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There is an increased focus in biology on consistent behavioural variation. Several terms are 

used to describe this variation, including animal personality and coping style. Both terms 

describe among-individual consistency in behavioural variation, however they differ in the 

behavioural assays typically used, the expected distribution of response variables, and whether 

they incorporate variation in behavioural flexibility. Despite these differences, the terms are 

often used interchangeably. We conducted experiments using juvenile and adult red junglefowl 

(Gallus gallus) as subjects to explore the degree to which animal personality and coping styles 

overlap. We demonstrate that animal personality and coping styles can be described in this 

species, and that shyer individuals had more flexible responses, as expected for coping styles. 

Behavioural responses from both personality and coping style assays had continuous 

distributions, and were not clearly separated into two types. Behavioural traits were not 

correlated and, hence, there was no evidence of a behavioural syndrome. Further, behavioural 

responses obtained in personality assays did not correlate with those from coping style tests. 

Animal personality and coping styles are therefore not synonymous in the red junglefowl. We 

suggest that the terms animal personality and coping style are not equivalent and should not be 

used interchangeably.  
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Several terms are used to describe consistent among-individual variation in animal behaviour, 

such as ‘animal personality’ (Dall, Houston & McNamara, 2004; Sih, Bell, Johnson & Ziemba, 

2004a), ‘coping style’ (Koolhaas, et al., 1999), and ‘temperament’ (Boissy, 1995; Clarke & 

Boinski, 1995; Réale, Reader, Sol, McDougall & Dingemanse, 2007). Common features of 

animal personality and coping styles are that behavioural responses are expected to show 

consistent variation among and within individuals, and that this variation can be biologically 

meaningful. However, despite these similarities, there are fundamental differences in how 

behavioural variation and consistency are investigated, including the behaviours recorded, their 

distribution and the assays used to measure variation in behaviour.  

 

Defining animal personality and coping styles  

Animal personality is commonly defined as among-individual differences in behaviour that are 

consistent over time and/or across context (Dall, et al., 2004; Sih, et al., 2004a, Table 1). Wild 

and captive animals of both sexes have been studied in stressful and not stressful situations, and 

variation in activity, aggression, boldness, exploration, and sociability are described for 

multiple taxa (Gosling, 2001; Réale, et al., 2007; Carere & Maestripieri, 2013). A coping style 

is typically defined as a set of correlated behavioural and physiological stress responses, which 

are consistent over time (Koolhaas, et al., 1999, Table 1). In contrast to studies of personality, 

laboratory male rodents have been the main focus of coping style studies (Carere, Caramschi 

& Fawcett, 2010; but see e.g., Castanheira et al., 2015, Table 1). Coping styles differ somewhat 

from the broader definition of animal personality by describing behavioural strategies to handle 

stressful situations in which several behaviours are intercorrelated and correlate with 

physiological mechanisms, such as stress response and androgen levels (e.g., Koolhaas, et al., 

1999, 2010; Cervantes & Delville, 2007; Øverli, Sørensen, Pulman, Pottinger & Korzan, 2007; 
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Coppens, et al., 2010; Castanheira, et al., 2015). In contrast, physiological measures are rarely 

included in descriptions of personality, though a few studies relate variation in personality to 

stress physiology (Cockrem, 2007; Kralj-Fišer, Weiß & Kotrschal, 2010; Baugh, Schaper, Hau, 

Cockrem & Goede, 2012). Furthermore, personality traits can be inter-correlated and form 

‘behavioural syndromes’ (Sih, et al., 2004a, e.g., great tits, Parus major, Verbeek, Boon & 

Drent, 1996), but do not necessarily do so (e.g., three-spined stickleback, Gasterosteus 

aculeatus, Dingemanse, et al., 2007; checkered pufferfish, Sphoerodies testdineus, Pleizier, 

Wilson, Shultz & Cooke, 2015; fowl, Gallus gallus ssp., Favati, Leimar & Løvlie, 2014a; 

Favati, Leimar, Radesäter & Løvlie, 2014b; Favati, Zidar, Thorpe, Jensen & Løvlie, 2016).  

 

Distribution of behavioural traits 

Contrary to the continuous distribution of most personality traits, coping styles were initially 

typically described as two distinct phenotypes; proactive and reactive, often with opposing 

behavioural and physiological features (for review, see Koolhaas, et al., 1999, 2010; Coppens, 

et al., 2010). It is often shown that reactive individuals respond passively by withdrawing from 

stressful situations (‘conservation/withdrawal’), i.e., they try to avoid the stressor. Proactive 

individuals instead show an active approach (‘fight/flight’), i.e., trying to counteract the stressor 

(for review, see Koolhaas, et al., 1999; Øverli, et al., 2007). Reactive individuals also tend to be 

more flexible and aware of environmental changes, whereas proactive individuals tend to be 

more rigid in their behaviour and easily form routines (e.g., mice, Mus musculus, Benus, et al., 

1990; pigs, Sus scrofa, Bolhuis, Schouten, de Leeuw, Schrama & Wiegant, 2004; great tits, 

Carere, Drent, Privitera, Koolhaas & Groothuis, 2005, greylag geese, Anser anser, Kralj-Fišer, 

Scheiber, Blejec, Moestl & Kotrschal, 2007).  

 

Behavioural flexibility 
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Both theoretical models (Wolf, van Doorn & Weissing, 2008; Coppens, et al., 2010) and 

empirical studies (e.g., mice, Benus, et al., 1990; pigs, Bolhuis, et al., 2004; rainbow trout, 

Oncorhynchus mykiss, Ruiz-Gomez, Huntingford, Øverli, Thörnqvist & Höglund, 2011), 

support that behavioural flexibility is an important underlying aspect describing coping styles. 

Individuals that are less flexible are expected to be bolder and more proactive (Koolhaas, et al., 

1999; Wolf, et al., 2008; Dingemanse, Kazem, Réale & Wright, 2010). This has been observed, 

for example, in pigs where high resistance in the back test (describing proactive individuals) 

was negatively associated with behavioural flexibility (Bolhuis, et al., 2004), and in rainbow 

trout where proactive individuals were less flexible in reversal learning (Ruiz-Gomez, et al., 

2011).  

 

Behavioural flexibility has not traditionally been considered an important aspect of animal 

personality. More recently, individual plasticity has been discussed in relation to animal 

personality in the context of reaction norms (Dingemanse, et al., 2010, 2012) and 

responsiveness (Wolf, et al., 2008). Reaction norms describe individuals’ differential responses 

to changes in the environment (e.g., perceived risk of predation, Dingemanse, et al., 2010, 2012) 

and responsiveness describes flexible responses to varying situations (Wolf, et al., 2008). Both 

reaction norms and responsiveness differ from coping style research where flexibility in specific 

(often operant) tasks is assessed (see below). Behavioural flexibility is therefore possibly an 

important aspect of animal personality, although this possibility has not yet been well explored 

empirically.  

 

Behavioural assays  

Common personality assays include open field (arena without interior), novel arena (arena with 

interior encouraging exploration) and novel object tests (e.g., Walsh & Cummins, 1976; 
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Dingemanse, et al., 2007; Réale, et al., 2007; Carere & Maestripieri, 2013; Carter, Feeney, 

Marshall, Cowlishaw & Heinsohn, 2013). In these tests, the reaction of animals to novelty is 

measured.  

 

Coping style assays can include the above, and also include relatively more stressful tests like 

responses to introduction of electric probes into the home pen (Sluyter, Korte, Bohus & van 

Oortmerssen, 1996; Koolhaas, et al., 1999, 2010) and forced swim tests (Koolhaas, et al., 2010). 

Additionally,, a commonly used test is the back-test in which the individual is held on its back 

and resistance (Bolhuis, et al., 2004) or latency to remain in tonic immobility, if that is induced, 

is measured (Forkman, Boissy, Meunier-Salaün, Canali & Jomes, 2007). However, the typical 

tests designed to capture coping strategies often include measures of responses to alteration of 

learnt tasks, often through maze or operant conditioning tests (Coppens, et al., 2010).  

 

In a maze test, the animal is typically trained to move through a maze to obtain a reward, and 

after reaching a stable routine the maze is changed and the behavioural reaction of the animal 

is measured. For example, Benus (1990) performed a maze test, in which male mice from 

different selection lines responded very differently to a seemingly small change (turning the 

maze 90 degrees) . Individuals from a long attack latency line started to explore the maze 

carefully, whereas individuals from a short attack latency line seemed unaffected by the change. 

Latency to ignore a previously rewarded stimulus in favour of a previously unrewarded 

stimulus, during the transition between associative and reversal learning, is also used to measure 

behavioural flexibility and variation in coping (e.g., Pavlov, 1908/1941; Bolhuis, et al., 2004; 

Coppens, et al., 2010; Klanker, Feenstra & Denys, 2013). In these types of tasks, less flexible 

individuals form routines and therefore are slow to investigate the previously unrewarded 

stimulus, whereas more flexible individuals investigate the previously unrewarded stimulus 
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quickly.   

 

Are the terms synonymous? 

Despite these differences in the terminology and tests used for animal personality and coping 

style, there is an assumption that animal personality and coping style are describing the same, 

or at least a very similar phenomenon. This assumption can confuse comparisons and hamper 

our understanding of the observed variation. For example, spontaneous behaviour vs. 

conditioned responses in operant tests, and bimodal vs. continuous responses may have 

different underlying mechanisms, and selection may act differently on these traits. To our 

knowledge the relationship between behavioural responses obtained in personality assays and 

coping style tests have rarely been compared in animal models. 

 

In the current study we exposed juvenile and adult red junglefowl (Gallus gallus) to behavioural 

assays used to describe variation in animal personality and coping styles. We focus on often 

studied and biologically relevant personality traits of boldness and exploration (Reale et al., 

2007), and coping style tasks that capture fearfulness and behavioural flexibility, important 

aspects of coping style. If behavioural responses are clustered into coping styles, bolder, less 

fearful individuals that explore more should be less flexible, describing a proactive type. Shyer 

individuals who explore less should, in this scenario, be more flexible, describing reactive 

individuals (Koolhaas, et al., 1999, 2010; Coppens, et al., 2010). On the other hand, if boldness, 

exploration and behavioural flexibility are not related and instead describe separate behavioural 

traits, this fits better with the view that personality traits and coping styles are not synonymous 

in this species. We thus expect responses from the different tests to correlate if personality and 

coping styles are describing the same aspects of behaviour variation. However, this may not be 

the case. Our previous results show that boldness and exploration do not form a behavioural 
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syndrome in this species (Favati et al., 2014a, b). We use both juveniles and adults, which 

enables investigation of general patterns of behavioural variation over ontogeny. Our previous 

results show that correlation within and among behavioural traits can change over the animal’s 

lifetime (Favati et al., 2016). We may therefore observe differences in responses between 

juvenile and adult animals. Overall, this leads us to predict that the coping styles in the red 

junglefowl are not similar to coping styles described in rodents, and that personality and coping 

style are not the same in this species.  

 

Method 

 

Animals and housing 

 

From March to September 2013, we used subjects from a population of captive, pedigree-bred 

red junglefowl, which is the ancestor of domesticated fowl (Fumihito, et al., 1994). Subjects 

were reared at Linköping University, Sweden, and have been bred in captivity since 1998. The 

focal population has not been bred or used for commercial purposes, thus their behaviour is 

similar to that observed in wild red junglefowl (Collias & Collias, 1967, Sawai, et al., 2010). 

Further, juveniles are precocial which enables the use of juveniles hatched in incubators, 

eliminating the influence of maternal affects after the egg has been laid. 

 

Two samples of subjects totalling 100 individuals (Nfemales = 55, Nmales = 45) from 18 families 

(nindividuals per family = 2 - 9) were used in this study. Directly after hatching, subjects were 

individually marked with wing-tags to facilitate recognition. The juveniles were housed in 

same-age, mixed-sex groups in 1-3 indoor enclosures (0.5 – 3.0 m2) during the first set of 

behavioural test (see below). Eight weeks post-hatching and after these behavioural tests, the 
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juveniles were transported to Wood-Gush the facility where adult birds are kept where they 

were housed in same sex groups (indoor + outdoor area: 3 + 3 m2). Thirteen individuals took 

part in another study at this stage and were thus excluded from further testing.  

 

Ethical notes 

 

The experiment was conducted according to ethical legislation in Sweden and according to an 

approved ethical permit from Linköping Ethical committee (ethical permit number 122-10). 

Both wild and domestic fowl are easily habituated to humans, enabling reduced stress during 

catching, handling, and behavioural observations. The experimental housing was either 

identical or very similar to that of stock housing and included environmental enrichment in the 

form of perches and wood shavings enabling dust bathing; ad libitum access to commercial 

poultry food and water. The light was on a 12/12 hour dark/light cycle. The health and wellbeing 

of birds at this facility is checked at least once per day. After participating in a test, subjects 

were released back into their home pens. Animals at the facility that are injured or sick are cared 

for or euthanised by trained gamekeepers, or the veterinarian. In the present study, no subjects 

were injured and no harmful manipulations were carried out. While behavioural assays can 

induce some stress this is considered mild. Further, we took additional measures to reduce stress 

(e.g., allowing social companions in their home pen and when familiarising themselves with 

the test arena, and providing rewards). Any bird that showed signs of distress was taken back 

to its home pen. 

 

Experimental setup 
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All recorded behaviours were obtained on singly tested subjects, and all latencies recorded are 

in seconds. Table 2 presents details of and motivation for personality and coping style tests. 

 

Assays used for scoring personality in juveniles 

A total of 100 subjects were tested in novel arena, novel object and tonic immobility tests (see 

below) as juveniles at 4 and 6 weeks of age.  

 

Exposure to a novel arena  

To observe variation in exploration and activity in a situation where fear of novelty can conflict 

with tendency to explore (Steimer, la Fleur & Schulz, 1997; Forkman, et al., 2007; Réale et al., 

2007), subjects were exposed to a novel arena test (NA) (Table 2). Two identical arenas built 

out of plywood with a mesh roof and rubber floor measuring 114 x 76 × 40 cm were used (see 

SI, Fig S1). Empty, familiar food and water containers were placed in the arenas to obscure the 

subjects’ view of the arena and encourage exploration. Substrate and placement of containers 

were altered to keep the environment novel between the test occasions. For all subjects, wood 

shavings were used as substrate during the first test and shredded corrugated fibreboard during 

the second test (see SI, Fig S1a, b). The arena was divided into 6 imagined sections to observe 

the subjects’ use of the arena. Behaviours scored were latency to move, latency to explore the 

entire arena, activity, vigilance and number of escape attempts (Favati et al., 2016; Zidar et al., 

2017). Behaviours were scored by instantaneous sampling every 10 sec, observed directly via 

video-link to a screen, for the 10 min the test lasted.  

 

Exposure to a novel object  

Directly following the novel arena test, a novel object test was implemented. Novel objects are 

used to measure variation in object-related neophobia (Greggor, Thornton & Clayton, 2015), or 
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when the object resembles a predator, to measure variation in boldness (Réale, et al., 2007, 

Table 2). We used a plush toy measuring 15 cm in diameter and with ~ 2 cm large yellow and 

black eyes, thus resembling a predator. Lights were turned off and the novel object was placed 

in the arena as far away from the subject as possible. To keep the object novel, it was changed 

between the two test occasions (yellow versus black/white coloured plush toy at 4 and 6 weeks 

respectively). The behaviours recorded were the same as described for the novel arena test 

above.  

 

Assays used for measuring coping style in juveniles 

 

Responses to induced tonic immobility 

The tonic immobility test is used to measure fear responses in birds (Forkman, et al., 2007; 

similar to the back test in pigs, Bolhuis, et al., 2004, Table 2). To induce tonic immobility, 

subjects were placed on their backs in a V-shaped wooden cradle (20 × 10 cm). A light pressure 

was applied to the subject’s breast while also loosely holding a hand over their head for fifteen 

seconds. Thereafter the pressure was released and latency until the subject started to move its 

head was used to measure time spent in a tonic state (‘latency to move after induced tonic 

immobility’).  To reduce the influence of the observer on the duration of tonic immobility, the 

observer avoided direct eye contact with the subject. We used the same observer for all tonic 

immobility tests. If a subject was not induced into tonic immobility, i.e., started to move within 

3 sec following the removal of the pressure by the hand, the procedure was repeated up to 3 

times. If the subject was still not induced into tonic immobility after 3 attempts, the subject 

received a latency of 0 sec. If the subject stayed in tonic immobility for more than 10 min, they 

received a maximum latency of 600 sec and the test was terminated.  
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Measures of behavioural flexibility 

To measure behavioural flexibility, we measured both individual behavioural responses to 

alteration of rewarded stimulus and responses to intramaze change (see below, Table 2). 

 

Response to alteration of rewarded stimulus 

From day 1 post-hatching all juveniles were first handled and familiarised with the test arena 

(28 × 18 × 37 cm, see Fig S2). Initially, to reduce stress due to social isolation, the juveniles 

were exposed to the arena in groups. Group size was then continuously decreased until each 

juvenile showed no sign of stress from being in the test arena on its own. To test associative 

learning speed, subjects (N = 62, Nfemales = 35, Nmales = 27) took part in a series of trials three 

days post-hatching. Subjects were presented with two bowls; one blue and one green separated 

by a cardboard divide, and allowed to choose one bowl to investigate per trial. Subjects were 

randomly assigned to a group in which blue or green were associated with a food reward (~one 

third of a mealworm). The association was considered stable when 5 correct choices in a row 

were made. To explore variation in behavioural flexibility, after reaching this criterion the 

previously unrewarded stimulus was rewarded while the previously rewarded stimulus was left 

unrewarded. We recorded the latency for a juvenile to investigate the previously unrewarded 

stimulus after this alternation. One male did not learn the association and was excluded from 

the analysis.  

 

Response to intra-maze change   

As juveniles at five weeks old, subjects were initially taught the location of a food reward (a 

mealworm in a bowl) located 0.5 m after a turn in a U-shaped arena (76 × 114 cm, SI, Fig S4a). 

A trail of mealworms was initially used to encourage the subject to move towards the final 

reward. During later training, the reward was only given in the final bowl. Training continued 



13 

until the subject had clearly associated a specific route with the reward (i.e., moved directly to 

the reward after release 5 times in a row, without stopping or turning around). Training sessions 

lasted up to 15 minutes and subjects needed about 5 training sessions to learn the task. After the 

association had been established, the trained route was cut off and a shortcut was opened in the 

beginning of the arena (20 cm from the starting position, SI, Fig S4b). Latency to find a shortcut 

was used as a measure of behavioural flexibility. Six juveniles (Nfemales =5, Nmales = 1) were not 

able to learn the location of the food reward (e.g., due to lack of motivation to eat mealworms), 

and data from these individuals were not included in further analyses.  

 

For the associative- and reversal learning and maze tests, each session continued for as long as 

the subject was motivated to work for the reward (~15 min). If a training session ended before 

an association was formed, a new training session commenced after approximately one hour of 

rest. 

 

Assays used to describe personality in adult fowl 

When sexually mature, at around 5 months of age (Johnsen & Zuk, 1998), all available adult 

individuals (N = 87, Nfemales = 45, Nmales = 42) were tested again in the personality assays 

previously described for the juveniles. 

 

Exposure to a novel arena  

The novel arena (2 m2) had peat as substrate and empty, familiar food and water containers to 

encourage exploration (see SI, figure S1c). Subjects were calmly caught from their home pen 

with the light switched off. Behaviours were recorded through direct instantaneous sampling 

every 10 sec.  
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Exposure to a novel object  

As described for juveniles, the novel object was placed in the arena directly following the novel 

arena test. Again, latency to move, latency to explore the entire arena, activity, vigilance, and 

number of escape attempts, were recorded through direct instantaneous sampling every 10 sec.  

 

Assays used for scoring coping styles in adults 

 

Responses to induced tonic immobility 

‘Latency to move after induced tonic immobility was measured on adult fowl in the same 

manner as described above for the juveniles.  

 

Response to change of rewarded stimulus 

Sexually mature males fowl are not very motivated by food, while females readily work for 

food rewards. Retesting of behavioural flexibility in the operant task only included females 

(Nfemales = 45).  

 

Females were trained to associate one of two patterns (either white background with black 

circle, or black background with white circle) with a reward (mealworm), hidden in a bowl 

underneath a lid marked with the relevant pattern. The patterns of black and white had the same 

proportions, and females were randomly assigned to be rewarded for either of the two stimuli. 

The associative learning ability of the subjects was tested through their participation in a series 

of trials where subjects were allowed to choose between two bowls with the relevant patterns. 

A die was used to determine whether the rewarded stimuli was positioned on the left or the 

right. The criterion for passing the associative learning stage was 5 correct choices in a row. All 

individuals got exactly 100 trials over 6 training sessions over 2 days to learn the association. 
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Thirty-four females learnt the association and were exposed to the reversal learning test in 

which latency to explore a new colour cue was scored.  

 

Statistical analyses 

 

All analyses were conducted using R version 3.0.2 (R developmental core team 2014). 

 

To assess whether our response variables were bimodal or continuous, we visually inspected 

histograms. 

 

For responses measured both at 4 and 6 weeks, mean value of the two were used for further 

analyses.  

 

The variables obtained from the novel arena and novel object tests were reduced by the use of 

principal component analysis (PCA). We obtained differentially weighted scores using the 

regression approach with the R-package psych and the function principal (Revelle, 2016). 

Numbers of principal components were chosen by a combination of visual inspection of scree-

plots, parallel analysis and examination of the components interpretability. For both the juvenile 

(r = -0.28) and adult (r = 0.04) data, components were weakly correlated (allowing for 

orthogonal rotation, varimax, of the principal components). Two components were obtained for 

juveniles. PC1 was interpreted as describing individuals that are more vs. less active and that 

explore more vs. less, and PC2 as describing individuals that are more vs. less shy and fearful 

(Table 3). For adult fowl, two components were obtained. PC1 was interpreted as describing 

females that were more vs. less shy and fearful, PC2 as describing individuals that are more vs. 

less active and that explore more vs. less (Table 3).  
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Repeatability of personality traits was evaluated using the ‘rtpR’ package (Nakagawa & 

Schielzeth, 2010; Nakagawa, Schielzeth & Stoffel, 2016). Histograms were assessed and 

depending on distribution, models were fitted for either Gaussian, Bimodal or Poisson 

distributed traits. This resulted in a linear mixed model (lmm) method for activity and vigilance 

for juveniles tested at 4 and 6 weeks of age, and for vigilance when comparing juveniles to 

adults. To compare activity between juveniles and adults we used a generalised linear mixed 

model (glmm) and log link function. Furthermore, for latencies and count data we use a glmm 

and log link function. Because our measure of latency to explore the entire arena included many 

max-values (i.e., latencies of 600 sec) we analysed this as a binary trait (i.e., explored only parts 

of the arena vs. explored the entire arena) with a glmm and log link function.  

 

To test whether our response variables that were obtained in coping style tests were interrelated, 

Pearson’s correlation tests on our transformed variables (see below) were carried out.  

 

To explore the relationship between behavioural responses from personality assays and 

measures from coping style assays, we fitted general linear mixed effects models using the R-

package ‘lme4’ (Bates, Maechler, Bolker & Walker, 2015). For the juvenile data, models 

included the fixed factors: sex (Male, Female), PC1, PC2, and the random effect family to 

account for sibling relatedness. For the adult data, models included the fixed effects PC1 and 

PC2 as well as family as a random effect. To meet the assumption of normality we selected 

suitable transformations for our response variables using Box-Cox. Normality was evaluated 

statistically with Shapiro-Wilk normality test. In cases were normality was not met we used √ 

(χ) transformation for latency to move after induced tonic immobility for juveniles, and log (χ) 

for latency to explore a new colour cue for both juveniles and adults, as well as for latency to 
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find a shortcut in the spatial task after reconfiguration of the maze, and for latency to move after 

induced tonic immobility for adults.  

 

Results 

 

Relationships between behavioural responses 

 

Repeatability of responses obtained in personality assays  

 

Repeatable behavioural responses are a pre-requisite for determining whether a personality trait 

is being measured. We observed high repeatability for all behaviours scored in personality 

assays between 4 and 6 weeks of age (Table 4). Repeatability for behaviours scored in 

personality assays was low when comparing behaviour in juveniles at 4 weeks to adults (Table 

4).  

 

Relationship among responses obtained in coping style assays  

Coping styles are expected to include intercorrelated traits. For juveniles, our two measures of 

flexibility, latency to explore a new colour cue and latency to find a shortcut in the spatial task, 

showed a non-significant positive correlation (Pearson’s r = 0.22, N = 55, df = 53, P = 0.11, 

Fig 1a). Because of this relationship, only the response to the change of rewarded stimuli was 

measured in adults. There was a negative correlation between latency to move after induced 

tonic immobility and latency to explore a new colour cue (Pearson’s r = -0.32, N = 61, df = 59, 

P = 0.01, Fig 1b). However, there was no clear relationship between latency to move after 

induced tonic immobility and latency to find a shortcut in the spatial learning task (Pearson’s r 

= -0.08, N = 56, df = 54, P = 0.58, Fig 1c).  
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Similar to juveniles, latency to move after induced tonic immobility correlated negatively with 

latency to explore a new colour cue for adult females (Pearson’s r = -0.35, N = 34, df = 32, P 

=0.04, Fig 1d). 

 

Distribution of behavioural responses 

 

Behavioural responses from both personality assays and coping style assays were continuous, 

for both juveniles (Fig 2) and adults (Fig 3). Thus, we did not observe a clear bimodal 

distribution as described for coping styles in rodents (Koolhaas, et al., 2010).  

 

Comparing animal personality and coping styles for juveniles 

 

Responses to induced tonic immobility 

In juveniles, ‘latency to move after induced tonic immobility’ was not associated with sex (χ2
1 

= 0.26, P = 0.61, Fig 4a, b), or any of the personality measures taken (PC1: χ2
1

 = 0.01, P = 0.91, 

Fig 4a; PC2:  χ2
1

 = 0.04, P = 0.83, Fig 4b). 

 

Response to alteration of rewarded stimulus 

‘Latency to explore a new colour cue’ did not differ between the sexes (χ2
1= 2.74, P = 0.10, Fig 

4c, d), and was not associated with personality in terms of exploration (PC1: χ2
1

 = 0.02, P = 

0.88, Fig 4c), but was positively related to personality in terms of how shy and fearful a juvenile 

was (PC2: χ2
1

 = 6.80, P = 0.009, Fig 4d). 

 

Responses to an intramaze change  
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‘Latency to find a shortcut’ was not explained by sex (χ2
1

 = 0.72, P = 0.40, Fig 4e, f), or any of 

the personality measures taken (PC1: χ2
1= 0.80, P = 0.37 Fig 4e; PC2: χ2

1= 0.21, P = 0.65, Fig 

4f).  

 

Comparing animal personality and coping styles in adults 

 

Responses to induced tonic immobility 

For adults, ‘latency to move after induced tonic immobility’ was not associated with sex (χ2
1

 = 

1.34, P = 0.25, Fig 5a, b), or any of the personality measures taken (PC1: χ2
1 = 0.60, P = 0.44, 

Fig 5a; PC2: χ2
1 = 0.28, P = 0.60, Fig 5b). 

 

Behavioural responses to change of rewarded stimulus 

In adult females, ‘latency to explore a new colour cue’ was not explained by any of the 

personality measures taken (PC1: χ2
1 = 0.51, P = 0.48, Fig 5c; PC2: χ2

1 = 0.21, P = 0.65, Fig 

5d). 

 

Discussion  

We show that behavioural responses in red junglefowl can describe variation in personality and 

coping, respectively. The behavioural responses measured in personality assays were not 

strongly related to behavioural responses measured in coping style assays. We observed the 

same pattern in both juveniles and adults. This suggests that personality and coping style 

capture different aspects of behavioural variation in this species. We therefore suggest that the 

two terms describing consistency in behavioural responses are not necessarily equivalent and 

should not be used as synonyms.  
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Animal personality has been described in a range of species (Gosling, 2001; Carere & 

Maestripieri, 2013). Consistency of among-individual variation in behavioural traits is a 

requisite for terming behavioural traits personality. This is commonly achieved by investigating 

the same or functionally similar behavioural responses, over time and/or across context. We 

observed among-individual consistency in the measured behaviours obtained from established 

personality assays (e.g., Dingemanse, et al., 2007; Réale, et al., 2007; Carere & Maestripieri, 

2013; Carter, et al., 2013). Specifically, we show that in red junglefowl, the gradients explaining 

variation in exploration and shyness-boldness are consistent in juveniles, although not from 

juvenile to adulthood. Our results are consistent with our previous studies in the species (Favati, 

et al., 2014a, b), including members of the same population (Favati, et al., 2016; Zidar, et al., 

2017), and capture two gradients investigated and observed in other species (Réale, et al., 2007). 

The exploration and shyness gradients did not correlate, i.e., they did not form a behavioural 

syndrome. This is also in accordance with results from our previous studies in this species 

(Favati, et al., 2014a, 2016). 

 

To describe variation in coping style, correlated stress responses are investigated (Koolhaas, et 

al., 1999, 2010; Coppens, et al., 2010). Thus, we expect that the interrelatedness between 

behavioural responses is similar over time (Koolhaas, et al., 1999). We explored variation in 

coping styles in our population of red junglefowl by exposing juveniles and adults to several 

tests similar to the ones typically used to score coping style in other species (Benus, 1990; 

Hessing, et al., 1993, Hessing, Hagelsø, Schouten, Wiepkema & van Beek, 1994; Erhard & 

Mendl, 1999; Erhard, Mendl & Christiansen, 1999; Forkman, et al., 2007; Carere, et al., 2010; 

Castanheira, et al., 2015). Specifically, we investigated behavioural flexibility and fearfulness, 

traits that have been previously associated with stress response and thus coping style (Koolhaas 

et al. 2010).  We found that these behavioural responses were, to some extent, interrelated across 
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these tests. We show that juveniles that were fast to alter their response to a previously 

unrewarded stimulus after a previously rewarded stimulus became unrewarded were more 

fearful in a tonic immobility test as both juveniles and adults. Further, in juveniles, the latency 

to explore a previously unrewarded colour cue correlated positively, although not significantly, 

with latency to find the shortcut in an altered maze, showing a similar response to alteration of 

established associations. The relationship between behavioural flexibility and fearfulness is also 

what one would predict if these traits describe coping styles; reactive and fearful individuals 

showed higher behavioural flexibility, while proactive and bold individuals showed a more 

rigid, routine-like behaviour (Koolhaas, et al., 1999, 2010; Coppens, et al., 2010). This suggests 

that the responses recorded in these tests described variation in coping styles in this species. 

Our results are thus similar to what has been found in rodents, and in non-rodent species, such 

as pigs (Bolhuis, et al., 2004) and fish (Castanheira, et al., 2015). For example, in pigs, 

resistance in a back-test was negatively associated with behavioural flexibility (Bolhuis, et al., 

2004). Additionally, lines of high and low responsive rainbow trout showed differences in 

behavioural flexibility and routine formation, which is what one would expect for different 

coping styles (Ruiz-Gomez, et al., 2011).  

 

On the other hand, in the literature originally describing variation in coping styles, from studies 

conducted primarily on rodents, a dichotomy is described. Proactive and reactive individuals 

showed responses that were distinct from each other (Koolhaas, et al., 1999, 2010) and the 

distributions of the recorded behavioural responses were bimodal, corresponding to these 

distinct types (Koolhaas, et al., 2010, but see discussion in Castanheira, et al., 2015). However, 

in the red junglefowl, we found no such bimodality in coping style. It is still uncertain whether 

species other than rodents show these distinct response patterns, and it seems like responses 

obtained can be called coping styles even when not clearly bimodal (e.g., Koolhaas, et al., 
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2010). Indeed, similar to us, several studies have failed to observe bimodal coping styles in 

their study subjects (e.g., Hessing, et al., 1993; Hessing, et al., 1994; Forkman, Furuhaug & 

Jensen, 1995; Janczak, Pedersen & Bakken, 2003; Jensen, Forkam, Thodberg & Köster, 1995; 

Réale, et al., 2010; Castanheira, et al., 2015). Additionally, in contrast to reactive rodents being 

more behaviourally flexible, in some species proactive individuals have been found to be more 

behaviourally flexible (Frost, Winrow-Giffen, Ashley & Sneddon, 2007; Basic, Winberg, 

Schjolden & Höglund, 2012). Therefore, the generality of the distinction between proactive and 

reactive types is not totally clear and seems to vary depending on species. Finally, it is possible, 

through bidirectional selection, to convert a population that shows continuous responses to one 

that shows bimodal responses. This has been demonstrated in the great tit, an important model 

for consistent among and within individual differences in behavioural responses (Verbeek, et 

al., 1994; Nicolaus, et al., 2015).  

 

In our study, responses describing animal personality and those describing coping styles did not 

clearly correlate. The exception to this was that bold and less fearful juveniles were more likely 

to modify their behaviour when exploring a previously unrewarded colour cue. The personality 

gradient explaining most variation in our data, exploration, was not associated with any of the 

responses obtained in coping style tests, either in juveniles or in adult females. Further, boldness 

and fearfulness did not relate to behavioural flexibility. Our results suggest that animal 

personality and coping styles are not overlapping in our species. This is similar to what has 

been found in checkered pufferfish where behavioural responses in personality assays did not 

correlate with measures of a physiological stress response, i.e., cortisol level (Pleizier, et al., 

2015). One other possibility is that the way individuals cope with stressors, as described for 

coping styles, is a personality axis in itself. In great tits, traits typically used to describe variation 

in personality, including exploration speed and risk-taking, are included in the term coping style 
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(e.g., Nicolaus, et al., 2015). Further, responses measured in tests used to describe animal 

personality and coping styles usually correlate in great tits (e.g., Verbeek, et al., 1994). This 

differs from what we observe in red junglefowl. A difference between great tits and red 

junglefowl is thus that personality gradients form behavioural syndromes in great tits, but do 

not seem to do so in red junglefowl (Favati, et al., 2014a, 2016). There are, however, a limited 

number of studies that compare variation in animal personality and coping styles, and so we do 

not know the degree to which these findings would generalise across species.  

 

Behavioural flexibility is an important part of coping styles (Koolhaas, et al., 1999), but has not 

commonly been included in personality. We demonstrate that behavioural flexibility can predict 

variation in animal personality since variation in fearfulness and shyness-boldness was 

predicted by differences in behavioural flexibility in reaction to a change in an environmental 

cue and alteration of rewarded cue. Our results thus seem to capture a fundamental link between 

behavioural flexibility and personality. Behavioural flexibility (or responsiveness) has been 

discussed as complementary to animal personality (Wolf, et al., 2008; Dingemanse, et al., 2010, 

2012), or as a separate personality gradient (Carter, Goldizen & Heinsohn, 2012). Personality-

dependent differences in behavioural flexibility have previously been observed in other species 

(e.g., Herborn, Heidinger, Alexander & Arnold, 2014; Mathot, Wright, Kempenaers & 

Dingemanse, 2012), including bird species (Titulaer, van Kees & Naguib, 2012; Brust, Wuerz 

& Krüger, 2013; Guillette, Reddon, Hoeshele & Sturdy, 2011; Guillette, Hahn, Hoeschele, 

Przyslupski & Sturdy, 2014) but the connection between personality and behavioural flexibility 

requires further exploration. Neuroendocrinology could potentially cause constraints in 

behavioural flexibility and thus explain why certain personality traits are observed (Sih, Bell & 

Johnson, 2004b, Dall, et al., 2004, reviewed in Castanheira, et al., 2015).  Exploration of the 

relationship between neuroendocrinology and personality is therefore also needed. 
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Overall, in the red junglefowl, personality and coping styles describe different aspects of 

behavioural variation, and caution is warranted when using these terms in general. 

Nevertheless, the extensive work on the physiology and mechanisms involved in coping styles 

has played an important role in inspiring and stimulating work on how these mechanisms (e.g., 

corticosteroids, Cockrem, 2007; Baugh, et al., 2012; polymorphisms in dopamine receptor D4, 

DRD4, Fidler, et al., 2007) Finally, work on the fitness and adaptive value of observed variation 

in animal personality can potentially improve our understanding of coping style.  

  

Conclusions 

Our results suggest that the terms animal personality and coping style should not be used as 

synonyms, but should rather be used as separate terms that describe different aspects of 

consistent behavioural responses in animals. Thus, although biologists have grasped the 

importance of phenotypic variation in behaviour within species and populations, the generality 

of patterns describing different domains of personality and coping styles across species still 

remains unclear. Further, our results confirm that variation in personality can be linked to 

individual variation in behavioural flexibility.  
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Tables and table legends 1 

Table 1. A comparison of similarities and differences between ‘animal personality’ and ‘coping styles’.  2 

 Animal personality Coping style 

Definition Among-individual behavioural differences 

consistent over time and/or across context 

[1,2].   

A coherent set of behavioural and physiological stress responses 

[3]/characteristics [4] consistent over time [3] and over context [4].  

Subjects Wild and captive species ranging from insects 

to primates. Often research is conducted on 

both sexes [1]. 

Primarily (but not only [3]), male rodents in a laboratory settings [4]. 

Tests/Assays used Exposure to unfamiliar or familiar 

environments, novel objects, simulated 

predators, conspecifics [1,2,9]. Tonic 

immobility test [6]. 

Exposure to unfamiliar or familiar environments, novel objects, 

conspecifics, electrical probe [3]. Operant conditioning tasks, where after 

reaching a stable task performance, the reaction to a small change is studied 

[5,4]. Back-test or tonic immobility test [7,8].  

Response types  Spontaneous behaviour, often when exposed to 

some challenge. 

Spontaneous behaviour or reactions to changes in operant tests. Reactions to 

challenges [4] that allow different response patterns [5]. 
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Response gradients  Shyness-boldness, exploration-avoidance, 

activity, aggression, sociability [1]. 

Proactive-reactive [4], aggression [5], active-passive response to test 

situation, aspects of initiative [3]. 

   

Response structure Quantitative, normally distributed responses 

along a unidimensional gradient ([1], but see 

‘behavioural syndromes’ [9]). 

Multi-dimensional, correlated gradients with both qualitative and 

quantitative aspects [5,4], clustered in reactive - proactive phenotypes  

[3,5,4]. Responses are typically bimodal, or non-normal [3].  

   

Flexibility Personality can partly be explained by 

limitation in behavioural flexibility [2,9], and 

behavioural flexibility is complementary 

[11,12], or a separate personality gradient [13].  

Behavioural flexibility is typically included as an important aspect [3,4, but 

see 10 for when it is not]. Reactive individuals are more flexible, and 

proactive individuals have stronger routine formation [3,4].  

References: [1] Réale, et al., 2007; [2] Dall, et al., 2004; [3] Koolhaas, et al., 1999; [4] Coppens, et al., 2010; [5] Koolhaas, et al., 2010; [6] Burst, et al., 2013; 3 

[7] Bolhuis, et al., 2004; [8] Forkman, et al., 2007; [9] Sih, et al., 2004b; [10] Øverli, et al., 2007; [11] Dingemanse, et al., 2010; [12] Wolf, et al., 2008; [13] 4 

Carter, et al., 2012. 5 
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Table 2. Overview of assays used, behaviour measured and whether they typically describe animal personality or coping styles.   6 

 7 

 8 

 9 

 10 

 11 

 12 

References: [1] Favati, et al., 2014a; [2] Favati, et al., 2014b; [3] Favati, et al., 2016; [4] Zidar, et al., 2017; [5] Forkman, et al., 2007; [6] Titulaer, et al., 2012; 13 

[7] Cervantes & Delville, 2007; [8] Benus, et al., 1990; [9] Bolhuis, et al., 2004. 14 

Assay Behaviour Category 

Novel Arena Activity, exploration [1-4] Personality 

Novel Object Neophobia [1-4] Personality 

Tonic Immobility Fearfulness [5] Coping style 

Change of rewarded stimulus Behavioural flexibility [inspired by 6,7] Coping style 

Intra-maze change Behavioural flexibility [8,9] Coping style 
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Table 3. Principal component analysis of behavioural responses of red junglefowl juveniles in personality assays (Novel arena, NA, and Novel 15 

object, NO).  16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

For juveniles, PC1 is interpreted as describing individuals that are more vs. less active and that explore more vs. less, and PC2 as describing more vs. less shy 31 

and fearful individuals. For adults, PC1 is interpreted as describing more vs. less shy and fearful individuals and PC2 as describing individuals that are more 32 

 Juveniles Adults 

Components   PC1  PC2   PC1   PC2 

Activity (NA)   0.85  0.17 0.32 -0.84 

Vigilance (NA)   0.71    0.42 0.79 -0.22 

Latency to move (NA)  -0.70   0.01 0.43  0.55 

Latency to explore the entire arena 

(NA)  -0.85   -0.01 -0.02 0.80 

Vigilance (NO)   0.16   0.85 0.68 0.06 

Number of escape attempts (NO)   0.01   0.79 0.71 -0.03 

After rotation sums of squares   2.46    1.54  1.87 1.70 

Proportion variance explained 0.41  0.26 0.31 0.28 
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vs. less active and that explore more vs. less. After rotation sum of squares and proportion variance explained by components are presented. Values in bold 33 

have values > ±0.50. N = 100 for juveniles, N = 87 for adults. 34 
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Table 4. Adjusted repeatability of personality traits of red junglefowl in a novel arena and novel object test, after controlling for sex.  35 

 36 

 37 

 38 

 39 

 40 

 41 

 42 

 43 

 44 

 45 

N = 100 for comparison between 4 and 6 weeks, N = 87 for comparison between 4 weeks and when adult.  46 

 4-6 weeks 4 weeks-adult 

 R 95% CI R 95% CI 

Activity (NA) 0.46 0.304-0.603 0 0-0.21 

Vigilance (NA) 0.21 0.023-0.398 0.02 0-0.23 

Latency to move (NA) 0.23 0.01-0.418 0  0-0.21 

Latency to explore the entire arena (NA) 0.26 0-0.872 0 0-0.115 

Vigilance (NO) 0.27 0.088-0.45 0.12 0-0.238 

Number of escape attempts (NO) 0.59 0.391-0.727 0 0-0.235 
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Figures and figure legends 47 

Figure 1. The relationship between behavioural responses scored in coping style assays for red 48 

junglefowl. Black = males, grey = females. 49 

 50 

 Figure 2. Distribution of behavioural responses of red junglefowl juveniles obtained in 51 

personality assays (a-f) and tests of coping style (g-i). NA = Novel Arena, NO = Novel Object, 52 

TI = Tonic Immobility, black = males, grey = females.  53 

 54 

Figure 3. Distribution of behavioural responses of adult red junglefowl obtained in personality 55 

assays (a-f) and tests of coping style (g-h). NA = Novel Arena, NO = Novel Object, TI = Tonic 56 

Immobility, black = males, grey = females. 57 

 58 

Figure 4. Relationship between behavioural responses scored in personality assays and coping 59 

style for red junglefowl juveniles. PC1 = more vs. less active and that explore more vs. less, 60 

PC2 = more vs. less shy and fearful, black = males, grey = females.  61 

 62 

Figure 5. Relationship between behavioural responses scored in personality assays and coping 63 

style for adult red junglefowl. PC2 = more vs. less active and that explore more vs. less, black 64 

= males, grey = females. 65 
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