followed by food delivery. Then, horses were submitted to instrumental
conditioning during which they learned to touch with their noses an object signaled by the experimenter in order to obtain
the same reward. During the PIT test, the Pavlovian conditioned stimulus was presented to the animal in the absence of
reward. At the end of the experiment, a battery of behavioral tests was performed on all animals to assess five
temperamental dimensions and investigate their relationships with instrumental performance. The results indicate that PIT
can be observed in horses and that its efficacy is greatly modulated by individual temperament. Indeed, individuals with a
specific pattern of temperamental dimensions (i.e., higher levels of gregariousness, fearfulness, and sensory sensitivity)
exhibited the strongest PIT. The demonstration of the existence of PIT in domesticated animals (i.e., horses) is important for
the optimization of its use by humans and the improvement of training methods. Moreover, because PIT may be implicated
in psychological phenomena, including addictive behaviors, the observation of relationships between specific
temperamental dimensions and PIT efficacy may aid in identifying predisposing temperamental attributes.
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Introduction

Adaptation to environmental change is a fundamental aspect of

animal behavior. In the wild, such adaptation is facilitated by cues

that guide responding toward rewarding events (e.g., food) or away

from punishing ones. Vital resources are accessible to domesticat-

ed animals, but external cues can still influence the behavioral

adaptation to husbandry/training practices.

In the literature, Pavlovian to instrumental transfer (PIT) is seen

as a central factor in how cues influence animal behavior. PIT

refers to the capacity of a Pavlovian cue that predicts a reward to

elicit or increase a response intended to obtain the same reward

(for a review: [1]). PIT results from the interaction between two

associative learning processes. The first process is Pavlovian

conditioning, during which an individual learns the relationship

between a stimulus and a reward; this stimulus becomes a

Conditioned Stimulus (CS). The second process is that of

instrumental conditioning, during which an individual learns to

perform an action in order to obtain the same reward. In the PIT

test, instrumental response is assessed in the presence of the CS. If

PIT occurs, CS presentation will increase the instrumental

response. The ability of the CS to increase the independently

acquired instrumental response characterizes PIT. PIT has been

interpreted as evidence that Pavlovian CSs exert motivational

influence over instrumental performance.

The explanatory schema of PIT might account for many

behaviors, including drug seeking and relapse in recovering

individuals with drug addiction [2], framing effects in human

economic decision making [3,4], or economic behaviors such as

shopping [5]. PIT is a general process in animal cognition and

behavior: it has been observed in various species such as mice,

pigeons, rabbits, and rats [1]. A demonstration of PIT in domestic

animals could also offer important insight into their behavior and

facilitate advances in animal training. Particularly, it could help to

improve training practices by triggering established behaviors

when primary reinforcement is unavailable or when its delivery is

impractical.

Importantly, the efficacy of PIT appears to vary between

individuals: some are more sensitive than others to Pavlovian cues

as behavioral triggers (e.g., in humans: [6]). Such variability could
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be explained by differences in dimensions of temperament.

Indeed, previous studies have demonstrated that learning perfor-

mance in general depends on such dimensions as fearfulness

(horses [7], guppies [8]), anxiety (rodents [9]), sensitivity to stress

(mice [10]), emotionality (horses [11,12]), activity (meadow voles

[13], horses [7]), sensory sensitivity (horses [7]), or shyness/

boldness (dogs [14]). All of these dimensions induce differences in

the level of arousal, stress, or sensitivity to stimuli known to impact

learning processes (for reviews of the effects of arousal and stress,

see [15,16,17,18]). Thus, in the present study, using an equine

model, we tested whether animal temperament influences the

efficacy of PIT.

The horse is a species of choice to test the possible impact of

temperament on the efficacy of PIT, since a model of tempera-

ment has been developed in this animal. Five dimensions of

temperament have been characterized in horses and can be

measured with a battery of behavioral tests: fearfulness [19],

gregariousness [20], level of activity [7], sensory sensitivity [21],

and reactivity to humans [22]. This model is one of the few that is

based on behavioral tests rather than on subjective questionnaires.

In addition, in contrast with those of other temperamental models,

these dimensions have been shown to be stable across both

situations and time; these forms of stability are fundamental to the

modeling of temperamental dimensions [23,24]. These dimensions

are also independent from one another and thus measure different

aspects of temperament. Finally, similar dimensions have been

described in many other species, including humans (for a review:

[25]).

The overall aims of this research were to determine whether

PIT occurs in horses and whether its magnitude depends on

temperament; those aims were achieved.

Materials and Methods

Ethics Statement
All animal care procedures followed were in accordance with

the guidelines set by the European Communities Council

Directive (86/609/EEC) and with French legislation on animal

research. The procedure reported in this paper was approved by

the ethics committee of Val de Loire (CEEA VdL, Comité

d’Ethique pour l’Expérimentation Animale du Val de Loire). The

experiment was conducted under a license from the French

Ministry of Agriculture (no. 37–125), and the protocol included

only behavioral observations and noninvasive contacts with the

horses. A minimal number of animals per group were used for

statistical testing of differences. Neither injury nor pain was

observed in the horses, which lived in social groups and were taken

to a paddock daily. No food restriction was used during the

experimental period, and only positive reinforcement was used

during the learning task. At the end of the experiment, the animals

returned to their normal housing arrangements.

Experimental design
Horses were submitted to three principal stages: Pavlovian

conditioning, instrumental conditioning, and a PIT test, the latter

of which assessed the impact of the Pavlovian stimulus on

instrumental responding during extinction. Nineteen horses were

submitted to these three stages across 5 weeks. In addition,

temperament tests were performed on all animals at the end of the

experiment.

Experimental animals and facilities
The study involved 19 Anglo-Arabian horses aged

1261 months (13 female and 6 male); all were reared under the

same conditions at the experimental station of the French National

Stud. They were maintained on pasture with their dam until

661 months of age, when they were weaned. From weaning until

11 months of age, they were housed indoors. Then, they lived on

pasture until the beginning of the experiment. The males were

castrated around age 10 months. All horses were accustomed to

being handled and haltered.

During the 5 weeks of experiment, the horses were maintained

together on pasture. Five days per week, they were housed

individually in inside loose boxes (6 m63 m) with adjacent outside

areas (3 m63 m) for 4 hrs. Horses were assigned to the same loose

boxes for the 5-week duration of the experiment, and they were

housed on bedding made from wood shavings. A feed bucket was

placed on the front door of each box. Water and hay were

available ad libitum in outside areas and pasture. No food

restriction was used.

PIT training
Throughout PIT training, each horse was tested in its own loose

box. In order to reduce the stress induced by social isolation, a

familiar ‘‘audience horse’’ was placed in the box facing the horse.

The other horses were kept in their outside areas and could not see

the tested horse. A horse to be tested was led by a handler from the

outside area to its box or the test arena, where the test began

immediately. Experimenter blinding was employed in order to rule

out experimenter bias.

Pavlovian conditioning. The purpose of the Pavlovian

conditioning procedure was to associate an auditory–visual

stimulus (the CS) with food delivery into the feed bucket. The

horse could move freely in its box, and the experimenter stood 2 m

in front of it (Fig. 1). The CS consisted of the experimenter shaking

a 1-L plastic jug containing 500 g of pellets. The horses received a

total of 9 sessions of Pavlovian conditioning training: one daily

during the first 5 days and one weekly for the next 4 weeks. Each

session lasted 32 min. Eight presentations of the CS were given in

each session, interspersed with periods in which no stimulus was

presented (intertrial interval, ITI). The length of these ITIs varied

from 1.5 to 3 min (average: 2 min). The CS presentations lasted

2 min, during which the experimenter distributed small handfuls

of pellets (unconditioned stimulus, UCS) into the feed bucket four

times (2 s, 30 s, 1 min, and 1.5 min after the beginning of the CS).

Thus, the animals received 32 distributions of pellets per session. If

a horse did not eat the pellets, they were removed after 20 sec. For

each session and distribution, the proportion of horses eating the

pellets in less than 20 sec was recorded. The numbers of behaviors

directed towards the feed bucket (licking, nibbling, or biting the

feed bucket or the fence to which the bucket is attached or hitting

the fence with a hoof) were also measured.

Instrumental conditioning. The purpose of the instrumen-

tal conditioning was to teach the horse to touch one of two cones

signaled by the experimenter in order to obtain a reward (pellets).

The horse could move freely in its box, and an experimenter sat 1

m in front of it (Fig. 1). The box was equipped with two orange

and white traffic cones (60 cm high) fixed on both sides of the feed

bucket (Fig. 1). To give the signal, the experimenter tapped the top

of the cone associated with the reward with her finger for a

maximum of 15 s or until the horse touched any part of it with its

nose.

When a trial began, the experimenter gave the signal to the

horse. If the horse did not touch a cone in 15 s, an additional 10 s

were allowed to attract the horse and help it to touch the cone

(with pellets or by guiding it with a halter). Immediately after the

horse touched the pointed cone, a small handful of pellets were

delivered into the feed bucket. Touching the other cone was not
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rewarded. The next trial began 10 s after the horse had swallowed

the pellets and removed its nose from the feed bucket. Each session

was composed of 30 consecutive trials. The experimenter pointed

to the right and left cones 15 times each, ordered randomly.

The horses completed a minimum of four sessions and

continued completing sessions until they reached the acquisition

criterion: touching the pointed cone in 15 sec or less during 14 out

of 15 consecutive trials in one session. The number of correct

responses (touching the pointed cone in 15 sec or less) and the

number of errors (touching the non-pointed cone) performed

during each session were recorded. The number of sessions

required to reach the acquisition criterion was also measured.

Pavlovian to instrumental transfer (PIT). In order to

optimize PIT assessment, it is necessary for the animals to exhibit a

relatively low baseline level of instrumental performance. To

ensure this, once a horse achieved the acquisition criterion, its

instrumental performance was progressively extinguished until the

horse made no more than 5 correct responses per session. To

reach this criterion, the experimenter delivered the reward 75%,

50%, 25%, 17%, and 10% of the time following a correct response

in the 1st, 2nd, 3rd, 4th, and 5th–8th sessions, respectively. If the

performance criterion was not reached after this procedure of

partial reinforcement, no reinforcement was delivered in the

following sessions until the horse exhibited no more than five

correct responses per session. The number of sessions required to

reach the criterion was recorded.

During the PIT session, the apparatus used was the same as that

described for the instrumental conditioning. The animals were

tested under an extinction condition: no reinforcement was

delivered during the session. The test consisted of three CS

presentation periods (during which the plastic jug was constantly

shaken) separated by 3 ITI periods; the test also began with an

ITI. Each CS and ITI period lasted 2 min. During each of these

periods, the experimenter gave five signals (tapped the pointed

cone for a maximum of 15 s). Thus, there were a total of 30 trials:

the left and right cones were pointed in 15 trials each, ordered

randomly.

The impact of the Pavlovian stimulus on instrumental

responding was determined by comparing the sum of correct

responses (touching the pointed cone) during the three ITI and

three CS periods. The number of correct responses was also

compared between consecutive ITI and CS periods. In addition,

we measured the number of errors (touching the non-pointed

cone) during the ITI and CS periods.

Temperament tests
At the end of the experiment, temperament tests developed by

Lansade et al. [7,19,20,21,22] were performed. The tested horse

was led into an 8.10 m62.70 m unfamiliar test arena located in a

barn adjacent to the stable (Fig. 2). Two observers were hidden

behind a dark window, and an audience horse was tied up outside

the box, visible to the tested horse. We analyzed the behavioral

parameters selected during these studies, as they appear to be

reliable indicators of horses’ temperament because of their stability

across time and situations. The tests are presented in the order in

which they were conducted.

Novel arena test. The horse was led to a test arena and was

left in it for 5 min. The numbers of neighs and defecations were

recorded. These are considered as indicators of gregariousness and

fearfulness, respectively [20].

Passive human test. To characterize reactivity to humans

[22], an unknown experimenter (always the same person) entered

the arena and remained motionless beside a wall (Fig. 2) for 3 min.

The number of contacts with the human (sniffing or nibbling the

experimenter) was recorded.

Tactile sensitivity test. An experimenter held the horse on a

lunge throughout the test. A second experimenter applied a von

Frey filament to the base of the horse’s withers (von Frey filaments,

Stoelting, IL, USA). These filaments consist of a hard plastic body

connected to a nylon thread. The purpose of this test is to evaluate

response to mechanical stimuli using filaments of varying

strengths. Thus, the filaments are calibrated to exert specific

magnitudes of force on the skin, ranging 0.008–300 g. They were

applied perpendicularly to the animal’s skin until the nylon

filament started to bend. Trembling of the platysma muscle was

recorded, and response was coded in binary form (trembling/not

trembling). The test had two phases: In the first phase, which was

carried out after the passive human test, a 0.008-g filament was

applied to the right side of the horse, followed by the application of

a 300-g filament to the left side. In the second phase, after the

novel area test, a 0.02-g filament was applied to the horse’s right

side, followed by a 1-g filament to the left side. The frequency of

responses to the filaments was recorded [21].

Novel object test. To characterize fearfulness [19], a novel

object (colored plastic pieces attached to a 1-m–long bar) was

placed near the entrance to the arena (Fig. 2) for 3 min. The

number of contacts (sniffing or nibbling the experimenter) with the

object was recorded.

Social isolation test. To characterize gregariousness [20],

the audience horse was led by an experimenter outside to the barn

so that it would become invisible and inaudible to the tested horse

for 1.5 min. The number of neighs was recorded. However, these

data were removed from analysis, because several horses showed

excessively strong signs of distress (escape tendency, etc.) and did

not complete the test.

Novel area test. For this test, which characterizes fearfulness

[19], the oor of the novel arena was divided into three zones of

2.7 m62.7 m (Fig. 2). The 1st–3rd zones were the start,

intermediate, and arrival zones (on the right, middle, and left in

Fig. 2, respectively). The arrival zone contained a bucket of the

pellets with which the horses were familiar. Immediately prior to

Figure 1. Apparatus used for Pavlovian conditioning (left),
instrumental conditioning, and PIT sessions (right).
doi:10.1371/journal.pone.0064853.g001
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the test, the horses underwent a habituation phase during which

they learned to go from the start zone to the arrival zone

containing the bucket. To achieve this, an experimenter led the

horse by halter to the start zone and released it so that it was free

to go to the arrival zone to eat. This was repeated three times.

During the test, a pink carpet (2 m62.7 m) was placed in the

intermediate zone. As in the habituation phase, the experimenter

released the horse in the start zone, and the time until the horse

placed one hoof on the carpet was recorded. If the horse did not

cross the area within 180 s, the test was terminated and a time of

181 s was assigned.

Suddenness test. In this test, which characterizes fearfulness

[19], a black umbrella was suddenly opened in front of the animal

while it was eating. A bucket of pellets was placed near the arena’s

entrance (Fig. 2). After the animal had been eating with its head in

the bucket for 3 s, the experimenter, who was not visible to the

horse, opened the umbrella. We recorded flight distance in meters.

Locomotor activity. In order to measure locomotor activity,

we divided the test pen into six sectors of equal size (Fig. 2). We

recorded the number of sectors crossed by one of the horse’s front

hooves during the novel arena test, the novel object test, and the

passive human test.

Statistical analysis
Data were analyzed with the XLSTAT software (Addinsoft

Software, Paris, France). Because of the small number of subjects

and the nature of the measurements, nonparametric statistics were

used. Friedman, one-tailed Wilcoxon, and McNemar’s tests were

used for within-group comparisons. For acquisition, we analyzed

only the sessions performed by all animals (i.e., the first four).

Because many animals performed additional sessions to reach the

acquisition criterion, the figure also lists the number of responses

during the last acquisition session (the one during which the horses

reached the criterion).

For the analyses involving temperament data, we pooled the

number of responses across the first four acquisition sessions and

then across the three CS presentations in the PIT session. Then,

through median splits of the number of responses, we constituted

groups of ‘‘low performers’’ and ‘‘high performers’’ during

acquisition and ‘‘low responders’’ and ‘‘high responders’’ during

PIT. We compared the temperament data between these groups

with a two-tailed Mann-Whitney test.

The data are shown in box plots that illustrate median, mean,

and interquartile range (IQR). The Variance of Wilcoxon (V(Ws)),

McNemar’s Q, Friedman Q, and Mann-Whitney U values are

presented in the text. The threshold of statistical significance was

set at 0.05.

Results

Pavlovian conditioning
The proportion of horses eating from the feed bucket at each

distribution of pellets was significantly greater in the last session

than the first (last session: 19/19; first session: 11/19; McNemar’s

test: Q= 8; P=0.004). Because the horses spent the majority of

their time eating during the conditioning session, very few

behaviors other than eating were observed.

Instrumental conditioning
The number of correct responses increased significantly across

the first four acquisition sessions (Friedman test: Q= 14.95;

P=0.002, Fig. 3). Horses achieved the acquisition criterion

between the 1st and 6th acquisition sessions (median [IQR]:

3[1.5;4]). Horses exhibited very few errors (touching the non-

pointed cone) during acquisition (sessions 1–4, median [IQR]:

0.5[0;1], 0[0;1], 0[0;1], and 0 [0;0], respectively; Friedman test:

NS).

Pavlovian to instrumental transfer (PIT)
The criterion applied before testing PIT (no more than five

correct responses per session) was achieved in the 5th–15th sessions

of partial reinforcement/extinction (median [IQR]: 8[8;9]).

Within the PIT session, a comparison between the numbers of

correct responses exhibited during the three ITI (no-CS) and three

CS periods showed a significant increase in response frequency

when the CS was present (Wilcoxon test: V(Ws) = 609; P=0.008,

Fig. 4). There were very few errors (touching the non-pointed

cone) during the ITI (median [IQR]: 0[0;1]) or CS (median

[IQR]: 0[0;1]) periods (Wilcoxon test: NS).

The comparisons between consecutive ITI and CS periods

showed that the animals performed more correct responses during

the CS1 period than during the previous and following ITIs

(Wilcoxon test: V(Ws) = 609; P,0.0001, V(Ws) = 588; P=0.02,

Fig. 4); more correct responses were also observed during the CS2

period than during the following ITI (Wilcoxon test: V(Ws) = 605;

P=0.016, Fig. 4). The numbers of correct responses decreased

between CS1 and CS2 (Wilcoxon test: V(Ws) = 196.5; P=0.04)

and between CS2 and CS3 (Wilcoxon test: V(Ws) = 193.6;

P=0.001).

Figure 2. Arena used for the temperament tests.
doi:10.1371/journal.pone.0064853.g002
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Influence of temperament on instrumental learning
performance and PIT magnitude
The high performers in acquisition (animals that performed the

most correct responses during the first four acquisition sessions,

N= 10) neighed significantly less during the novel arena test

(Mann-Whitney test: U= 21.5; P=0.04) and had lower flight

distances during the suddenness test (Mann-Whitney test: U= 14;

P=0.008) than the low performers had (N= 9, Fig. 5). The high

responders during the PIT session (animals that performed the

most correct responses during CS presentation, N= 10) neighed

significantly more during the novel arena test (Mann-Whitney test:

U=22.5; P=0.05), responded more frequently to the von Frey

filaments (Mann-Whitney test: U=23; P=0.05), were less

frequently in contact with the novel object (Mann-Whitney test:

U= 20.5; P=0.04), and had greater flight distances during the

suddenness test (Mann-Whitney test: U= 21.5; P=0.04) than the

low responders (N= 9, Fig. 6).

Discussion

In the present study, using a Pavlovian to instrumental transfer

(PIT) design, we demonstrated that external cues can trigger

specific behaviors in horses. In addition, we found that the

magnitude of PIT was significantly modulated by individual

temperament. These findings have important implications, which

are addressed in detail below.

The first aim of this study was to demonstrate the existence of

PIT in horses. A detailed analysis of the instrumental responses

measured over the three CS presentations during the PIT session

indicates that the first CS was associated with the strongest transfer

effect and quadrupled the number of correct responses compared

with baseline. The results also show that the number of correct

responses temporally decreased throughout the three CS presen-

tations, suggesting extinction of the capacity of the CS to elicit the

instrumental response. Nevertheless, throughout the entire PIT

session, the horses responded significantly more frequently during

the CS than the ITI periods. Therefore, to our knowledge, this

study is the first to show that a Pavlovian CS can restore an

extinguished instrumental response in horses and thus demonstrate

PIT in this species.

The present results also revealed that instrumental responses

can be modulated by specific temperamental dimensions. During

the acquisition phase of instrumental conditioning, the high

performers were those that neighed the least in the novel arena

and had lower-magnitude flight reactions in the suddenness test;

these were indicative of low levels of gregariousness and

fearfulness, respectively [19,20]. Negative influences of fearfulness,

anxiety, shyness/boldness, or emotional reactivity on acquisition

performance have been reported in the literature frequently across

many species (e.g., rats: [9], dogs: [14], horses: [7,12,26]). The

present observation of negative relationships between acquisition

performance on the one hand and the dimensions of fearfulness

Figure 3. Acquisition of instrumental responding in horses. S1–
S4: first 4 acquisition sessions (30 trials per session). The grey bar refers
to the session during which the animals reached the criterion (touching
the cone in#15 s during 14 out of 15 consecutive trials). Depending on
the individual, this session corresponds to the 1st–6th acquisition
sessions.
doi:10.1371/journal.pone.0064853.g003

Figure 4. Pavlovian to instrumental transfer in horses. Left: Number of correct responses (out of 5) during the 3 presentations of the CS (CS1–
CS3, in grey) as compared to the corresponding number during their respective intertrial intervals (ITI1–ITI3, in white). Right: Sum of the correct
responses exhibited during the 3 ITI and 3 CS periods.
doi:10.1371/journal.pone.0064853.g004
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and gregariousness on the other may be explained in terms of

individual differences in stress levels between horses, which in turn

may depend on temperament. Indeed, animals high in gregari-

ousness and fearfulness are more prone to becoming stressed

during the instrumental learning procedure, which represents a

novel situation and involves separation from familiar conspecifics.

The fact that stress is often reported to be detrimental to learning

and memory (for reviews, see [15,16,17,18]) may explain the

negative relationships between these temperamental dimensions

and instrumental acquisition performance.

High responders during the PIT test session were those that

neighed the most during the novel arena test, had greater flight

distances during the suddenness test, touched the novel object less

often, and reacted the most to von Frey filaments. Thus, they were

more gregarious, more fearful, and more sensitive to touch,

according to Lansade et al. [19,20,21]. This relationship between

a specific pattern of temperamental dimensions and PIT efficacy

has never been shown before. Because PIT involves an interaction

between Pavlovian and instrumental processes [1], the effects of

these specific temperamental dimensions on PIT efficacy might be

explained by their possible influences on each of these processes.

First, the influence of these behavioral dimensions on the

magnitude of PIT may be due to their effects on Pavlovian

processes. Dimensions such as gregariousness and fearfulness

might have enhanced the motivational value of the CS during

Pavlovian conditioning. Animals that are more prone to becoming

stressed under social isolation or when facing novelty might have

established a stronger CS-reward association than other horses. In

line with this view, previous studies reported a strengthening

impact of stress on Pavlovian conditioning [17]. Consequently, the

capacity of the CS to trigger an instrumental response would result

in a higher PIT magnitude in these horses. Particularly, previous

studies indicated dendritic hypertrophy in the basolateral complex

of the amygdala or increased reactivity of amygdala neurons that

potentiate emotionality or emotional learning in stressed animals

[27,28]. The present results indicate that high trait fearfulness and

gregariousness enhance Pavlovian conditioning but disrupt instru-

mental learning. These findings (and previous studies that

indicated modulation of stress by memory systems [17]) suggest

that given temperamental profiles might favor or disrupt learning

and memory, depending on the cognitive processes engaged in the

task.

The relationship between reaction to von Frey filaments and

PIT magnitude can be explained along the same line. Indeed, the

response to von Frey filaments reflects a dimension of tempera-

ment called sensory sensitivity [21]. According to Dunn [29],

high–sensory-sensitivity humans notice sensory stimuli quite

readily and perceive more sensory events than others; such people

are easily distracted by movements, sounds, or smells. Horses with

high sensory sensitivity may have noticed the CS more easily,

facilitating the incentivization of this CS. Accordingly, Talmi et al.

[6] described that PIT was larger when participants were aware of

the presence of the Pavlovian CS.

Several studies have reported individual variations among rats

in the propensity to attribute incentive motivational properties to

reward cues. Such variability may partially explain the present

observation of a specific pattern of behavioral dimensions on PIT

performance. These studies showed that when a cue was paired

with a food or cocaine reward, rats bred for high reactivity to

novel environments learned to approach the cue, whereas rats

bred for low reactivity to novelty learned to approach the location

of food delivery. These results indicated that only rats selected for

high reactivity to novelty attributed incentive value to the

rewarded cue [30]. Animals that attribute greater incentive value

to rewarded cues also work harder to obtain rewards [31] and are

more prone to drug-cue–controlled behaviors [32]. Together,

these findings suggest that individual variation in the propensity to

attribute incentive value to reward cues or form Pavlovian CS-

UCS associations may explain the influence of specific behavioral

dimensions, such as novelty seeking or sensitivity seeking, in the

modulation of PIT efficacy.

The second explanation for the influence of this pattern of

temperament on PIT efficacy may be that these dimensions of

temperament affect instrumental processes. Recent research in

humans and rats suggests that stress favors habitual process during

instrumental conditioning. This was demonstrated by Schwabe &

Wolf [33] and Dias-Ferreira et al. [34], who have subjected

individuals to acute or chronic stress before instrumental learning.

When tested in a devaluation experiment, stressed individuals

were less sensitive to change in the value of the outcome compared

Figure 5. Differences in temperament between the ‘‘low performers’’ and ‘‘high performers’’ during acquisition. ‘‘Low performers’’:
individuals who performed the fewest correct responses during the first four acquisition sessions (N= 9). ‘‘High performers’’: individuals who
performed the most correct responses during the first four acquisition sessions (N= 10).
doi:10.1371/journal.pone.0064853.g005
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with non-stressed individuals, suggesting habitual rather than goal-

directed behavior (for a review: [35]). Thus, in the present study,

because of the higher level of stress imposed during instrumental

training, the most fearful and gregarious animals may have

preferentially formed habitual responses. Furthermore, it seems

that PIT is stronger when the behavior is controlled by habitual

(rather than goal-directed) processes. This was demonstrated by

Holland [36], who found that extended training of an instrumental

response known to favor habitual processes enhances susceptibility

to the facilitatory effects of Pavlovian CS during PIT (for a review:

[37]). Following this reasoning, we suspect that the most fearful

and gregarious individuals would be more sensitive to the

facilitating effect of CS during PIT, because they would

preferentially form habitual responses.

Finally, we postulate that individuals with a fearful, gregarious,

and sensitive temperament profile exhibited stronger PIT response

because this profile confers specific constitutive cognitive abilities

to horses independently of the emotion felt during the learning

processes. Indeed, previous studies in rodents showed an impact of

anxiety trait on cognitive performance [38,39]. As hypothesized

for these lines of rodents, good PIT performance in fearful,

gregarious, and sensitive horses could be mainly cognitively

driven. Indeed, this temperament profile could be associated with

enhanced or more-accurate processing of environmental cues.

This cognitive ability would result in both enhanced PIT

performance when a CS is presented during the transfer test

and strengthened emotional responses during temperament tests.

Continuing research may provide a better understanding of the

relationship between temperamental traits and cognitive perfor-

mances.

The demonstration of the existence of a Pavlovian to

Instrumental Transfer in a domesticated animal (i.e., horses) could

Figure 6. Differences in temperament between the ‘‘low responders’’ and ‘‘high responders’’ during Pavlovian to instrumental
transfer. ‘‘Low responders’’: individuals who performed the fewest correct responses during CS presentation (N= 9). ‘‘High responders’’: individuals
who performed the most correct responses during CS presentation (N= 10).
doi:10.1371/journal.pone.0064853.g006
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optimize its use by humans through improvement in training

methods. Especially, PIT could be useful to elicit previously

established behavior when the delivery of reinforcement is

impractical. It could also provide a better understanding of

existing training methods in which PIT is probably involved, such

as clicker training [40]. Moreover, this experiment shows that the

influence of external cues on individual behavior depends on

temperament. The study of the influence of temperament on

sensitivity to external cues could be further developed in several

species and in different contexts involving PIT, such as addiction,

shopping behavior, and animal training, in order to identify

predisposing factors to the presently described effects.

Acknowledgments

The authors are grateful to the director (Laurence Wimel) and staff of the

‘‘Station Expérimentale des Haras Nationaux’’ for allowing the use of the

animals and facilities. We would also like to thank Flore Pasquier and

Elodie Gilmert for their participation in collecting the data. We are

especially grateful to Hélène Roche for her discussion with us before we

initiated this project.

Author Contributions

Conceived and designed the experiments: LL LC. Performed the

experiments: LL GB MV. Analyzed the data: LL GB. Contributed

reagents/materials/analysis tools: LL LC MV. Wrote the paper: LL EC

AM GB LC.

References

1. Holmes NM, Marchand AR, Coutureau E (2010) Pavlovian to instrumental

transfer: A neurobehavioural perspective. Neurosci Biobehav Rev 34: 1277–
1295.

2. O’Brien CP, Childress AR, Ehrman R, Robbins SJ (1998) Conditioning factors

in drug abuse: can they explain compulsion? J Psychopharm 12: 15–22.

3. Tversky A, Kahneman D (1981) The framing of decisions and the psychology of

choice. Science 211: 453–458.

4. De Martino B, Kumaran D, Seymour B, Dolan RJ (2006) Frames, biases, and
rational decision-making in the human brain. Science 313: 684–687.

5. Knutson B, Rick S, Wirnmer GE, Prelec D, Loewenstein G (2007) Neural

predictors of purchases. Neuron 53: 147–156.

6. Talmi D, Seymour B, Dayan P, Dolan RJ (2008) Human pavlovian-instrumental

transfer. J Neurosci 28: 360–368.

7. Lansade L, Simon F (2010) Horses’ learning performances are under the
influence of several temperamental dimensions. Appl Anim Behav Sci 125: 30–

37.

8. Budaev SV, Zhuikov AY (1998) Avoidance Learning and ‘‘Personality’’ in the
Guppy (Poecilia reticulata). J Comp Psychol 112: 92.

9. Herrero AI, Sandi C, Venero C (2006) Individual differences in anxiety trait are

related to spatial learning abilities and hippocampal expression of mineralocor-
ticoid receptors. Neurobiol Learn Mem 86: 150–159.

10. Brinks V, van der Mark M, de Kloet R, Oitzl M (2007) Emotions and cognition

in high and low stress sensitive mouse strains: a combined neuroendocrine and
behavioral study in BALB/c ans C57BL/6J mice. Front Behav Neurosci 1: 1–

12.

11. Mader DR, Price EO (1980) Discrimination learning in horses: Effects of breed,
age and social dominance. J Anim Sci 50: 962–965.

12. Visser EK, van Reenen CG, Schilder MBH, Barneveld A, Blokhuis HJ (2003)

Learning performances in young horses using two different learning tests. Appl
Anim Behav Sci 80: 311–326.

13. Teskey GC, Ossenkopp K-P, Kavaliers M, Innis NK, Boon FH (1998)

Individual Differences in Radial Maze Performance and Locomotor Activity in
the Meadow Vole, Microtus pennsylvanicus. Physiol Behav 65: 555–561.

14. Svartberg K (2002) Shyness-boldness predicts performance in working dogs.

Appl Anim Behav Sci 79: 157–174.

15. Mendl M (1999) Performing under pressure: stress and cognitive function. Appl

Anim Behav Sci 65: 221–244.

16. Joels M, Pu ZW, Wiegert O, Oitzl MS, Krugers HJ (2006) Learning under
stress: How does it work? Trends Cogn Sci 10: 152–158.

17. Sandi C, Pinelo-Nava MT (2007) Stress and Memory: Behavioral Effects and

Neurobiological Mechanisms. Neural Plas 2007: 78970.

18. Schwabe L, Wolf OT (2010) Learning under stress impairs memory formation.

Neurobiol Learn Mem 93: 183–188.

19. Lansade L, Bouissou M-F, Erhard HW (2008) Fearfulness in horses: A
temperament trait stable across time and situations. Appl Anim Behav Sci 115:

182–200.

20. Lansade L, Bouissou M-F, Erhard HW (2008) Reactivity to isolation and
association with conspecifics: A temperament trait stable across time and

situations. Appl Anim Behav Sci 109: 355–373.

21. Lansade L, Pichard G, Leconte M (2008) Sensory sensitivities: Components of a

horse’s temperament dimension. Appl Anim Behav Sci 114: 534–553.

22. Lansade L, Bouissou M-F (2008) Reactivity to humans: A temperament trait of
horses which is stable across time and situations. Appl Anim Behav Sci 114: 492–

508.
23. Goldsmith HH, Buss HH, Plomin R, Rothbart MK, Thomas A, et al. (1987)

What is temperament? Four approaches. Child Dev 58: 505–529.
24. Bates JE (1989) Concepts and measures of temperament. In: Kohnstamm GA,

Bates JE, Rothbart MK, editors. Temperament in childhood. New-York: Wiley.

3–26.
25. Gosling SD (2001) From mice to men: what can we learn about personality from

animal research? Psychol Bull 127: 45–86.
26. Lindberg AC, Kelland A, Nicol CJ (1999) Effects of observational learning on

acquisition of an operant response in horses. Appl Anim Behav Sci 61: 187–199.

27. Rosenkranz JA, Venheim ER, Padival M (2010) Chronic Stress Causes
Amygdala Hyperexcitability in Rodents. Biol Psychiatry 67: 1128–1136.

28. Vyas A, Mitra R, Rao BSS, Chattarji S (2002) Chronic stress induces contrasting
patterns of dendritic remodeling in hippocampal and amygdaloid neurons.

J Neurosci 22: 6810–6818.
29. Dunn W (2001) The sensations of every day life: Empirical, theoretical and

pragmatic considerations. Am J Occup Ther 55: 608–620.

30. Flagel SB, Robinson TE, Clark JJ, Clinton SM, Watson SJ, et al. (2010) An
Animal Model of Genetic Vulnerability to Behavioral Disinhibition and

Responsiveness to Reward-Related Cues: Implications for Addiction. Neuro-
psychopharmacology 35: 388–400.

31. Robinson TE, Flagel SB (2009) Dissociating the Predictive and Incentive

Motivational Properties of Reward-Related Cues Through the Study of
Individual Differences. Biol Psychiatry 65: 869–873.

32. Saunders BT, Robinson TE (2010) A Cocaine Cue Acts as an Incentive Stimulus
in Some but not Others: Implications for Addiction. Biol Psychiatry 67: 730–

736.
33. Schwabe L, Wolf OT (2009) Stress Prompts Habit Behavior in Humans.

J Neurosci 29: 7191–7198.

34. Dias-Ferreira E, Sousa JC, Melo I, Morgado P, Mesquita AR, et al. (2009)
Chronic Stress Causes Frontostriatal Reorganization and Affects Decision-

Making. Science 325: 621–625.
35. Schwabe L, Wolf OT (2011) Stress-induced modulation of instrumental

behavior: From goal-directed to habitual control of action. Behav Brain Res

219: 321–328.
36. Holland PC (2004) Relations between Pavlovian-instrumental transfer and

reinforcer devaluation. J Exp Psychol-Anim Behav Process 30: 104–117.
37. Yin HH, Knowlton BJ (2006) The role of the basal ganglia in habit formation.

Nat Rev Neurosc 7: 464–476.

38. Ohl F, Roedel A, Storch C, Holsboer F, Landgraf R (2002) Cognitive
performance in rats differing in their inborn anxiety. Behav Neurosci 116: 464–

471.
39. Ohl F, Roedel A, Binder E, Holsboer F (2003) Impact of high and low anxiety

on cognitive performance in a modified hole board test in C57BL/6 and DBA/2
mice. Eur J Neurosci 17: 128–136.

40. Kurland A (2003) The click that teaches – A step-by-step guide in pictures.

Temperament Modulates Cue-Controlled Behavior

PLOS ONE | www.plosone.org 8 June 2013 | Volume 8 | Issue 6 | e64853


