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Abstract In an ever-changing environment, the ability to

adapt choices to new conditions is essential for daily living

and ultimately, for survival. Behavioural flexibility allows

animals to maximise survival and reproduction in novel

settings by adjusting their behaviour based on specific

information and feedback acquired in their current envi-

ronments. However, a growing body of evidence indicates

that an individual’s personality type can limit the extent to

which the individual might behave flexibly, by influencing

the way an individual pays attention to novelty and how

much information it collects and stores, which in turn affects

the individual’s decision-making and learning process. In

this study, the behavioural flexibility of a generalist predator,

the Chimango Caracara, Milvago chimango, was analysed

using the reversal learning paradigm, focusing on the com-

parison between age classes, and the relation of learning

flexibility with a personality trait, the level of neophobia.

Due to the low number of male individuals captured, this

study was carried out only with female birds. The results

showed that age had no significant effect either on the

acquisition of a stimulus-reward association, or on the

capacity of reversing this previously learned association.

Reversal of the response was a harder task for these birds in

comparison with the initial acquisition process. The indi-

vidual’s performances in the learning tasks seemed to be

uncorrelated with each other, suggesting that they involve

different neural mechanisms. Contrary to the general pattern

observed in themajority of previous work on personality and

cognition in non-human animals, the level of neophobia did

not correlate with the initial associative learning perfor-

mance in both adults and juveniles, yet it showed a signifi-

cant negative relationship with reversal learning ability,

mainly in the regressive phase of this task, for the two age

classes. Our results suggest that the predatory and generalist

lifestyle of female individuals ofM. chimango alongwith the

selective pressures of the environment of the individuals

studied might play a critical role in the degree and direction

of the linkage between novelty response and learning flexi-

bility observed in this study.

Keywords Learning � Neophobia � Behavioral flexibility �
Chimango Caracara

Introduction

In an ever-changing environment, the ability to adapt new

choices or behavioural responses to new conditions is essen-

tial for daily living and ultimately, for survival. The capacity

to respond appropriately will depend on the detection of cues

that indicate these changes, the cognitive processes involved,

and the flexibility required for making the proper response in

each situation (Nussey et al. 2007). Learning is a form of

plasticity, describedas the capacity tomodifybehaviour based

on experience, and involves forming internal representations

of new information obtained from the current external and

internal environments (Shettleworth 2010). Behavioural
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flexibility allows animals to exploit new environmental fea-

tures that are unique to certain times and places more effi-

ciently, to rapidly respond to a large variety of characteristics,

and to increase their behavioural repertoire (Brown 2012;

Dukas 2013). Therefore, through this process, animals can

explore ways to maximise survival and reproduction in novel

settings (Dukas 2013).

The experimental approach that has been used most fre-

quently to study the process underlying behavioural flexi-

bility is the reversal learning paradigm (Capaldi and

Stevenson 1957; Menzel 1969; Pubols 1956; Sutherland and

Mackintosh 1971). Briefly, this paradigm is an operant

procedure that involves training an animal on a particular

discrimination task and then, when a criterion level of

accuracy has been reached, abruptly reversing the stimulus–

reward contingency. To continue to be rewarded, the animal

must inhibit or suppress the acquired response habit from the

initial acquisition phase, while learning a new, competing,

response to the previously unreinforced alternative (Dias

et al. 1997). Thus, at the beginning of reversal learning, it is

generally considered that the initial response habit remains

dominant, at least temporarily, because of the initial training

history. The inability to suppress this initial response habit is

characterised by an increase in the perseveration response

(i.e. perseverative errors), whereas the inability to learn the

new, competing, response habit is characterised by an

increase in regressive errors. These regressive or ‘‘non-per-

severative’’ errors are seen later in the reversal session after

the initial perseveration state has ceased (Palencia and

Ragozzino 2004). In this sense, it has been suggested that the

ability to inhibit previously successful responses (i.e. low

perseveration) is one factor that could potentially enhance

flexibility under changing environments (Day et al. 1999;

Bond et al. 2007; Liedtke and Schneider 2014).

In the last few years, there has been an increase in studies

in non-human animals, analysing the influence of personality

traits on attention, learning, and memory regarding envi-

ronmental features, especially regarding with respect to

changes in the value-signalling cues that reveal relevant

ecological and social information (i.e. Carere and Locurto

2011; Sih and Del Giudice 2012; Griffin et al. 2015). Per-

sonality refers to stable long-term behavioural, emotional,

and physiological differences between individuals of the

same species or population in suites of correlated traits

(Groothuis and Carere 2005; Réale et al. 2010). Animal

personality has been most commonly characterised along

five behavioural axes: shyness–boldness, fast–slow during

exploration, neophilia–neophobia, activity, aggressiveness,

and sociability (Réale et al. 2007). These different but cor-

related behaviours evolve as an integrated pattern that can

generate trade-offs and boundaries to otherwise unlimited

behavioural flexibility (Sih et al. 2004). In this regard, Sih

and Del Giudice (2012) postulated that individual differences

in personality could be related to differences in cognitive

styles, that is, the individual’s specific strategy for acquiring,

processing, storing, and acting on information, independently

of its cognitive ability per se (Gruszka et al. 2009). This

hypothesis was based on the connection between the fast–

slow behavioural continuum and the cognitive speed–accu-

racy trade-off (Chittka et al. 2009). According to this, for

example, fast-explorers individuals would acquire a specific

stimulus–reward association quicker than slow-explorers

which, on the other side, are quicker than the former to react

adequately if this clue–reward association changes. It has

been proposed that this pattern arises as the result of a higher

environmental sensitivity (i.e. attention to environmental

cues) shown by shy and slow-explorers compared to bold and

fast-explorers individuals (Benus et al. 1987; Groothuis and

Carere 2005). Also, from the perspective of associative

learning mechanisms, Pavlov (1906) was the first to propose

that personality types differ in their ability to form excitatory

and inhibitory connections. In agreement, Verbeek and col-

laborators (1994) argued that fast-explorers great tits were

quicker to acquirer a foraging habit (i.e. quicker to form

excitatory connections), but slower at changing it (i.e. low

inhibitory control), whereas the opposite was observed in

slow-explorers individuals.

The primary source of evidence supporting these previ-

ous predictions about the link between cognition and fast-

slow behavioural types comes from studies using explora-

tory speed as a target personality trait to relate to learning

flexibility (i.e. Benus et al. 1987, 1990; Verbeek et al. 1994;

Bolhuis et al. 2004; Range et al. 2006; Guillette et al.

2009, 2011). Shyness and neophobia are strongly associated

with the slow–fast exploratory styles (shy and neophobic

individuals being usually on the slow part of this contin-

uum). Also, exploratory style is known to strongly affect

individual responses to cognitive challenges (Sih and Del

Giudice 2012; Sol et al. 2013). However, despite the con-

sistency observed in the results from these studies, there are

cases in which such correlations were found not to be sig-

nificant or even took the opposite direction. For example,

Titulaer and collaborators (2012) concluded that, though

slow-explorers females of great tits outperformed fast-ex-

plorers females in reversal learning tasks, fast-exploring

males showed more flexible learning than slow-exploring

males. Tebbich and collaborators (2012) observed a nega-

tive relationship between neophobia and reversal learning

speed in woodpecker finches, though there was a lack of

correlation between these variables in a closely related and

sympatric species, the small tree finch. The inconsistency

between these results is a reflexion of the complex link

between cognition and personality, which probably depends

on several factors like age, sex, experience, and lifestyles,

as well as the ecological and social context in which an

individual is immersed (Thomson et al. 2012; Sih et al.
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2015). Thus, much still needs to be explored and investi-

gated more deeply about personality-dependent learning

and cognitive styles in animals.

In the present study, we investigated the behavioural flex-

ibility of a generalist predator, the Chimango Caracara, Mil-

vago chimango (Falconiformes) (Biondi et al. 2005), using the

reversal learning paradigm. In particular, we focused on the

relationship between neophobia level and performance during

the acquisition of a cue–reward association and also, during

the reversal learning phase, taking into account the individ-

ual’s age class. Based on the previously mentioned link

between personality and cognition, and taking into account

that in M. chimango neophobia correlates negatively with

exploration speed (Biondi et al. 2010), we predict that there

would be a negative relationship between neophobia and the

speed to acquire an initial stimulus–reward association and a

positive relationship between neophobia and learning flexi-

bility in M. chimango. Moreover, if more neophobic birds

have a higher environmental sensitivity (i.e. aremore attentive

to changes in their surroundings) than less neophobic ones, we

expect that neophobia level will mainly correlate with the

quantity of regressive errors performed during reversal.

Alternatively, if more neophobic individuals are quicker to

suppress or inhibit their response habit on the basis of negative

feedback after the stimulus–reward contingency has changed,

we predict a negative correlation mainly between this per-

sonality trait and the number of perseverative errors made

during reversal. Also, we expect to find a higher performance

in juveniles than adults individuals of M. chimango during

both the acquisition and reversal tasks, since this difference

has been noted especially in the reversal phase (Bond et al.

2007). This prediction is based on previous studies in mam-

mals regarding the higher learningflexibility found inyounger

individuals compared to adults, mainly due to the greater

preservation response of the latter (i.e. Moore et al.

2003, 2005, 2006; Bontè et al. 2011).

Methods

Subjects and housing

Eleven adult and ten juveniles (less than 2 years old) indi-

viduals of M. chimango were captured with baited walk-in

traps (Bloom 1987) in a suburban area around Mar del Plata

city, Argentina (7950 ha, and half a million inhabitants)

between June and August (non-breeding period). We used

plumage colour (mainly tail feathers), tarsus colour and

moult stage to determine age (White et al. 1994; Ferguson-

Lees and Christie 2001, Sarasola et al. 2011). Birds were

identified with leg bands and weighed, and a blood sample

was taken from the brachial vein to perform molecular

sexing (Fridolfsson and Ellegren 1999). Immediately after

capture, birds were housed in individual outdoor aviaries

(1.5 9 1.5 9 1.2 m) following housing and care conditions

described by Bloom (1987) and Aprile and Bertonatti

(1996). Aviaries were visually isolated from one another by

black synthetic fabric, ensuring that individuals performed

on their own, without social motivation (Biondi et al.

2008, 2010, 2015). Birds were given at least a 5-day period

to become habituated to captivity, during which they were

fed once a day from a dish containing beef meat, and water

was provided ad libitum (Biondi et al. 2008). Birds were

considered to have habituated to captivity when they were

comfortable enough to feed shortly after food presentation

(Biondi et al. 2008). During all tests, the subjects were

video-recorded for later analysis of behavioural variables

with a Sony Sx-85 camcorder placed at 20 m from the

aviaries. All individuals were identified with a plastic ring

in their tarsus and then released at their capture sites at the

end of the experimental tests. In this way, we prevented the

use of the same individuals in subsequent experimental

settings. The capture of raptors adhered to guidelines for the

use of animals in research and to the legal requirements of

Argentina: Disposition N�45, Exp. N 22500-24126/13,

Dirección Contralor y Uso de Recursos Naturales y pes-

queros, Ministerio de Asuntos Agrarios de la Provincia de

Buenos Aires. The birds were cared for in accordance with

the Guidelines for the Use of Animals in Behavioural

Research and Teaching (ASAB/ABS 2003).

Experimental protocol

Apparatus

Two boxes of equal dimensions but of different colour

were used to evaluate the acquisition and reversal capacity

ofM. chimango individuals. These boxes had two swinging

doors that could be opened by pushing inwards (Fig. 1).

The boxes were built from an opaque plastic material (one

green and one yellow, 10.5 9 13.5 9 15 cm each)

attached to wooden bases of 15 9 1 9 19 cm. This woo-

den base helped to hide the interior remote door locking

mechanism (a modification of a car locking system) used as

punishment after an incorrect choice was made (see

experimental procedure). The boxes were placed at the

front of the aviary facing the perches. The apparatus doors

were located on the side that faced the individuals and the

opposite side of the box was oriented to the aviary side

with easy human access (Fig. 1). On that side, the boxes

had a 3-cm groove by which food could be introduced

during each trial, without being detected by the individuals

being tested. To ensure that the individuals were not

influenced by the researcher’s hand during the food

placement, the same movements were performed around

the rewarded and the unrewarded boxes.
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Training

All individuals were exposed to a training phase during

which they had to habituate to the experimental apparatus

and to the continual approaching of the researcher during

the baiting of the boxes. Simultaneously, they were shaped

to extract food from the boxes by opening their doors. To

accomplish this, the birds were exposed to the boxes baited

with 1 g of meat each, during one daily session of five

consecutive trials separated by 1-min inter-trials. After the

birds consumed the first pieces of food and the 1-min inter-

trial period was finished, the researcher approached to the

aviary to bait the boxes once again. The right–left location

of each box was randomly altered in each trial to avoid

colour–side associations. This procedure was repeated

during all subsequent trials. All birds were given a maxi-

mum of ten sessions to habituate to the apparatus and to

learn to retrieve the food from it, by opening the doors in

each trial. Once a bird could open the two boxes and

extract the food from it in all consecutive trials, they were

ready to proceed to the first task.

Acquisition task

Birds were trained to discriminate between two colours

(yellow and green), with only one of them associated with

a reward. The green and yellow boxes were placed

alongside each other at the front of the aviary, separated by

50 cm (Fig. 1), with the doors closed and only one of them

containing a food reward inside (2 g of red meat). The

birds were randomly assigned to have reward associated

with a yellow or a green box, ensuring that there was the

same proportion of adults and juveniles in each group. To

avoid association between reward and location (right or

left), the boxes were changed randomly from one to the

other between trials (as in habituation), trying not to pre-

sent the box on the same side of the aviary more than three

trials in a row. Individuals were given a maximum of ten

sessions of nine trials each, to reach a learning criterion of

five consecutive correct trials (i.e. to first open the rewar-

ded box). On each trial, individuals were given a 4-min

period to approach the boxes and to open one of them. If

this did not occur within this period, the trial was consid-

ered null, and an additional trial was added to the session.

If the individual made a correct choice, the next trial began

40 s later. On the other hand, if an error was made, the

doors of the rewarded box were remotely locked, and the

individual had to wait a 2-min period until the next trial.

On the next day after the learning criterion was reached,

one additional acquisition trial was given to each individual

to control memory differences and to make sure birds had

learned the task. If a mistake was made in these additional

trials, the corresponding individual stayed in the acquisi-

tion phase until the learning criterion was achieved again.

Reversal task

The reversal phase test started immediately after the suc-

cessful completion of the additional acquisition trial. In this

case, the colour–reward contingency was reversed, that is,

using the same coloured boxes but placing the reward in

the opposite coloured box than in the acquisition trial. The

Fig. 1 Experimental set-up

a relative location of the boxes

in the aviary; b frontal vie of the

box showing the two inward

swinging doors
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test was conducted in the same way as the colour dis-

crimination test, that is, individuals were given nine trials

per session separated by 40-s or 4-min inter-trial periods

depending on the outcome of the previous trial (success or

error, respectively), with a maximum of ten sessions for

each bird. The variables measured in both acquisition and

reversal tasks were the total number of sessions and trials

needed to reach the learning criterion, as well as the

number of errors made by each individual. Additionally,

response perseveration during the reversal phase was also

analysed. Perseveration involved continuing to choose the

colour that was designated positive in the acquisition phase

and was operationally defined as opening the incorrect box

for three or more trials in consecutive blocks of four trials

each (Ragozzino et al. 1999, 2002; Kim and Ragozzino

2005). Once a bird had made fewer than three errors in a

block for the first time, all subsequent errors were counted

as regressive errors. In this way, we were able to measure

the ability to learn and maintain a new choice after initially

shifting away from the previously correct choice.

Object neophobia test

Twenty-four hours after the last reversal learning trial, a

standard experimental design to assess reaction to novelty

(Greenberg 1983) was presented to each bird. This task was

performed using the same object and experimental protocol

published in Biondi and collaborators (2010). Briefly, each

test subject was presented with a dish containing pieces of

meat (40 g in total). After the bird approached and con-

sumed the first piece of meat (approximately 5 g), a

researcher interrupted the feeding, approached the bird, and

placed a novel object next to the remaining food. Each

individual was then given 900 s to return to the dish. If a

bird did not eat within this time, we recorded a 900-s

maximum latency. The difference between the latency to

consume in the presence of the novel object and the con-

sumption latency in its absence was used as a measure of

neophobia level.

Data analysis

Sex was not considered as explanatory variable in the

analyses due to the low number of males captured in this

study (two adults and one juvenile). These individuals were

removed from the sample, and consequently, only females

were investigated in this study.

The number of trials that elapsed until the learning

criterion was reached and the number of errors made, were

compared between age classes and tasks using generalised

linear mixed models (GLMM), with Poisson error distri-

bution family and log as link function (Pinheiro and Bates

2000). The same model was used to compare the number of

perseverative and regressive errors made during the

reversal phase trials between adults and juveniles. The

latency to approach the first box of choice during the first

trial during acquisition and reversal tasks was extracted

from the videos and compared with LMM between age and

tasks, including individual identity as random factor. The

database modelling was adjusted by using NLME- and

LME4-specific packages from R statistic software, version

3.0.3 (R Development Core Team 2014). One-way

ANOVA was used to compare between age classes the

level of object neophobia and latency to approach the

boxes during the first habituation trial. This last value was

considered as an additional measurement of neophobia (i.e.

initial response to the boxes). All latency variables, as well

as the level of object neophobia, were normalised by taking

logarithm (to base 10). Finally, the neophobia level was

correlated with the number of trials needed to reach the

learning criterion, as well as with the number of errors

made by each individual before learning, in both acquisi-

tion and reversal tasks. Furthermore, neophobia was cor-

related with the quantity of perseverative and regressive

errors committed during reversal phase. For this, all vari-

ables were log-transformed (in base 10) and Pearson’s

product moment correlation was performed (Zar 1999).

Results

Age and learning performance

The latency to approach to the first box of choice during the

first acquisition trial (11.56 ± 2.74 s) was not significantly

different to that observed during the first reversal trial

(9.94 ± 2.48 s) (GLMM: t = -0.81, P = 0.415). The

contrast analysis between tasks within each age class

yielded no significant differences (GLMM, juveniles:

t = -0.30, P = 0.765; adults: t = -0.81, P = 0.411). All

birds reached the learning criterion of five consecutive

correct choices (i.e. to first open the rewarded box) during

both the acquisition and reversal tasks. During the acqui-

sition task, they needed, on average, 13.47 ± 1.47 trials

and made 4.05 ± 0.82 errors before meeting this criterion.

In reversal task, individuals needed on average

27.83 ± 2.66 trials and made 14.06 ± 1.75 errors before

reaching the learning criterion. These variables (trials to

criterion and errors made) did not differ between adults and

juveniles in either of the two tasks (Fig. 2a, b, Table 1).

However, it was apparent that the birds made more mis-

takes and needed a higher quantity of trials to meet the

learning criterion during reversal than in the acquisition of

the initial colour–reward association. This pattern occurred

when considering all the individuals together as well as

when adult and juvenile raptors were considered separately
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(Fig. 2a, b, Table 1). Moreover, the number of trials nee-

ded until reach the learning criterion during acquisition was

not correlated with this same variable during reversal phase

(Pearson’s correlation: r = 0.1, N = 18, P = 0.618); the

same tendency was observed regarding the quantity of

errors made during acquisition and reversal tasks (Pear-

son’s correlation: r = 0.3, N = 18, P = 0.185). The

analysis of the error types during the reversal phase showed

that there were no significant differences between age

classes (GLM, z = -0.8, P = 0.403) either in persevera-

tive (adult: 10.2 ± 2.8; juv: 9.0 ± 1.6) or in regressive

errors (adult: 4.1 ± 1.1; juv: 3.9 ± 0.8), though the former

outnumbered the latter in both adult and juvenile individ-

uals (GLM: z = -4.9, P\ 0.001).

Neophobia and learning performance

The level of neophobia towards the novel object was higher

in adults (369.3 ± 116.5 s) than in juveniles

(64.2 ± 23.3 s), this difference being statistically signifi-

cant (F = 4.7, df = 16, P\ 0.05). A similar pattern was

observed regarding the latency to feed from the boxes for

the first time (habituation period), with juveniles

approaching and feeding faster (44.8 ± 17.9 s) compared

to adults (122.9 ± 33.1 s) (F = 4.6, df = 16, P\ 0.05).

Because of the dissimilarities between ages in both neo-

phobia measurements, the analysis of the relationship

between learning performance and neophobia was carried

out separately for adults and juveniles, despite the lack of

age differences in both learning tasks. There was a sig-

nificant correlation between the object neophobia level and

the latency to approach the experimental apparatus for the

first time, during the training phase (Fig. 3, Pearson’s

correlation: adults, r = 0.86, N = 9, P = 0.003; juveniles,

r = 0.92, N = 9, P\ 0.0001). Thus, both adult and juve-

nile individuals who took longer to approach and explore

the boxes for the first time expressed a higher level of

neophobia when they had to feed close to a novel object.

Due to this tight relationship, only the scores of neophobia

towards the boxes were used in the correlational analysis

Fig. 2 Mean ± SE values of the number of trials (a) and errors (b),
made by M. chimango individuals on discrimination (Dis) and

reversal (Rev) tasks. Values are given for adults (Ad) and juveniles

(Juv) separately. Asterisk indicates significant differences in the

response variable values between tasks, within each age class (see

Table 1)

Table 1 Results from the

generalised linear mixed models

analysing the effect of age

(Adult: adult, Juv: juvenile) and

task (Disc: discrimination, Rev:

reversal) on the response

variables—number of trials

(a) and number of errors

(b) made by individuals of M.

chimango before reaching the

learning criteria

Level Contrast Value SE DF t value p value

Number of trials before reaching the learning criterion

General Rev versus Disc 0.54 0.20 15 2.71 0.016

Adults Rev versus Disc 0.54 0.20 16 2.71 0.015

Juveniles Rev versus Disc 0.71 0.21 16 3.46 0.003

Acquisition Juv versus Ad -0.11 0.25 15 -0.43 0.675

Reversal Juv versus Ad -0.06 0.20 15 -0.30 0.768

Number of errors made before reaching the learning criterion

General Rev versus Disc 9.56 2.49 15 3.83 0.002

Adults Rev versus Disc 9.56 2.49 16 3.83 0.002

Juveniles Rev versus Disc 9.33 2.49 16 3.74 0.002

Acquisition Juv versus Ad -0.11 2.94 15 -0.04 0.970

Reversal Juv versus Ad -0.33 2.94 15 -0.11 0.911

Bold numbers represent statistically significant contrasts. The rows named ‘‘General’’ correspond to the

comparison of both responses variables considering the whole set of birds
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with learning performance. The level of neophobia was not

related to the initial acquisition of the colour–reward

association, which was reflected by the low value of cor-

relation coefficient between the numbers of trials needed to

reach the criterion during the acquisition task and the

latency to feed from the boxes for the first time (Pearson’s

correlation: adults, r = 0.36, N = 9, P = 0.101; juveniles,

r = 0.46, N = 9, P = 0.211). The same occurred with the

errors made during acquisition (Pearson’s correlation:

adults, r = 0.41, N = 9, P = 0.207; juveniles, r = 0.38,

N = 9, P = 0.302). Nevertheless, in both adults and

juveniles neophobia level was positively correlated with

the number of trials needed to meet the learning criterion

during the reversal task (Fig. 4; Pearson’s correlation:

adults, r = 0.82, N = 9, P = 0.007; juveniles, r = 0.78,

N = 9, P = 0.013). A similar pattern was observed

regarding errors made before reaching the criterion, for

which there was a positive correlation between this vari-

able and neophobia level in juveniles (Fig. 5; Pearson’s

correlation: r = 0.71, N = 9, P = 0.034), though only a

marginally significant positive correlation in adults

(r = 0.54, N = 9, P = 0.085).

Moreover, the separate analysis of error types showed

that only regressive errors correlated positively with neo-

phobia level (Fig. 6; Pearson’s correlation: adults,

r = 0.75, N = 9, P = 0.019; juveniles, r = 0.86, N = 9,

P = 0.003). In the case of perseverative errors, this cor-

relation was non-significant (Pearson’s correlation: adults,

r = 0.09, N = 9, P = 0.810; juveniles, r = 0.39,

P = 0.281).

Discussion

In this study, the behavioural flexibility of female indi-

vidual of the bird of prey, M. chimango, was analysed,

focusing on the relationship between a personality trait, the

neophobia level, and the performance during a reversal

learning task, also taking in account the individuals’ age

class. The results showed that age did not have a significant

effect either on the acquisition of a stimulus-reward asso-

ciation or on the capacity to reverse this previously learnt

association. As indicated by the higher number of trials

required and errors committed, the reversal of a previously

Fig. 3 Correlation between the neophobia level in M. chimango

individuals and the approach latency during the first presentation of

the box during habituation period, in both adults and juveniles birds

Fig. 4 Correlation between neophobia level (as latency to approach

to the box during habituation) and the number of trials needed until

the reversal task was learnt, in both adult and juvenile birds
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learnt colour–reward association, once the contingency

changed, seems to be a harder task for these birds in

comparison with the initial acquisition. The individuals’

performances in these two learning tasks were not corre-

lated, probably reflecting distinct underlying neural

mechanisms. The main finding of this study was that, while

the level of neophobia in adults and juveniles was not

related to the birds’ initial associative learning perfor-

mance, it had a significant negative relationship with the

reversal learning performance, particularly with the num-

ber of regressive errors committed before learning for the

two age classes. This result contradicts previous findings

about personality and behavioural flexibility, in which the

fast exploratory and bold individuals (i.e. less neophobic)

were less sensitive to changes in their surroundings and/or

less willing to inhibit previously learned cue–reward

associations (i.e. more prone to form routines) (Griffin

et al. 2015).

As has been observed in several studies (e.g. Pagani

et al. 2005; Chadman et al. 2006; Bond et al. 2007),

reversal was a harder task than the initial acquisition of the

novel cue–reward association for most of the birds. Indeed,

only one adult and two juveniles were faster during

reversal than in acquisition, and one juvenile showed

similar performance (i.e. number of trials until success) in

both tasks. A deeper analysis of the process occurring

during the reversal phase revealed that in females of M.

chimango perseveration is predominant and significantly

longer in duration than the learning phase of reversal

(LaClair and Lacreuse 2016). In other words, the perse-

verative response observed in the present study seems due

to an incapacity to stop a previously acquired response,

rather than to an inability to produce a new alternative

behaviour. Moreover, the fact that there was no significant

relationship in the number of trials and errors to reach the

learning criterion between initial acquisition and reversal

tasks, suggests that in females of M. chimango the two

learning processes, which are well known to be under-

pinned by different neural centres (Watanabe 2006) and

modulated by independent cognitive mechanisms, cannot

be taken as a part of a ‘‘general’’ learning capacity (e.g.

Matzel et al. 2003).

Fig. 5 Correlation between neophobia level (as latency to approach

to the box during habituation) and the number of errors made by

individuals before reaching the learning criterion during reversal task,

in adult and juvenile raptors

Fig. 6 Correlation between neophobia level (as latency to approach

to the box during habituation) and the number of regressive errors

made by adult and juvenile individuals of M. chimango during

reversal task
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An enhanced learning ability has both advantages and

costs associated with it (Dukas 1999, 2009; Brown 2012).

One of the costs of shaping behaviour through learning can

be the effects of being naı̈ve (Brown 2012). Even innate

behavioural responses may incur a cost because it is unli-

kely that the present environmental conditions are exactly

the same as those during which the innate behaviour was

shaped. Young individuals are a special case because they

are born with no, or incomplete, knowledge about their

surrounding environment, so they need a relatively fast and

flexible learning capacity in their earlier and more sensitive

life stages to enhance their survival chances. In fact, there

is evidence that, at least in mammals, younger animals are

remarkably faster in reversing a reward contingency than

older individuals (Johnson and Wilbrecht 2011; Mongillo

et al. 2013). However, in the present study, adult and

juvenile birds had similar performances in the initial

acquisition of a colour–reward association and also during

the reversal learning task. It is important to note that the

lack of differences in the learning performance could be

due to the age of the juveniles that participated in the study.

It is possible that an age difference in reversal ability might

be found in much younger birds (i.e. under 1 year old).

Indeed, several studies in primates have pointed out a

nonlinear relationship between age classes and learning

flexibility, being the oldest and youngest individuals more

perseverative and less flexible than young adults (e.g.

Weed et al. 2008, Manrique and Call 2015). Further

research about ontogenetic changes in learning could be of

great value for understanding the role of cognition in

coping with the ecological and social demands experienced

during each life stage of M. chimango.

Several studies exploring the link between behavioural

syndromes and cognitive styles have shown that individuals

that are fast proactive explorers behave less flexibly in

response to changes than slow reactive explorers (i.e. Ver-

beek et al. 1994; Guillette et al. 2011). The reason for this is

that fast individuals are less sensitive to modifications in

their surroundings and also exhibit a higher proclivity for

forming behavioural routines (resulting in less capacity for

inhibiting previously learned associations) than slow

explorers. Based on this, and considering that neophobia

level is generally taken as part of fast–slow behavioural

syndrome with a negative relationship with exploratory

speed (Sih et al. 2004), we predicted that in females of M.

chimango there would be a positive relationship between

the neophobia level and the reversal learning performance.

Results from the present study, however, provided a dif-

ferent perspective: we found a negative correlation between

neophobia level and learning flexibility. Moreover, taking a

closer look at the type of errors made by individuals during

the reversal phase, we found that neophobia correlates

positively with the number of regressive errors but not with

the perseverative errors. Consequently, neophobia was not

associated with the capacity to inhibit a previously learned

response, but with the ability ofM. chimango to learn that a

previously non-rewarded stimulus is later rewarded. This

could suggest that in this raptor species there is positive

feedback between risk-sensitivity-related behaviours and

responsiveness to changes in the value of the environmental

clues that indicate food (Sih et al. 2015). Individuals of M.

chimango inhabiting urban settings frequently make use of

anthropogenic resources, like garbage, whose spatial and

temporal predictability is subject to human activity (Brown

2012). Thus, not only would be advantageous to show a

decreased neophobia, but also to be able to react rapidly to

changes in the resources location and availability. Further

studies including other potential personality traits—such as

aggressiveness, exploration, or sociability—are needed to

reach a full understanding of the nature of the linkage

between personality and learning flexibility in M.

chimango.

Current evidence about the relationship between cog-

nitive styles and personality is still inconclusive. Other

studies have also found a similar relationship between

novelty responses and behavioural flexibility (e.g. Frost

et al. 2007; Thomson et al. 2012). However, there is a

general consensus within behavioural ecologists regarding

neophobia as a crucial factor underlying behavioural flex-

ibility in animals (e.g. Reader 2003; Greenberg 2003;

Mettke-Hofmann 2014). Neophobia helps protect animals

from unknown dangers, but it can also constrain the access

and exploitation of novel resources, which is of vital

importance especially for species with generalist lifestyles,

like M. chimango, and for those colonising or dispersing

into new areas (Greggor et al. 2015; Mettke-Hofmann

2014). Broadly speaking, generalist animals are known to

have particularly appropriate cognitive abilities for

responding more flexibly to environmental changes and the

appearance of novel feeding opportunities (Reader and

Laland 2002; Ratcliffe et al. 2006). For instance, it has

been argued that generalists need a proficient cognitive

machinery for processing and filtering a wide spectrum of

environmental information (Reader and MacDonald 2003).

This will depend not only on the complexity of the habitat

they inhabit, but also on the inherent complexity of the

generalist feeding strategy (see Mettke-Hofmann 2014).

Hence, these cognitive requirements associated with the

generalist lifestyle of M. chimango, along with the rela-

tively low predation risk that a predatory bird experiences

in urbanized habitats (Møller 2009; Sol et al. 2013;

Rebolo-Ifrán et al. 2015), may represent key intervening

factors in the observed linkage between neophobia level

and learning flexibility.

In this sense, a growing body of evidence supports the

idea that the degree in which different behavioural
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characteristics are correlated depends in part on the mag-

nitude of the environment’s selective pressures (Coleman

and Wilson 1998; Bell 2005; Bell and Sih 2007; Dinge-

manse et al. 2007). Thus, the existence of individual

variation in personality traits that correlate with one

another may have an adaptive function in nature, allowing

the species to cope with fluctuations in their ecological and

social settings (Koolhaas et al. 2010). This can also be

translated into the relationship between cognition and

personality traits, in the sense that the way these charac-

teristics relate between each other might be determined by

species ecological and lifestyle-specific trade-offs, which

may vary across different environments (Bell and Sih

2007; Koolhaas et al. 2010; Sih et al. 2015). Consequently,

it should be of paramount importance, not only to analyse

other personality traits and its relationship with different

measures of behavioural flexibility in M. chimango, but

also to study populations of this species currently experi-

menting distinct selection pressures in their habitats—i.e.

comparing individuals across a rural–urban gradient—to

gather more evidence of the consistency (or variation) in

the linkage between learning ability and the novelty

responses observed in this study.
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