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A coping style (also termed behavioural syndrome or personality) is defined as a correlated set of
individual behavioural and physiological characteristics that is consistent over time and across situations. This relatively stable trait is a fundamental and adaptively significant phenomenon in the
biology of a broad range of species, i.e. it confers differential fitness consequences under divergent
environmental conditions. Behavioural flexibility appears to be an important underlying attribute or
feature of the coping style that might explain consistency across situations. Proactive coping is
characterized by low flexibility expressed as rather rigid, routine-like behavioural tendencies and
reduced impulse control (behavioural inhibition) in operant conditioning paradigms. This article
summarizes some of the evidence that individual differentiation in behavioural flexibility emerges
as a function of underlying variability in the activation of a brain circuitry that includes the prefrontal cortex and its key neurochemical signalling pathways (e.g. dopaminergic and serotonergic input).
We argue that the multidimensional nature of animal personality and the terminology used for the
various dimensions should reflect the differential pattern of activation of the underlying neuronal
network and the behavioural control function of its components. Accordingly, unravelling the molecular mechanisms that give rise to individual differences in the coping style will be an important
topic in biobehavioural neurosciences, ecology and evolutionary biology.
Keywords: coping; prefrontal cortex; serotonin; dopamine; behavioural flexibility;
proximate mechanism

1. INTRODUCTION
During the last decades, a wide variety of scientific disciplines have shifted their interest towards the causes
and consequences of individual variation. Ecologists
and evolutionary biologists aim at understanding the
ecological function of individual variation in behaviour
and its consequences for evolutionary fitness (Sih et al.
2004; Réale et al. 2007; Wolf et al. 2008). Understanding individual disease vulnerability and personalized
medicine has become a major area of research in the
biomedical sciences (Ginsburg & Willard 2009), and
in the behavioural neurosciences much research
effort is devoted to gene– environment interaction in
the development of adult phenotypes and the underlying molecular and physiological mechanisms (Barr
et al. 2003). Although the boundaries between these
disciplines gradually disappear, we feel that much can
be gained by a further integration of both levels of
analysis, in terms of concepts, terminology and design
of experiments.
Naturalistic studies in a variety of animal species
show that individuals can be categorized in distinct
behavioural phenotypes. These studies are all
based on two observations: (i) within an individual,
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behaviours are often correlated independent of the
environmental situation and (ii) correlated behaviours
result in only a limited number of phenotypes across
individuals. Several terms are used for this phenomenon. Sih et al. (2004) used the term behavioural
syndrome, whereas Groothuis & Carere (2005) preferred the term behavioural profile. More specifically,
research has focused on two distinct patterns of reaction to stressful conditions or coping style. Rodent
research distinguishes between proactive and reactive
coping (Koolhaas et al. 1999) and researchers of fish
and birds often use the terms shyness and boldness
(Wilson et al. 1994). Whatever term is used exactly,
they all refer to alternative response patterns in reaction to challenges that are stable over time and
across various situations (Koolhaas et al. 1999). For
example, animals characterized by a proactive coping
style are offensive towards male conspecific rivals, are
impulsive in decision-making, score high in frustration
tests, take risks in the face of potential dangers and are
novelty seekers (David et al. 2004; Groothuis & Carere
2005; Steimer & Driscoll 2005). Although a unidimensional approach of individual variation is useful
in these early stages of animal personality research,
several studies emphasize the need to consider individual variation being composed of several independent
trait characteristics (Steimer & Driscoll 2005; Van
Reenen et al. 2005; Koolhaas et al. 2007). These
authors suggest a two-tier model in which a coping
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style axis reflects how an animal responds to a challenge (qualitative dimension) and an emotional
reactivity axis reflects how strongly it responds (quantitative dimension). These allow the characterization
of individuals on two independent scales in a twodimensional space. In view of the tests used to
characterize individual fish or birds as shy or bold, it
is conceivable that this phenotypic characterization
includes both qualitative and quantitative aspects.
The dimensions are generally determined using principle component analyses of the variation in
behaviour between individuals tested in various conditions. In human personality research, this has
resulted in five independent dimensions (the big five)
or axes at which individuals may vary (Goldberg
1990). The fact that individual variation in behaviour
can be reduced to variation in a limited number of
independent dimensions is important.
From an evolutionary perspective, variable trait
characteristics are the subject of selection pressure.
Hence, the various dimensions may reflect independent components of individual fitness. From the
point of view of behavioural neuroscience, it is reasonable to suggest that these dimensions somehow reflect
underlying causal mechanisms. The idea is that certain
behaviours are correlated because they share the same
neurobiological, neuroendocrine and/or genetic mechanisms (Bell 2007; Bell et al. 2007). The present paper
aims at one of these causal mechanisms. Since we
focus on individual behavioural characteristics that
are stable across situations, one has to look for variation in causal mechanisms or behavioural control
functions that are activated in different contexts in
one and the same animal. Inter-individual variations
in behaviour in these contexts should consequently
be reflected in a differential activation of the
underlying causal mechanisms. This line of reasoning
also implies that the dimensions used to describe
individual variation in behaviour should reflect variation in the main proximate mechanisms controlling
the behaviour.
It is beyond the scope of this paper to review all
causal mechanisms underlying individual trait characteristics. We will rather explore the neurobiology of
behavioural flexibility as an important underlying
attribute or feature of general coping style that might
explain consistency of individual behaviour across a
wide variety of environmental conditions. We will
mainly use data derived from rodent studies in
laboratory settings. An elaborate overview of the evolutionary basis of coping styles and the underlying
physiology is given by Overli et al. (2007). However,
they do not specifically address the mechanisms of
behavioural flexibility as defined below.

2. BEHAVIOURAL FLEXIBILITY
Behavioural flexibility is an ill-defined concept. Evolutionary ecology uses the term behavioural plasticity to
indicate that the expression of behavioural traits is
not fixed within genotypes or individuals (Dingemanse
et al. 2007). Applied to individuals, behavioural
plasticity is defined as the slope of the relationship between behaviour (response variable) over an
Phil. Trans. R. Soc. B (2010)

environmental gradient: a behavioural reaction norm.
This slope can thus be viewed as an index for the
number of phenotypes a single genotype can produce
in a given set of environments (Dingemanse et al.
2009). Behavioural neuroscience does not use the concept of behavioural reaction norm. In this field of
science, behavioural flexibility includes a range of behavioural control functions of an animal aimed to
directly respond and adjust its behaviour to environmental stimuli. This includes impulsivity (impulsive
action/impulsive choice), reversal learning/response
perseveration, etc. (Dalley et al. 2004). Behavioural
flexibility is defined as the ability of an individual to
directly respond and adjust its behaviour to environmental stimuli. Here, we will consider the individual
variation in the underlying behavioural control functions. Behavioural flexibility reflects the degree to
which behaviour is guided by stimuli from the environment, which can be considered an important
fundamental and rather stable differential characteristic
of coping styles.
So far, flexibility of behaviour in relation to coping
style has mainly been tested in laboratory settings
using rodents. A wide range of studies suggest that
actions of the proactive coping style are principally
based on rather rigid internally organized (i.e. ‘brainengrained’) predictions of the actual environment.
This is in contrast to the reactive coping style in
which there is a more direct actual stimulus – response
relationship. For example, rats or mice can easily be
trained to run a maze for a food reward. After reaching
a stable task performance, the reaction to a small
change in the maze is often studied. In one experiment
on mice, a small piece of tape was put on the floor in
one of the alleys of the maze, while in another experiment the maze was turned 908 with respect to the
extra-maze cues. In both experiments, the proactive
coping males paid little or no attention to the
change; i.e. there was no increase in time to complete
the task and no increase in the number of errors made
in the maze. Reactive coping males on the other hand
started exploring the maze again and hence took much
more time to get to the goal box and made more errors
in the task (Benus et al. 1990). This suggests that the
reactive coping style may be much more guided by
environmental stimuli, while the proactive coping
style seems to rely on routines. Similar results were
obtained in a study of coping styles in pigs. Piglets
that struggle a lot in the back-test (proactive, high
resisters) are less successful in reversal learning of a
T-maze task compared with animals that hardly show
any resistance (reactive, low resisters) in the backtest. High resisting, proactive coping pigs had more
difficulties in inhibiting their previously reinforced
response, which is consistent with the idea that these
animals rely on previous experience and develop
routines (Bolhuis et al. 2004).
Differences in behavioural flexibility can be demonstrated in several other situations where the animal has
to switch suddenly from a familiar situation to a new
one. For example, the two coping styles differ strongly
in response to a 12 h shift in light/dark cycle. Proactive
coping male mice stay in their original day– night
rhythm for a few days, after which their rhythm
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gradually shifts to the new cycle. Reactive coping
males on the other hand start to shift their rhythm
immediately; they are twice as fast in adapting to the
new light – dark cycle as the proactive coping males
(Benus et al. 1988). This suggests that the rhythm of
the reactive animals is more determined by the extrinsic light/dark cycle. Similar studies in non-mammalian
species are hardly available. However, in their work on
great tits as an avian model of coping styles, Verbeek
et al. (1994) also concluded that the fast-exploring
(i.e. proactive) birds seem to rely on routines.
Besides maze tests, operant conditioning tasks are
often employed as well to test for behavioural flexibility. In these tasks, animals are trained to perform
an operant (usually to press a lever or turn a wheel)
to trigger a reinforcement (usually a food reward).
An operant conditioning paradigm allows precise
experimental control of the stimuli that the animals
can respond to, and of the responses they make.
Hence, a more refined analysis of the various behavioural
control
mechanisms
that
determine
behavioural flexibility is thus possible. These include
impulsive responding or behavioural inhibition,
response perseveration and attention. One of the
studies aimed at documenting the relationship between
coping styles and behavioural flexibility using an operant conditioning paradigm has been performed in
hamsters (Cervantes & Delville 2007). High-aggressive
hamsters perform impulsively compared with lowaggressive hamsters in a two-lever delay-discounting
paradigm. High-aggressive hamsters were more likely
to press a lever for an immediate but small reward,
whereas low-aggressive animals showed a preference
for a delayed but larger reward (Cervantes & Delville
2007). In a similar study by David and co-workers,
hamsters were trained in operant conditioning
chambers for immediate reinforcement and were later
tested for their response to a delayed reward. They
showed that all animals increase their frequency of
lever pressing initially. However, low-aggressive animals
were able to adapt to the delay and showed a decreased
rate of lever pressing per reward within 5 days, reaching
a significantly higher feeding efficiency than the highaggressive males (David et al. 2004). Similar results
were obtained in a genetic model of coping styles; the
Roman high (RHA)- and Roman low (RLA)-avoidance
rats. These animals were genetically selected for their
avoidance behaviour in an active shock avoidance paradigm. Extensive studies show that the RLA animals
are also less aggressive in a social interaction test and
are more efficient in a delayed reinforcement task than
RHA rats (Zeier et al. 1978). Apparently, non-aggressive
males are better in inhibiting their actions when
required.
These experiments all demonstrate different aspects
of behavioural flexibility. It is important to note that
these aspects of behavioural flexibility all seem to be
correlated with the individual level of aggression,
suggesting that behavioural flexibility can be considered as a rather fundamental and presumably
stable component of the coping style dimension. It
might also explain the consistency of individual behaviour across different contexts. A reduced capacity of
behavioural inhibition will not only affect the way an
Phil. Trans. R. Soc. B (2010)
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animal deals with its social environment but also how
it deals with food shortage. The proactive animal
acts primarily on the basis of previous experience
(feed-forward control), which is fast but may be inaccurate. The reactive coping animal tends to rely more
on the detailed information available in the environment, which may take time to acquire but is
probably more accurate information on current
environmental conditions. This fundamental difference in behavioural control may also relate to the
adaptive nature of the two coping styles. A proactive
coping animal may be adapted to stable environmental
conditions, whereas the reactive coping style may do
better under variable and unpredictable environmental
conditions. Although it is intriguing to notice that the
above-mentioned experimental paradigms developed
in behavioural neuroscience are reminiscent of the
paradigms used to measure optimal foraging in behavioural ecology (Shapiro et al. 2008), these predictions
have hardly been tested under more natural conditions. In the great tit model, food availability in the
field was found to be a major determinant in the differential survival of fast- and slow-exploring animals
(Dingemanse et al. 2004). In a recent field experiment,
van Overveld & Matthysen (2010) showed that fastexploring juvenile tits more rapidly invaded new food
resources than slow-exploring birds after a sudden
drop in food availability, consistent with our thesis.
Clearly, this topic needs a much more elaborate
experimental approach using carefully characterized
animals that preferably vary along only one dimension
of personality.

3. CAUSAL MECHANISMS
As argued above, the dimensions of personality are
likely to reflect individual variation in the pattern of
activity of underlying causal physiological mechanisms. We feel that the terminology used to describe
the dimensions of animal personalities should somehow be consistent with the behavioural control
function of the underlying brain structures. Moreover,
a careful analysis of the key components of these proximate mechanisms is not only essential for an
evidence-based candidate gene approach of animal
personalities, but also important in unravelling variable trait characteristics that might be subjected to
selection pressure.
Many studies have considered neuroendocrine parameters as part of such a common causal mechanism
for behavioural syndromes. For example, the shy
individual is usually considered to be characterized
by a high reactivity of the hypothalamus – pituitary –
adrenocortical (HPA) axis. However, in view of the
multidimensional nature of behavioural syndromes as
discussed above, one has to ask the question how
neuroendocrine mechanisms relate to these dimensions. This has been discussed in a recent review for
the HPA axis, the sympathetic adrenomedullary
(SAM) system and the hypothalamus – pituitary–
gonadal (HPG) system (Koolhaas et al. 2010).
There, it is argued that, with the exception of the
HPG axis, it is unlikely that there is a direct causal
relationship between these neuroendocrine systems
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Figure 1. Overview of the main brain structures and their connections involved in (a) aggressive behaviour and their serotonergic input from the dorsal raphe and (b) dopaminergic input from the ventral tegmental area. AMYG, amygdala; AVP, arginine
vasopressin; cp, caudate putamen; DRN, dorsal raphe nucleus; HAA, hypothalamic attack area; hpc, hippocampus; LS, lateral
septum; MRN, medial raphe nucleus; NAcc, nucleus accumbens; ob, olfactory bulb; PAG, periaqueductal grey; PFC, prefrontal
cortex; pit, pituitary; SNR, substantia nigra; thal, thalamus; VP, ventral pallidum; VTA, ventral tegmental area.

and the coping style dimension. In other words,
neither corticosteroids nor plasma catecholamines
determine the qualitative type of behavioural response
to a challenge. It is more likely that the activity of these
neuroendocrine systems reflects individual variation at
the emotionality axis. However, it is important to
notice that both the HPA axis and the SAM system
have an important function in the metabolic support
of behaviour as well. Therefore, it cannot be excluded
that the magnitude of these physiological responses
may be a direct consequence of differences in the physical activity. Consequently, one has to consider the
possibility that the correlations between behavioural
syndromes and neuroendocrine stress reactivity are
secondary to the individual differences in the
behavioural activity (Koolhaas et al. 2010).
The brain circuitry that has been associated with
various personality dimensions is depicted in
figure 1. The amygdala, hypothalamus and
periaqueductal grey are mainly involved in the
emotional reactivity of the organism. The neuronal
network involved in behavioural flexibility involves
the prefrontal cortex (PFC), the nucleus accumbens
(NAcc) and their dopaminergic and serotonergic
input. It is beyond the scope of this paper to review
the available literature on the function of this circuitry
in behaviour in detail. A more extensive review of the
role of this circuitry in cue dependency of behaviour,
habit formation and behavioural flexibility is given by
Phil. Trans. R. Soc. B (2010)

Everitt & Robbins (2005). Here, we will focus on the
question to what extent individual variation in behaviour on the coping style axis is related to variation in
(components of) this latter neuronal circuitry.

(a) Prefrontal cortex and behavioural flexibility
Several of the tasks used to measure behavioural flexibility in rodents are derived from tests of PFC
functioning. In general, the PFC has been associated
with both aggressive behaviour (Blair 2004; Siever
2008) and various aspects of behavioural flexibility
such as impulsive action and impulsive choice
(Dalley et al. 2008). Similarly in birds, the nidopallium, which is considered the avian homologue of
the mammalian PFC, has an important function in
choice behaviour and optimal foraging (Matsushima
et al. 2008). In mammals, the PFC can be divided
into several sub-regions, each with a somewhat
different function in the control of behaviour. Its involvement in aggressive behaviour seems to be secondary
to its primary role in behavioural inhibition, decisionmaking, working memory and planning of behaviour
(Dalley et al. 2004). Lesions of the orbital PFC in
rats induced an increase in impulsive behaviour as
measured by a reduced performance in a delayed
reinforcement task and a preference for smaller and
more immediate reward (Mobini et al. 2002). In view
of the current discussion on proximate mechanisms
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of coping styles, we will now consider the question to
what extent individual variation in behaviour is
reflected in variation at the level of the PFC.
The PFC receives important input from the evolutionary ancient neurotransmitter system serotonin
originating in the dorsal raphe nucleus (figure 1a).
Throughout the animal kingdom, serotonin is involved
in the regulation of aggression (Kravitz 2000; Kravitz &
Huber 2003; Miczek et al. 2007) and seems to have an
evolutionarily well-conserved function in behavioural
flexibility as well (Kravitz 2000; Evers et al. 2007).
The serotonergic input of the PFC plays a causal role
in the individual variation in both aggression and behavioural flexibility. Low levels of serotonin in the PFC
have been associated with both aggression and impulsive behaviour at the level of the PFC (van Erp &
Miczek 2000; De Boer et al. 2003; Winstanley et al.
2006; Caramaschi et al. 2007; Miczek et al. 2007).
Several studies show that proactive and reactive
coping rats and mice differ in the serotonergic input
of the PFC. Rats with extensive experience of aggressive
behaviour have lower levels of release of serotonin
(5-hydroxytryptamine; 5-HT) in the PFC (van Erp &
Miczek 2000; De Boer et al. 2003; Ferrari et al. 2003;
Caramaschi et al. 2007; Miczek et al. 2007). Similarly,
aggressive mice strains have significantly lower levels
of 5-HT and its metabolite 5-hydroxyindoleacetic acid
(5-HIAA) in the PFC (Caramaschi et al. 2007).
A decrease in serotonergic function has also been
implicated in impulsive action in various paradigms
of impulsivity in both humans and rodents (Roberts
et al. 1994; Fletcher 1995; Harrison et al. 1997;
Crean et al. 2002; Homberg et al. 2007). In the fivechoice serial reaction time task (5-CSRTT), a task
that has been developed to test for the inhibitory control of behaviour, 5-HT depletion has been found to
increase premature responding (Harrison et al.
1997). In addition, administration of the 5-HT releasing agent d-fenfluramine has been shown to decrease
premature responding in the 5-CSRTT (Carli &
Samanin 1992). The role of serotonin in behavioural
inhibition is confirmed by the behavioural disinhibition induced by 5-HT lesions of the raphe nuclei in
rats using a selective neurotoxin (Fletcher 1995). In
serotonin transporter (SERT) knockout rats, a
continuously enhanced level of PFC serotonin is
associated with reduced aggression as measured in a
resident – intruder paradigm. SERT knockout rats
also show improved inhibitory control in a
5-CSRTT, but unchanged behavioural flexibility
investigated in a reversal learning task (Homberg
et al. 2007). Control of impulsive choice and action
(behavioural inhibition) seems to be mediated by the
medial PFC, because a delay-discounting paradigm
enhances 5-HT efflux in the medial PFC but not in
the orbital PFC (Winstanley et al. 2006).
Taken together, brain serotonin is causally involved
in both aggression and behavioural flexibility. Individual variation in the serotonergic input to the medial
PFC may explain the correlated individual variation
in the coping style dimension. This is consistent with
the hamster studies in an operant conditioning
paradigm by Cervantes & Delville (2007, 2009)
mentioned before in which aggressive hamsters had
Phil. Trans. R. Soc. B (2010)
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less 5-HT innervation of the PFC and were more
impulsive than their non-aggressive counterparts.
(b) Mesolimbic dopamine system
and reward processing
The fact that aggressive hamsters prefer an immediate
small reward over a delayed large reward indicates that
individuals may differ in the processing of rewardrelated cues (Cervantes & Delville 2009). The
mesolimbic dopamine system has an important role
in the processing of natural rewards. This system has
its cell bodies in the ventral tegmental area and innervates not only the NAcc, but also the PFC (figure 1b).
This circuit is extensively studied for its involvement in
natural reward processing and the development of
drug addiction (Kelley & Berridge 2002). Several
studies show that individual variation in coping with
environmental challenges is related to differences at
the level of this mesolimbic dopamine system. For
example, in the Roman rat lines, the density of dopamine D1 receptors and D3 receptor binding in the
NAcc is consistently higher in RHA than in RLA
rats (Guitart-Masip et al. 2006; Giorgi et al. 2007).
Furthermore, RHA rats show remarkable behavioural
and neurochemical responses to the acute administration of morphine and psychostimulants (Corda
et al. 2005; Giorgi et al. 2007) and are more susceptible, compared with RLA rats, to the reinforcing
properties of cocaine (Fattore et al. 2009). An extensive clinical and preclinical literature shows that
impulsivity appears to be a major vulnerability factor
in the development of substance abuse (de Wit
2009). With regard to the argument of the present
paper, these data support the view that individual
differences in reward processing and the underlying
neurobiology are important components of animal personality and behavioural flexibility that might explain
the consistency of individual trait characteristics across
contexts.
4. CONCLUDING REMARKS
The present paper argues that the behavioural
expression of different coping styles, animal personalities or behavioural syndromes should be related to
individual variation in the underlying causal neurobiological mechanisms. Behavioural flexibility seems to be
an important underlying component of a coping style
that might explain consistency of individual differentiation across a wide variety of behaviours. Indeed,
the lower flexibility observed in proactive coping
animals as a reduced behavioural inhibition does
explain not only short attack latencies in an aggressive
interaction or an escape situation, but also the choice
for immediate small rewards in a food-related situation. Behavioural flexibility seems to relate to the
degree to which behaviour is guided by environmental
input. The proactive individual behaves mainly on
the basis of internally organized predictions, which is
fast but can be inaccurate. At the same time, behavioural flexibility includes aspects of behavioural
inhibition.
The medial PFC has a key role in the neuronal network involved in behavioural flexibility and planning of
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behaviour in time. An increasing number of studies
show individual differentiation in the pattern of activation of the various components of this neuronal
network in relation to phenotypic differences in behavioural flexibility. The functional differentiation in
dopaminergic and serotonergic input of the PFC as
discussed above is a prerequisite for a candidate gene
approach of these two neurotransmitter systems.
Indeed, several studies show that this might be a promising avenue. For example, polymorphisms in the
promoter region of the SERT gene have been associated both with a functional change in the transporter
capacity and with individual variation in aggression
and personality in humans and in rhesus monkeys
(Lesch & Merschdorf 2000; Suomi 2006). Similarly,
a single nucleotide polymorphism in the gene coding
for the dopamine-4 receptor has been associated
with individual variation in novelty seeking and behavioural inhibition in humans and animals (Savitz &
Ramesar 2004; Munafo et al. 2008; Korsten et al.
2010). However, the nature of such a differentiation
in neurobiology and underlying genetics in terms of
independent dimensions of individual variation as discussed above has hardly been addressed. This would
require an experimental approach of the question
whether a manipulation in a certain component of
the network affects behavioural characteristics of one
dimension without affecting the characteristics of
other dimensions. Such information is important to
understand in more detail the individual behavioural
characteristics that might be subjected to selection
pressures.
Finally, it is tempting to consider the possibility that
behavioural flexibility is a prerequisite for phenotypic
plasticity at the within-individual level. Studies aimed
at understanding individual stress vulnerability show
that the behavioural flexible, reactive coping mouse
shows the strongest stress-induced changes at the
level of behaviour, neuroendocrinology and neurobiology (Veenema et al. 2004). These changes have
often been interpreted as signs of stress-induced pathology. However, these changes might just as well reflect
the behavioural and physiological underpinning of individual adaptation. This line of reasoning suggests indeed
that high behavioural flexibility is associated with a high
capacity to adapt to a changing environment.
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