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Chapter 7

Personality Traits and Behaviour
Sergey Budaev and Culum Brown

7.1

Introduction

Individual differences in animal behaviour have been attracting the interest of researchers at
least from the time of Darwin (Slater 1981; Caro & Bateson 1986; Clark & Ehlinger 1987;
Sih et al. 2004; Réale et al. 2007). Such an interest is justified because individual differences
represent the raw material of natural selection and evolution, the main cornerstone of modern
biology. Furthermore, the individual is, after all, the main unit of selection (Maynard Smith
1982).
Within-population variation in alternative mating strategies, foraging tactics and other
observed behaviours are now widely accepted in behavioural and ecological literature.
Recent investigations, however, have revealed individual differences in behavioural traits
that are consistent over time and across situations. Often, such variability cannot be easily
described using observable behaviour and involves inference and interpretation in terms of
internal physiological or psychological mechanisms such as fearfulness or aggressiveness.
Essentially, such variation represents an analogue of human personality. Some people may
accept personality in ‘higher’ animals such as primates or even in dogs, but seem to deny it
in ‘lower’ species (such as fish) due to the underlying fear of anthropomorphism. Ironically,
this is an example of anthropocentric thinking in terms of a ‘Scala Naturae’, which has
long since been discredited (Hodos & Campbell 1991). Personality traits have now been
identified in a variety of animals and in fact are actively manipulated by people working
closely with them (e.g. police horses, guide dogs and domestic animals generally). A metaanalysis of the available animal literature suggests that about 35% of behavioural variability
of single behavioural patterns can be ascribed to individuals (Bell et al. 2009). While there
is still debate about the degree to which individual differences in behaviour are consistent
across different situations (see Wilson et al. 1994; Coleman & Wilson 1998; Bell 2005;
Wilson & Stevens 2005; Dingemanse et al. 2007), there is no doubt that consistency of
behaviour exists within many situations.
Fishes have rapidly become one of the most widely studied animals with respect to personality largely because of the utility of housing and breeding them in the laboratory, but
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also because they can be collected from a wide variety of habitats making them particularly
amenable to evolutionary research (Magurran 1993; Wilson et al. 1994; Coleman & Wilson
1998; Budaev & Zworykin 2002). Substantial differences between conspecifics have been
found in feeding, defensive, sexual, and other behaviours (see reviews by Ringler 1983;
Magurran 1993; Budaev & Zworykin 2002). Individual fish substantially differ even within a
shoal (Helfman 1984; Magurran 1993; Pitcher & Parrish 1993; Ward et al. 2004; Leblond &
Reebs 2006), which has for a long time been considered the most homogeneous social structure in fishes (Radakov 1972). Even the classical example of many ethological textbooks,
the stereotypic response of male three-spined sticklebacks (Gasterosteus aculeatus) to the
red belly of an opponent is very pronounced in some individuals but absent in others: it is
so variable that the classical concept of innate releasing mechanisms (sign stimuli) can be
questioned (Rowland 1982; Baerends 1985; Bolyard & Rowland 1996).
Niko Tinbergen, in his classical work ‘On the aims and methods of ethology’ (Tinbergen
1963), outlined four questions that are fundamental for our understanding of any behaviour:
(1)
(2)
(3)
(4)

Causation: What is the cause of the behaviour in question?
Function: What is its survival value?
Ontogeny: How does it develop?
Evolution: How did it evolve?

These questions can also be asked about individual differences in behaviour as well as
behaviour itself.
There is one important aspect of Tinbergen’s classical paper that has largely been overlooked in modern interpretations. Tinbergen starts his seminal paper with a section entitled
‘Observation and description’, pointing to the importance of observation in tackling the
unexplored world of natural behavioural patterns and the analysis of the whole landscape
of behaviour. He warns against a tendency to skip this preliminary ‘inductive’ stage, which
would easily result in losing touch with natural phenomena. Thus, analysis of individual
behavioural patterns in isolation from one another may cause us to lose sight of a more
holistic interpretation in which multiple behavioural traits become intercorrelated in various situations. Indeed, not only can an individual’s behavioural patterns and strategies have
proximate and ultimate causes, but so can the correlations and relationships between them.
In this chapter we review recent studies of individual differences in fish behaviour
using this approach. We also provide a general methodological framework for the observation, description and analysis of fish individuality, which is based on the concept of
personality. Such an approach allows the application of concepts and methods developed in
human psychology, where individual differences have been the primary focus over the last
50 years. There is no need to reinvent the wheel in the animal field because human personality psychologists have solved many similar issues. The personality approach is useful
because it allows to analyse generalised behavioural individuality in terms of unobservable
psychological constructs, abstracting across the species and disciplines, thereby providing
a single comparative and evolutionary framework that could potentially benefit behavioural
ecology, evolution and personality psychology. In particular, such a general integrative approach is required if we aim to examine why personality patterns are similar (or dissimilar)
across species and higher taxonomic groups.
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Observation and description of personality

Biologists are accustomed to analysing differences between populations, species and other
biological entities. Here, the basic unit of analysis is character. The concept of character
includes any trait that can vary between species, populations or individuals (Michener &
Sokal 1957; Langlet 1971; Réale et al. 2007). In the context of morphological and physiological variation, characters are rather easy to define and measure. In behavioural studies,
however, this is often not an easy task. The behaviour of each individual depends on both
its motivational state and the immediate environmental stimuli (i.e. context). Even under
controlled experimental conditions it is almost impossible to create identical environment
for all individuals. They often respond differently to identical stimuli due to different experience. For example, exposure to a predator behind a clear partition may be exceptionally
stressful to individuals with personal experience of predation but may simply be a curiosity to predator-naı̈ve individuals (Brown & Warburton 1999). Stochastic behavioural
components represent a further caveat (Cooper & Kaplan 1982; Kaplan & Cooper 1984).
One of the greatest misconceptions regarding animal personalities is the fact that they are
absolutely stable over time or across contexts. At the same time, however, all behavioural
ecologists recognise that behaviour is highly plastic and animals frequently adjust their
behaviour to suit the prevailing conditions. How can these two concepts be reconciled? The
possibility of stable characteristics of personality in a constantly changing behaviour first
appeared in psychology at the beginning of the twentieth century. While many researchers
were happy with the concept of stable personality traits, it also attracted substantial criticism.
Among the most influential critics, Mischel (1973) argued that personality does not really
exist, suggesting that human behaviour is flexible. This personality-flexibility debate has
largely been resolved over the last 40 years (Kenrick & Funder 1988; Fleeson 2004; Funder
2009). It is now accepted that behavioural plasticity and personality traits are not mutually
exclusive, rather both are important in shaping human behaviour. Human behaviour displays enormous flexibility and personality cannot predict every isolated behavioural act or
decision; nonetheless, stable personality traits really do describe and predict trends, typical
ways of acting, and behaviour over longer periods of time (Fleeson 2004).
This general approach of inferring stable individual characteristics from a highly flexible
behaviour can be applied to the study of non-human animal behaviour. Moreover, the
concepts and techniques developed by human personality psychologists over a long period
provide an ideal methodology for the description of the overall general landscape of animal
individuality (see Gosling 2001; Budaev & Zworykin 2002; Réale et al. 2007; Vazire
et al. 2007).

7.2.1

Current terminology

If the basic model describing human personality variation can be applied to animal individuality, what hinders us from using the term personality? Personality, conceived as a
broad domain of behavioural individuality involving the widest range of consistent and
enduring behavioural traits can be legitimately applied to a wide range of species. It does
not necessarily involve emotions or advanced cognitive ability. Theoretically, personality
can even be applied to bacteria.
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Apart from applied research (Seaman et al. 2002; Svartberg 2002), application of the
term personality to animals has been hampered by a widespread fear of anthropomorphism.
Such a fear is largely unfounded, however, if animal personality is defined in descriptive,
functional and motivational terms. Furthermore, when studying complex behaviour, some
degree of frank anthropomorphism is inevitable (Dennet 1983). The best classical example is provided by Hebb (1946). When various behaviours were objectively recorded in
chimpanzees, the resulting long list was virtually futile in predicting their behaviour: ‘All
that resulted was an almost endless series of specific acts in which no order or meaning
could be found.’ In contrast, more subjective anthropomorphic descriptions like ‘aggressive’ provided ‘an intelligible and practical guide to behavior’, which could be efficiently
used even by persons inexperienced with the animals. In a similar vein, Konrad Lorenz, in
his Nobel lecture, writes: ‘When we speak of falling in love, of friendship, personal enmity,
or jealousy in these or other animals, we are not guilty of anthropomorphism. These terms
refer to functionally determined concepts . . .’ (Lorenz 1974).
To escape accusations in anthropomorphism, researchers tried to avoid personality by
using a variety of presumably more ‘objective’ constructs like shyness–boldness (Wilson
et al. 1994), behavioural syndrome (Sih et al. 2004), behavioural profile (Budaev et al.
1999a) or temperament (Francis 1990; Réale et al. 2007) and coping style (Huntingford
et al. 2010). This had another unfortunate consequence, namely that the literature on
individual differences in animal behaviour has quickly become fragmented. It is necessary, therefore, to create a framework which reunites the various concepts adopted.
Here we briefly summarise the terminology commonly used in the animal personality
literature.
7.2.1.1

Shyness–boldness

A variety of related concepts have been used to describe individual differences in behaviour
that are consistent over time and across situations. Wilson et al. (1994) proposed that the
shy–bold continuum – the propensity to take risks – is a fundamental axis of behavioural
variation in various species. The concept of boldness has been frequently applied to fishes.
For example, Wilson et al. (1993) used it to describe individual differences in risk taking in
the pumpkinseed sunfish, Lepomis gibbosus. In this study, the shyness–boldness trait was
measured as a propensity to approach a novel object such as a minnow trap and a measuring
stick. The position of individuals on the shy–bold continuum was consistent, predicting
diet, acclimation to the laboratory, habitat utilisation and parasite fauna.
The shyness–boldness continuum has been used in many subsequent studies. The tests
and experiments used to measure boldness also varied substantially (Table 7.1). For example, researchers used empty novel environments (open field; higher locomotion indicative
of boldness), novel objects, predator inspection (approach to predator or a novel object
involves boldness), foraging in presence of a predator, latency to emerge into a novel environment from cover, time spent in open habitats and so on. In many studies, fishes behaved
consistently when tested repeatedly over time and across situations (e.g. Huntingford 1976;
Brick & Jakobsson 2002; Ward et al. 2004; Brown et al. 2007a; Wilson & Godin 2009),
although this was not always the case (Coleman & Wilson 1998; Wilson & Stevens 2005;
Dingemanse et al. 2007).
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Table 7.1 A list of ‘boldness’ measures in fishes utilised by a range of authors.
Reference

Measure

Species

Brown et al. (2007a)

Novel object inspection

Brachyraphis episcopi

Brown et al. (2007a, 2007b)

Open field

B. episcopi

Brown & Braithwaite (2004)
and Brown et al. (2005a)

Latency to emerge from cover

B. episcopi

Bell & Stamps (2004)

Open field

Gasterosteus aculeatus

Bell & Stamps (2004) and Bell
(2005)

Foraging under predation risk

G. aculeatus

Azuma et al. (2005)

Recovery from fright

Oncorhynchus mykiss

Brick & Jakobsson (2002)

Tendency to inspect mirror
image

Nannacara anomala

Budaev (1997a)

Open field

Symphodus ocellatus

Budaev (1997b)

Open field

Poecilia reticulata

Budaev et al. (1999a)

Tendency to inspect novel fish

Steatocranus casaurius

Budaev et al. (1999a)

Open field

S. casaurius

Budaev et al. (1999b)

Open field

Cichlasoma nigrofasciatum

Budaev et al. (1999b)

Tendency to inspect novel fish

C. nigrofasciatum

Coleman & Wilson (1998)

Response to threatening
stimuli

Lepomis gibbosus

Coleman & Wilson (1998)

Response to novel food source

L. gibbosus

Dugatkin & Alfieri (2003)

Predator inspection

P. reticulata

Dugatkin et al. (2005)

Predator inspection

Danio rerio

Fraser et al. (2001)

Tendency to cross open habitat

Rivulus hartii

Godin & Davis (1995)

Predator inspection

P. reticulata

Godin & Dugatkin (1996)

Predator inspection

P. reticulata

Huntingford (1976)

Response to predatory attack

G. aculeatus

Johnsson et al. (2001)

Response to predatory attack

Salmo trutta

Magnhagen & Staffan (2005)
and Magnhagen (2006)

Foraging under predation
threat

Perca fluviatilis

Schjolden et al. (2005)

Response to novel object

Oncorhynchus mykiss

Shaklee (1963)

Response to predators

Multiple species

Sneddon (2003)

Time spent in the open habitat

O. mykiss

Staffan et al. (2005)

Time spent in the open habitat

P. fluvitilis

Sundstrom et al. (2004)

Response to novel object

S. trutta

Ward et al. (2004)

Foraging under predation risk

G. aculeatus

Westerberg et al. (2004)

Time spent in the open habitat

P. fluvitilis

Wilson & Stevens (2005)

Latency to forage, pass
through a net, feed under
predation threat and open field

O. mykiss

Wilson et al. (1993)

Inspection of novel object;
Open field

L. gibbosus

Wright et al. (2003, 2006)

Inspection of novel object

D. rerio

Yoshida et al. (2005)

Open field

L. macrochirus, Carassius
langsdorfii, C. auratus
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Coping styles

Another concept frequently used to investigate individual differences in fish behaviour is
coping styles or strategies, which often represent bimodal clusters of individuals with a
number of similar behavioural traits rather than continuously distributed traits or dimensions (Budaev 1997a; Brelin et al. 2005; Øverli et al. 2007). Two alternative coping styles
are frequently distinguished: proactive and reactive (Benus et al. 1991; Koolhaas et al.
1999; Øverli et al. 2007). Proactive individuals are more active, aggressive, bold, tend to
form inflexible routines and hence learn more slowly about small changes in the environment. When presented with novel stimuli, they explore them quickly and superficially.
Reactive individuals, in contrast, are shyer, non-aggressive, more sensitive to environmental
changes, explore novel stimuli slowly and thoroughly and tend to adapt to the situational
demands.

7.2.1.3

Behavioural syndromes

The third concept frequently implicated in the study of animal personality is behavioural
syndrome: a suite of correlated behaviours that are expressed either within a given context
or across contexts (e.g. correlations between activity levels, boldness and aggression in
foraging and antipredator contexts) (Sih et al. 2004). Sih et al. pointed to a few behavioural
syndromes that may be of particular importance: the aggression syndrome, activity syndrome, boldness, fearfulness and reactivity. In this approach, correlations between different
contexts and across different types of behaviour are most interesting because they could
generate trade-offs between contexts or behavioural traits and thereby may play an important role in the evolution of behaviour. The primary value of the syndrome approach,
therefore, is that it recognises that various behavioural traits may be correlated, potentially
providing constraints on behavioural flexibility. The approach also helps explain why some
behavioural traits appear maladaptive in some contexts. For example, a highly aggressive
individual may be a very successful forager, but may incidentally attack potential mates.
When considering mating behaviour in isolation, a high level of aggressiveness may seem
to be maladaptive.

7.2.2

Objectivity

A further problem with previous research on animal personality is that instead of carefully exploring the whole landscape of behavioural individuality, many researchers start
by concentrating on a limited set of specific behavioural patterns, domains of situations or
behaviours. Often, to gain more objectivity, the researcher provides a very specific (and
narrow) definition for the individual trait under the study and then proceeds in developing methods to measure it. While there is nothing wrong with deductive hypothesis-led
research, hasting from the first descriptive step is a potentially dangerous deviation from
the ethological paradigm, which historically led certain areas of psychology to lose touch
with the real phenomena due to loss of context (Tinbergen 1963). Such a danger can be
illustrated by analysing boldness. Boldness was originally defined as a propensity to take
risks (Wilson et al. 1994; Wilson 1998) and experimentally operationalised as an approach
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to, or avoidance of, novel objects. However, the above definition of boldness could include
virtually any behaviour. For example, locomotion is almost always risky because it would
allow a potential predator to detect and discover the individual. Aggression is risky because
it could result in physical injury and reduced attention to an approaching predator. Does it
mean that all and any behaviour can be subsumed under the concept of boldness?
The second potential problem is more subtle: when the overall personality landscape is
obscure, it is easy to confuse different underlying traits. Imagine there are two independent
personality traits based on different neurophysiological, hormonal or cognitive mechanisms:
(1) fearfulness-reactivity and (2) curiosity. Some individuals could display behaviours
indicative of heightened fear in a range of situations; also individuals could be either
curious or uninquisitive in different contexts. Now imagine a researcher who decided to
study ‘boldness’ operationalised as the propensity to take risks. The researcher developed
two tests for boldness measuring an approach response to the stimulus, one involving a
dangerous stimulus (e.g. sight of a predator) and another, involving novel object. It is likely
that the first test would involve fearfulness-reactivity whereas the second, curiosity. For
our blindly operationalist researcher, however, boldness just turns out to be non-existent
because different tests presumed to measure boldness fail to detect any correlation! If each
of these two kinds of boldness turns out to be consistent over time, however, the researcher
may decide that boldness is domain- or situation-specific.
The concept of behavioural syndrome may potentially have similar problems. Studies of
behavioural syndromes often start from a hypothesis specifying the traits being correlated
(e.g. boldness and aggression), whereas other possible relationships may be overlooked.
Again, behavioural patterns that the researcher presumes to measure ‘aggression’ in two
situations may in fact reflect different behavioural dimensions, motivational, cognitive and
emotional mechanisms (e.g. aggression in one context but fear in another). On the other
hand, it is possible that suites of traits correlate and form behavioural syndromes at two
stages of the ontogeny (or just at two different moments of time) with little correlation
across time.
Some studies have found correlations between activity and boldness (Fraser et al. 2001;
Dingemanse et al. 2007; Moretz et al. 2007). However, closer examination of many of these
studies reveals that the correlation between personality traits may simply be a reflection of
the techniques and methods employed. Fishes that are highly active, for example, are more
likely to spend more time exploring a novel object, a novel environment or in risky locations
simply because they are more likely, by chance alone, to score highly in these traits. In
other words, the tests of each personality trait (boldness and activity) may not be measured
independently. Indeed, activity levels are better quantified in a non-experimental context,
such as the home aquaria, than in a novel experimental arena because the latter is a standard
test for boldness (open field test; Crabbe et al. 1999; Brown et al. 2007a). Furthermore,
analysis of partial correlations may be very helpful in controlling the moderating effect of
locomotion on subtle behavioural differences (see Budaev & Andrew 2009a).
Thus, studying animal personality inevitably involves certain psychological concepts
that may be considered anthropomorphic. Avoiding anthropomorphism by using deliberately blind operational constructs may lead to even more serious problems. The putatively
‘objective’ labels applied to behavioural traits are often uninformative and at worst misleading with respect to their underlying mechanisms. It is hardly possible to completely
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avoid descriptive labels with a degree of subjective connotation. However, the concept of
construct validity could be instrumental in minimising interpretational anthropomorphism.

7.2.3

Labelling personality traits; construct validity

Once a measure of personality is obtained, its interpretation is often non-trivial. The descriptive label attached to such a measure must correspond to a particular theoretical concept.
For example, if a trait is interpreted as fearfulness, the researcher must provide evidence
that it is closely linked with fear (an emotional and/or motivational construct), if it is interpreted as curiosity, there must be evidence that it is linked with a predisposition to obtain
novel information. In more formal terms, validity is ‘the degree to which the test actually
measures what it purports to measure’ (Anastasi & Urbina 1997). The theoretical construct must specify concepts with which it is related (convergent validity) as well as those
with which it is not related (discriminant validity) (Cronbach & Meehl 1955; Anastasi &
Urbina 1997). The most popular approach to assess convergent and discriminant validity
is the multitrait–multimethod matrix (Campbell & Fiske 1959). As its name suggests, this
method involves correlation or factor analysis of a data matrix including several alternative measures of the construct under the study together with unrelated constructs. Then,
convergent validity involves correlations between different measures of the same construct
(ideally high) while discriminant validity involves correlations between measures of dissimilar constructs (ideally low). For example, in case of curiosity, convergent validity may
require high correlations between tests involving responses to novel environment, novel
object and novel food. Discriminant validity may involve the absence of high correlation
between the tests for novelty and tangential measures such as locomotion or social tendency.
In the field of animal behaviour, various experimental procedures and manipulations can
be used to assess the validity of personality tests.
Construct validity is rarely addressed in the animal personality field. Typically, the
investigator chooses the tests and measures of personality traits and ascribes descriptive and
interpretative labels to them arbitrarily (like boldness, fearfulness, exploration, sociability,
etc.), based on whether they just appear persuasive. An exception in fish research where
both convergent and discriminant validities were appropriately shown is the recent study by
Burns (2008). In this study, scores the guppies Poecilia reticulata obtained in different open
field tests correlated with emergence tests (convergent validity). Also, activity scores did
not correlate with open field or emergence test behaviours (discriminant validity). While
ecological validity of tests and stimuli (dictating that they should be compatible with the
natural environment and behavioural repertoire of the species, see Tinbergen 1963; Lorenz
1974) is often an important concern in animal behaviour and personality research (Réale
et al. 2007), construct validity of tests that measure unobservable personality constructs is
also crucial.

7.2.4

Objective and subjective measurements of personality

Even though behavioural consistency may seem a simple concept, measurement of consistent personality traits is usually a difficult task. First, such traits cannot be observed and
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measured directly and must be inferred from multiple measures. Second, the same trait
may be measured in a number of ways, using different tests. Furthermore, a single behavioural test may measure several different personality traits simultaneously. Two general
approaches have been used to assess personality in animals that avoid these issues: (1) objective behavioural measurements and (2) subjective trait assessment by human observers
using rating scales.
The objective behavioural measurement method involves testing an animal in one or
several tests (i.e. a test battery). A variety of behavioural measures could be recorded in
each of these tests: latencies, durations and frequencies of various behaviours, locomotion
scores and so on. A single measure or a combination of measures is then used to describe
personality. For example, latency to approach a novel object is frequently used to measure
boldness (Table 7.1). In the best scenario, several measures should be combined using
the principal component or factor analysis or even just summed with unit weights. This
approach is the one most commonly adopted by behavioural ecologists.
In the subjective assessment method, one or more human observers rate their impressions of the animals using a set of adjectives or other similar descriptions. The observer
ascribes quantities to the expression of the trait, which may be either binary (present/absent)
or numeric (e.g. 1 for the lowest expression to 5 for the highest expression). For example,
a personality assay of spotted hyenas (Crocuta crocuta) used by Gosling (1998) included
numerous descriptive expressions like: ‘Bold, brave, not shy: Behaves in a positive, assured
manner. Exhibits courage in the face of danger. Is daring, not restrained or tentative. Not
timid, shy, or coy.’ (Gosling 1998, p. 117). To date, only the objective behavioural measurement method has been used to describe personality in fishes. Most studies of personality in
primates (e.g. Stevenson-Hinde et al. 1980; King & Figueredo 1997; Capitanio 1999; King
et al. 2005), and some studies of dogs (Gosling et al. 2003) and birds (Figueredo et al.
1995) used rating scales.
Many scientists would argue that the ‘objective’ nature of behavioural measurement
would make them superior over the subjective rating scales. However, this is not necessarily
true. First, a significant amount of subjectivity is involved in the ‘objective’ methods for
personality assessment: the choice of tests, procedures, selection of measures to record
and analyse, etc. Second, whereas subjective ratings are based on a generalised perception
of personality over many occasions, situations and observations, each of the objective
measures is scored in a single context and, therefore, reflects a very significant contextdependent component. Most researchers do not think it essential to describe the protocol
used (e.g. how many observers coded behaviour, were they experienced or undergraduate
assistants, whether and how they were trained, etc., see Vazire et al. 2007) because objective
behavioural measures are usually considered infallible.
Reliability and stability of objective measures are usually rather low. However, the statistical power is significantly reduced with diminishing reliability of measurement. When
single behavioural measures are used as a proxy for personality traits, large sample size
is often necessary to detect moderate consistencies across situations, even when the measures are relatively reliable. Unfortunately, few researchers studying animal personality ever
care about reliability. The average sample size used in studies of behavioural replicability
was 39 (Bell et al. 2009), which is considered a relatively large number of subjects in
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behavioural research. With such a sample size, however, the minimum correlation coefficient detectable with the power 0.8 at α = 0.05 is 0.43. But this minimum detectable correlation increases to 0.55 when the reliability of the measures equals to 0.8 and to 0.73 when
the reliability is 0.6. Behavioural correlations across situations are rarely that strong and
will remain undetected if the sample size is not very large and the measures are not perfectly
reliable.
Personality describes global individual differences, overall trends and predispositions
that generalise across observations, measures and contexts. Therefore, single behavioural
measurements are often too poor an approach for measuring personality. We argue that
many reports that failed to find significant cross-situational consistency in fish boldness
and behavioural syndromes (e.g. Wilson et al. 1994; Coleman & Wilson 1998; Bell 2005;
Wilson & Stevens 2005; Dingemanse et al. 2007) may have been unable to do so because
they used isolated behavioural measures with low reliability. Indeed, many studies of
boldness and behavioural syndromes used only one or two measures of these behavioural
constructs.
To improve the reliability and relevance of personality measurement, psychologists often
aggregate behavioural measures over time, situation, observers, etc. Such data aggregation
reduces unstable situationally specific behavioural components, improves reliability and
increases correlation coefficients measuring consistency (for more discussion, see Epstein
1983; Rushton et al. 1983; Funder 1995; Pruessner et al. 1997). A similar aggregation
approach has been used in studies of personality in rats (Ossenkopp & Mazmanian 1985)
and fishes (Budaev 1997a). However, sometimes multiple testing of the same individuals
may also be difficult or even impossible; in addition to being costly and time-consuming, it
may involve habituation, learning, high stress, and other undesirable effects.
It has been shown that, when carefully designed, subjective rating scales have high
inter-rater agreement, do not reflect anthropomorphic projections and usually agree with
objective behavioural measurements (Vazire et al. 2007; Uher & Asendorpf 2008).
However, subtle human cognitive biases cannot be ruled out. For example, humans can
have specific adaptive cognitive mechanisms for rapid assessment of the human personality. The assessors could then match strangers, animals and even inanimate objects with a set
of hardwired cognitive personality templates. Because the templates are species specific,
they will not result in disagreement across observers so that subjectivity would not be easily noticed. This becomes increasingly problematic as we move further away from species
closely related to ourselves (e.g. primates) towards the taxa with intuitively less familiar
behaviour (e.g. fishes and invertebrates).
Thus, while isolated behavioural measures are usually too poor an instrument for assessing animal personality, aggregation of many measures would improve personality assessment. Furthermore, subjective rating-bases assessment sometimes provides the most
efficient (in terms of time and cost) approach to measure personality. Although human
observers are likely to find it more difficult to rate fishes on subjective scales, such scales
could still be used in studies of fish personality. When applied to measure personality in
fishes, subjective rating scales should be validated using objective behavioural measures
in the first instance. Ideally, if a smaller sample experiment using both objective measures
and rating scales can be designed, then rating scale assessment could be used for rapid
assessment of personality of a larger sample of fish.
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Modern terminology and statistical approaches

In order to appreciate the fact that animal personality traits are not incompatible with
behavioural plasticity, it is important to adopt terminology developed in the human personality literature and apply modern statistical analyses. Two different aspects of stability
are usually distinguished in psychology (Eysenck 1970; Eysenck and Eysenck 1985): (1)
‘stability’ and (2) ‘consistency’. Stability usually means that the absolute level of the behaviour in question does not change. Consistency, on the other hand, refers to predictability
(or correlations) during repeated measurement of the same individuals in the same situation
or across various situations (Nunnally 1967; Ozer 1986; Réale et al. 2007). For example, an
individual exhibiting higher level of aggressiveness than other individuals in one situation
could also be more aggressive than others in another situation even if the absolute level
of aggression measured for that individual changes from one situation to the next. Thus,
the concept of stability involves the absolute value of a particular behavioural measure
whereas consistency involves correlations and relative values within a population of individuals. The level of variability is another concept independent of the first two. Variability
involves behavioural scatter in one situation relative to another situation. In effect, the
behaviour can be situation-specific while individual differences are consistent. Further, the
behaviour can be extremely variable in some situations while individual differences remain
consistent (Fig. 7.1).
This model can be reformulated in an ANOVA-like way, which is perhaps more familiar
to biologists. We can consider two sources of variability: (1) ‘individual’ (random factor
because we potentially have an infinite number of ‘random’ individuals) and (2) ‘situation’
(either fixed or random repeated measurement factor). In this way of thinking, consistency
means that the individual factor accounts for a significant proportion of the total variance.
Recently, Dingemanse et al. (2009) have proposed the concept of a behavioural reaction
norm linking individual differences and behavioural plasticity. This approach accounts for
individual behavioural response over an environmental gradient (stimulus value, predation

Fig. 7.1 Stability, consistency and variability in behavioural traits. Here the connected points on the left panel
depict behavioural profiles of four individuals over three situations A, B and C; the right panel presents scatterplots
of correlations between the behaviour scored in these situations. Low average level and high variability of the
behaviour is observed in the situation A, high average level and low variability in the situation B and low average
level and low variability in C. However, individual differences may be consistent (upper panel, strong correlations
between situations) or inconsistent (lower panel, no correlations).
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Fig. 7.2 The concept of behavioural reaction norm linking individual differences and phenotypic plasticity (after
Dingemanse et al. 2009). The behaviour can be measured over multiple environmental gradients (here A and B).
The upper left panel shows consistent individual differences with zero plasticity represented by a collection of
horizontal regression lines (slope = 0). Lower left panel displays consistent individual differences with identical
plasticity described by parallel regression lines with the same slopes. The right-hand panel shows more complicated
patterns involving correlation between elevation and slope, when shy individuals show higher plasticity.

risk, food availability, temperature, etc.). Individual behaviour is described by a linear
regression line linking the response with the environmental condition rather than just the
response value. Two aspects of the regression are then considered: (1) Elevation describing
the average individual level of the behaviour and (2) slope describing individual degree
of plasticity (Fig. 7.2). Linear mixed models (random regression model) can be used to
estimate parameters of the individual responses, link them together (correlate the elevation
and the slope) and with external variables, for example, indicators of fitness.
The main advantage of the reaction norm approach is that it allows us to analyse individual differences and plasticity within the same adaptive framework. However, there are
limitations. A single trait (measure) is usually analysed, making it less appropriate for the
analysis of multivariate personality traits. Individuals are described by linear models requiring multiple measures for reliable parameter estimation (otherwise the standard errors of
individual elevation and slope would be very large). Linearity is also not always a realistic
assumption. While non-linear and multivariate models can be used, they increase complexity enormously. Furthermore, to achieve reasonable statistical power, random regression
models require huge sample sizes (usually N>200, Martin et al. in press).

7.3

Proximate causation

If suites of correlated behavioural traits are observed, a reasonable hypothesis is that
these correlations reflect specific genetic and physiological mechanisms that constrain behavioural variability. For example, genetic correlations could be brought about by pleiotropy
(multiple action of a particular gene to more than one phenotypic trait) or linkage disequilibrium (non-random association of alleles at different loci, e.g., by physical linkage)
(Falconer 1981). The simple existence of a phenotypic correlation could often suggest, not
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necessarily however, that a genetic correlation could also be present between these traits
(Falconer 1981; Cheverud 1988; Bakker 1994; Roff 1996). Several studies explored heritability of personality as well as genetic and phenotypic correlations between personality
traits in humans (Livesley et al. 1998), dogs (Saetre et al. 2006) and birds (van Oers et al.
2004).
Fish personality traits may also have a heritable component. Brown et al. (2007b)
compared boldness scores in laboratory-raised offspring taken from two populations of a
tropical poeciliid fish, Brachyraphis episcopi, with contrasting predation pressures. Fishes
descended from high-predation populations were bolder than those descended from lowpredation population. Furthermore, the differences between the two groups of laboratoryreared fishes were of a similar magnitude as observed in the parental populations. Similarly,
Wright et al. (2003) found differences in boldness in zebrafish, Brachydanio rerio, descendants from four wild populations.
Some studies have attempted to obtain a measure of personality heritability. Bell (2005),
for example, found that heritability estimates of boldness and aggression in two populations
of sticklebacks, G. aculeatus, were rather low (<0.2), indicating that there may be a very
strong selection depleting additive genetic variance or these traits are mostly under an
environmental control. Similarly, Dingemanse et al. (2009) tested sticklebacks originating
from high- and low-predation environments. Some of the fishes were also subjected to
repeated predator experience allowing assessment of the experience effect. In this case,
heritability of personality traits such as novel environment exploration, activity, sociability
and boldness ranged from 0.06 to 0.32 and in most cases was higher in population sympatric
with predators.
The study of personality in fishes is frequently linked with the response to stress.
Individuals that are relatively bold also show attenuated stress responses (Brown et al.
2005b); thus, there may be a link between personality traits and the expression of underlying
hormones such as cortisol. Correlation between boldness and stress responses has been
identified in several species of fishes (Koolhaas et al. 1999; Øverli et al. 2005; Schjolden
et al. 2005). Recent studies have also shown relationships between stress responses and
coping styles in carp (Huntingford et al. 2010). Metabolic rate was significantly higher in
bold than in shy fishes, while expression of the cortisol receptor gene, plasma lactate and
glucose concentrations was lower. Similar relationships between boldness and background
blood cortisol concentrations have been observed in mulloway, Argyrosomus japonicus,
where bold fishes have significantly lower cortisol concentrations than shy fishes (Raoult
et al., in press). Moreover, fish lines selected for high- and low-stress responses differ in
a range of behavioural tests, including dominance and boldness (Øverli et al. 2005). Such
effects often distinguish hatchery-reared and wild fishes (Lepage et al. 2000; Sundström
et al. 2004), which is likely a reflection of the vastly different rearing conditions (Brown &
Day 2002).
A selection programme was conducted on the rainbow trout, O. mykiss, where two lines
of fishes were selectively bred for either high- or low-stress response (high- and low-plasma
cortisol responsiveness, HR, i.e. high-response and LR, i.e. low-response lines). Subsequent
studies indicated that these lines differ in numerous behavioural and physiological characteristics (Øverli et al. 2007). For example, the HR fishes demonstrated stress-induced
anorexia: they did not eat during a stressful experimental period, whereas about 44% of

BLBK374-07

BLBK374-Brown

148

May 13, 2011

17:9

Copyeditor’s Name:

Trim: 244mm X 172mm

Char Count=

Fish Cognition and Behavior

LR fishes ate (Øverli et al. 2002). LR trout were more aggressive and dominant than HR
(Pottinger & Carrick 2001). Learning experiments indicated that LR trout were characterised by significantly longer extinction of a conditioned stress response than HR (Moreira
et al. 2004). Thus, LR fishes show bold, active and inflexible behaviour characteristic of
active coping style, almost exactly as previously found in mammals (mice, Benus et al.
1991; pigs, Bolhuis et al. 2005) and birds (tits, Groothuis & Carere 2005).
The neuroendocrine differences between the HR and LR lines of trout include monoaminergic activity and metabolism (Øverli et al. 2001). Both the synthesis and metabolism of
brain serotonin, norepinephrine and dopamine following stress were significantly more elevated in HR than in LR lines. LR fishes were characterised by increased level of 5-HIAA
(serotonin metabolite) and MHPG (norepinephrine metabolite) in the hypothalamus and
also had a significantly higher baseline 5-HIAA/5-HT ratios in the telencephalon. Overall,
these patterns are similar to those found in mammals (see Øverli et al. 2007 for more
discussion).
The limbic system, including hippocampus, amygdala, hypothalamus and a few other
nearby structures, plays an important role in controlling personality and emotions in humans
and other mammals (Gray 1987; Lautin 2002). Even though the organisation of the brain
in fishes is significantly different (Chapter 15), certain forebrain areas – lateral and medial
telencephalic pallia – are considered homological to the mammalian limbic system (Flood
et al. 1976). They also control similar behavioural mechanisms and processes, such as
emotional learning (Broglio et al. 2005; Portavella & Vargas 2005). However, how these
structures are involved in fish personality remains unknown.
Recent studies on zebrafish highlighted a possible involvement of certain epithalamic
structures, especially the habenula, in personality and laterality (for a full discussion, see
Chapter 16). The habenula is a major component of the dorsal diencephalic conduction
pathway connecting the limbic forebrain with midbrain and hindbrain (Sutherland 1982;
Bianco & Wilson 2009). In fishes, it is asymmetric, the left lateral habenula significantly
exceeds the right (see Bianco & Wilson 2009 for a review). Interestingly, spontaneous reversal of the habenular asymmetry in a selected zebrafish line resulted (along with reversed
laterality) in heightened boldness (Dadda et al. 2010). Similarly, development of zebrafish
embryos in darkness during early ontogeny, presumably affecting the habenular development (Budaev & Andrew 2009b), also results in differences in boldness (Budaev & Andrew
2009a). This is not surprising because the habenula is heavily involved in behavioural inhibition, pain, fear, anxiety and depression through modulation of the brain dopaminergic
system (Shepard et al. 2006).
Despite the body of research conducted to date, the genetic, neurophysiological and neuroanatomical causes of individual differences in fish personality remain poorly understood.
Whereas there is a substantial interest in neurophysiology of personality in mammals, especially humans (e.g. Eysenck & Eysenck 1985; Gray 1987; Zuckerman 1994), fish provides
an ideal model system for studying the role of single genes in the development of personality. For example, polymorphism of the D4 dopamine receptor (D4DR) gene expressed in the
limbic areas of the brain in mammals predicts extraversion and novelty seeking in humans
(Benjamin et al. 1996; Ebstein et al. 1996, 1998). A similar reduction of behavioural response to novelty was found in knockout mice, lacking the D4DR (Dulawa et al. 1999) and
great tits, in which D4DR polymorphism predicts early exploratory behaviour (Fidler et al.
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2007). A similar analysis can be conducted on zebrafish or sticklebacks, whose genomes
have been sequenced. The gene sequence of D4DR is highly conserved across a wide range
of vertebrates and a BLAST (Basic Local Alignment Search Tool) search of the stickleback
genome reveals a strong match on chromosome 19 (the stickleback sex chromosome). It
is a commonly observed phenomenon across vertebrates that males are more prone to risk
taking than females (Wilson & Daly 1985; van Oers et al. 2005; Brown et al. 2007b in
fishes, birds and humans, respectively) so the link to a sex chromosome is not surprising.
This observation also warrants closer examination in fishes, especially considering the wide
range of sex determination mechanisms.
In the genomic era it should be possible to identify the genes contributing to heritable
personality traits. For example, a quantitative trait loci analysis of boldness scores in
zebrafish revealed regions on chromosomes 9 and 16 significantly linked with boldness and
a suggestive association with chromosome 21 showing signs of dominance and additive
effects, respectively (Wright et al. 2006). To date, however, no further studies have attempted
to identify the genes involved in fish personality traits.

7.4

Ontogeny and experience

As we have highlighted, personality traits are not entirely fixed for life, rather they are
susceptible to adjustment through significant life experiences and developmental shifts.
Only a handful of studies, however, have investigated the ontogeny of personality in fishes.
Budaev et al. (1999b) analysed how behavioural consistency changes across the ontogeny
in an African cichlid, Steatocranus casuarius. The fishes were tested for their responses
to a novel environment, a novel fish, and a mirror (aggression test) at 4, 4.5, 12 and
13.5 months of age. Whereas the behavioural measures were not consistent in juveniles
(4 and 4.5 months of age), consistency appeared in adult fishes (12–13.5 months).
Behavioural consistency was found very early in newly emerged and larval fishes
(Budaev & Andrew 2009a; Conrad & Sih 2009). Such early consistency could also be induced by exposure to predator and probably other environmental stimuli (Budaev & Andrew
2009a). Personality can be significantly modified by factors such as exposure to light
(Budaev & Andrew 2009a), acting very early in the ontogeny and becomes more consistent
during the individual’s development, which agrees with the data obtained in mammals (e.g.
Loughry & Lazari 1994), including humans (see Roberts & DelVecchio 2000 for a review).
Individual experience can significantly affect boldness. For example, differences between
shy and bold pumpkinseed sunfish were significant in the field, but disappeared after a period
of isolation in the laboratory (Wilson et al. 1993). Simulated predator attacks (repeated
chasing with a net) increased boldness in captive bred B. episcopi originating from both
high- and low-predation populations (Brown et al. 2007b).
Magnhagen & Staffan (2005) found that changing group composition could significantly affect the behaviour of shy juvenile perch (Perca fluviatilis) and to a lesser degree,
intermediate and bold perch. Shy fish, for example, become bolder when placed in a group
of shy fishes. Bold individuals in a bold group tend to reduce their levels of boldness,
whereas intermediate individuals did not change behaviour. Similar effects were confirmed
by Magnhagen (2007): the correlation between risk taking (time spent in open water) and
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exploration (entrance to novel environment) was significant only when the behaviour of
other group members was taken into account. Experience of winning and losing a contest
and simply observing a shy or bold conspecific could alter boldness in the rainbow trout,
O. mykiss (Frost et al. 2007). The sex of the schoolmates may also significantly affect
individual boldness. For example, male guppies are bolder after a simulated aerial predator
attack when shoaling with males than with females (Piyapong et al. 2010). Such strong
social influences on the expression of personality traits are expected in fishes that spend a
considerable amount of their lives in schools (Brown and Laland 2002; Chapters 10 and
11). The pattern of social interactions can be significantly affected by personality traits,
creating a further level of complexity. For example, social networks of Trinidadian guppies are characterised by significant assortment and shyer guppies have higher numbers of
network connections (Croft et al. 2009).
In addition to prior experience, fish personality could be affected by various physical
factors. Ambient temperature, significantly affecting metabolism, would be one of the
most important factors for fishes and other ectothermic animals. Even moderate changes
in temperature could significantly affect boldness, aggressiveness and activity levels of
damselfish, Pomacentrus moluccensis and P. bankanensis (Biro et al. 2009). Whereas
correlations between personality traits were stable across temperature levels, individuals
differed in their degree of plasticity. While some individuals significantly increased activity
at higher temperature, others were more stable.
Thus, as with the vast majority of traits, fish personality is not entirely genetically
fixed, rather it can be affected during early ontogeny and modified by later experience.
Furthermore, it is possible that the degree of flexibility and susceptibility to experience is
itself a consistent individual trait affected by various developmental events and selection
pressures within a particular population.

7.5

Is personality adaptive?

The starting point for the theory of evolution by natural selection is that the traits being
selected have some genetic basis. We have seen above that this is likely to be true for
personality traits in fishes as well as in many other species. The next question is: Are
such consistent differences across many contexts, over time and developmental stages
simply non-adaptive noise around a single adaptive mean? Can natural selection produce
and maintain variation? Will natural selection also support correlations across behavioural
domains and contexts? That is, is personality adaptive?

7.5.1

Frequency- and density-dependent selection

Early game theory models tended to neglect any variability except alternative strategies. It
was accepted that two or more strategies could be evolutionarily stable (mixed strategies,
see Maynard Smith 1982) when fitness of a strategy depends on the frequency of the
alternative strategy. However, no assumption was made about correlation and consistency.
For example, it was accepted that natural selection will produce aggressive (‘hawk’) and
non-aggressive (‘dove’) strategies within a single population, but it was not clear whether
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the particular individuals would use the same strategy consistently or switch randomly
between them.
Later models slowly began to incorporate individual differences. In a seminal paper on
shyness and boldness, Wilson et al. (1994) provided a simple account for the existence
of the shy–bold continuum in various species based on frequency- or density-dependent
selection. Here, the optimal behaviour depends on the frequency or density of conspecifics
displaying each trait. For example, it may be more adaptive to be shy and occupy safe
habitats; however, when the density of such shy individuals is sufficiently high, the safe
habitat becomes overcrowded. At some point, the fitness cost of competition within the
safe habitat exceeds the predation risk in the risky habitat and some individuals start
using the risky habitat (see Wilson et al. 1994). In a later paper, Wilson (1998) extended
this framework: when the population exploits several habitats, a range of resources, etc.,
natural selection could maintain multiple-niche polymorphisms and stable personalities.
However, such models still do not account for consistency: why should one individual be
bold consistently in various contexts rather than have a broad adaptive norm of reaction?
To explain consistency, it is assumed that phenotypic plasticity is limited by various genetic
and epigenetic mechanisms and incurs significant fitness costs (see DeWitt et al. 1998; Sih
et al. 2004).
Many fish studies are consistent with such models. For example, a shyness–boldness
continuum was found in wrasses, Symphodus ocellatus. In this species, fishes significantly
differ in activity within a novel environment. Shy individuals (which do not explore novel
environments) tended to stay in shoals and occupy relatively safe weeded habitats, whereas
bold individuals (which are active in novel environments) were typically found in more
dangerous open habitats and did not join shoals (Budaev 1997b). Similar patterns were
found in bluegill and pumpkinseed sunfish (e.g. Ehlinger & Wilson 1988; Wilson et al.
1993). Feeding specialisations and alternative foraging tactics that may involve exploitation
of distinct food resources and sub-niches by different individuals have long been reported
in fishes (Bryan & Larkin 1972; Ringler 1983; Smith & Skulason 1996).
While the early models explaining personality variation based on frequency- and densitydependent selection look convincing in many cases, they have difficulty in accounting
for consistency over time and across situations: such consistency is still considered to
result from constraints on adaptation. At the basic level, they are not different from the
‘hawk–dove’ game.

7.5.2

State-dependent models

More recent models have used a dynamic programming approach, where the pay-off of
every behaviour is calculated iteratively and depends on the state of the animal, including
energy reserves, territory size, etc. (Mangel & Clark 1988). It would be adaptive to avoid
exposure to excessive predation risks if an animal has good energy reserves, but if such
reserves are close to depletion (e.g. the animal is close to starvation) the potential benefits
of obtaining food may outweigh the risk of being eaten (see Clark 1994; Dall et al. 2004).
For example, sticklebacks characterised by higher weight loss following a 2-day food
deprivation tended to emerge earlier from a refuge (Krause et al. 1999). Quite simple
models predict consistency if the state and the history of behaviour over time are taken
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into account (see Dall et al. 2004 for more discussion). Consistent differences in risk
taking could be maintained within a foraging group if individuals differ in energy reserves
and such differences are sustained by environmental factors (see Rands et al. 2003; Dall
et al. 2004). Furthermore, when the individuals’ states are changeable but information
about the world is uncertain, it may become adaptive to just ignore environmental cues and
behave consistently. Consequently, environmental noise is predicted to facilitate consistent
personalities (McElreath & Strimling 2006).
Recent theoretical advances have emphasised the role of life-history trade-offs in generating consistent personalities (Stamps 2007; Biro & Stamps 2008). For example, Wolf
et al. (2007) developed a series of state-dependent models based on a trade-off between
current and future reproduction. Individuals with high expectations of future reproduction,
who have much to lose, would be shy whereas those with low expectations would be bold.
This is the case of a more general ‘asset protection principle’ (Clark 1994), stating that the
larger the current reproductive asset, the more vital it becomes to avoid risks threatening
reproduction. Therefore, accumulation of reproductive assets (body size, territory size, etc.)
would lead to risk aversion (Brown & Braithwaite 2004).
Similar considerations involving trade-offs have also been used to account for consistent
individual differences in decision making. Specifically, a trade-off between speed and
accuracy could lead to individual differences in impulsiveness: some individuals make fast
and inaccurate decisions whereas others are careful but slow (Chittka et al. 2009). Guppies
(P. reticulata) consistently differ in their ‘hastiness’ in a spatial memory maze task (with
female as reinforcement): some individuals tend to make quick decisions with many errors
while others are slow but accurate (Burns & Rodd 2008).
Trade-offs between growth and mortality (Stamps 2007) and productivity and mortality (Biro & Stamps 2008) may be among the most important mechanisms maintaining
consistent personality variation. In essence, the growth-mortality hypothesis argues that
correlations between behaviours in various contexts may arise when these behaviours affect
growth and mortality. Many fishes and other animals show consistent individual differences
in growth rate (Biro et al. 2006; Stamps 2007). Personality traits such as risk taking and
aggressiveness often affect both growth and mortality rates. Aggressiveness could increase
growth rate by improving access to food resources, but would also increase the risk of
injury and non-detection of a predator. Boldness in foraging context would also increase
food intake, but simultaneously increase the risk of being eaten by a predator (Stamps 2007;
Biro & Stamps 2008). From a more general perspective, any life-history trade-offs may be
important: consistency appears when the behavioural tendencies contribute to individual
differences in life-history productivity (Biro & Stamps 2008).
The hypothesis developed by Biro & Stamps (2008) has serious limitations by assuming
a simple positive relationship between personality (boldness or aggressiveness) and access
to resources or food intake. Some studies reported a positive correlation between boldness
and body mass in fishes (e.g. Magnhagen & Borcherding 2008), some reported no relationship (Kobler et al. 2009) while others documented a reverse relationship (e.g. Brown &
Braithwaite 2004; Millot et al. 2009), which is indeed expected in many state-dependent
models involving the asset protection principle (Clark 1994). Furthermore, there is no
clear relationship between aggressiveness and social dominance (e.g. Bakker 1986; Francis
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1988; Colleter & Brown 2011), and dominance and growth rate can also be unrelated (e.g.
Harwood et al. 2003).
Individual experience or similar mechanisms provide another important, although often
neglected by evolutionary biologists, ingredient making individual differences consistent.
A model developed by Wolf et al. (2008) accounts for consistent differences in responsiveness to environmental stimuli, with ‘responsive’ strategy assessing such stimuli and
‘unresponsive’, behaving rigidly. In addition to frequency-dependent selection (responsiveness pay-off reduces with increasing frequency of responsive individuals), it adds a positive
feedback mechanism: responsiveness is less costly for individuals that were responsive
before. It turns out that even a small positive feedback induces stable correlations between
behavioural choices made at consecutive iterations. Such a feedback is realistic if responsive
individuals are more efficient at discovering food with experience.
Thus, personality is shaped by natural selection. The most basic ingredient usually
invoked to account for alternative strategies, behavioural polymorphisms and personalities
is frequency- and density-dependent selections. Other mechanisms predicting adaptive
individual differences, for example involving optimal decisions in unpredictable conditions
(‘adaptive coin-flipping’, Cooper & Kaplan 1982; Kaplan & Cooper 1984), have been
given surprisingly little attention, even though they may be more general. Furthermore,
consistent individual differences are likely to arise when individuals can exploit several
resources, habitats and sub-niches. A variety of other mechanisms, including environmental
noise, protection of reproductive assets, accumulation of individual experience and lifehistory trade-offs, would facilitate consistency over time and across contexts. All these
ingredients are typically found in many fish species and populations, making consistent
personality the ‘null hypothesis’. Nonetheless, in spite of the recent theoretical advances,
our understanding of the adaptive factors contributing to the maintenance of consistent
personalities and polymorphisms remains scant. The various existing models are often too
simplistic and sometimes contradict each other and the empirical data. Thus, while the main
adaptive factors producing personality in fishes are known, the exact mechanisms involved
still remain a puzzle.

7.6

Evolution

Even though it is now clear that adaptive individual differences can be maintained by
natural selection, very little is known about the phylogeny of personality. Because very
similar personality factors have been found in a wide variety of vertebrates (Budaev 1998;
Gosling & John 1999), they could represent a shared heritage involving homologous brain
systems (for similar views, see Eysenck and Eysenck 1985; Gray 1987). This view depicts
personality as a consequence of constraint on evolution. Alternatively, personality could be
shaped by common adaptive mechanisms independently in each species or even in different
populations; this view depicts personality as an adaptation. Further, if common adaptive
factors are operating in a variety of species, we may expect similar patterns of personality
to evolve (i.e. convergent evolution). Understanding the evolution of behaviour usually
involves analysis of the patterns of similarities and differences across related species to
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elucidate the history of their appearance and divergence throughout the phylogeny. In a
sense, evolution of behavioural traits should be studied comparatively as is the case with
the evolution of morphology and physiology; behavioural patterns here represent taxonomic
traits similar to morphological characters (Tinbergen 1963) to which various methods of
cladistic analysis are applicable (Brooks & McLennan 1991).
It is tempting to use the same approach to animal personality. However, personality is
extremely difficult to organise in such a phylogenetic framework. Personality traits and
dimensions that appear as a result of correlation analysis are different from morphological characters and fixed behavioural patterns. Personality traits are artificial descriptive
constructs, which have no ‘real’ physical existence and explanatory power (Revelle 1983;
Eysenck & Eysenck 1985). Furthermore, there is no single optimal hierarchical level for
personality traits. It is possible to define more narrow or more context-specific traits or
fewer broader traits. In human personality research, second-order factor analysis has become popular (e.g. Cattell 1956; Digman 1997). Personality traits, dimensions and factors
can be blended or split in various species or populations depending on characteristics of the
sample of individuals, domains of situations, types of measures, characteristics of raters and
various other causes. Such blending or splitting cannot be easily translated to any specific
evolutionary events. Personality traits resulting from factor analysis can be rotated differently: the same correlation matrix may be equally well represented by an infinite number
of factor loading patterns.
In human personality psychology there is no single universal species-specific personality
structure. The dominant Big Five model (postulating that human personality variation is
encompassed by five basic dimensions: (1) extraversion, (2) neuroticism, (3) agreeableness, (4) conscientiousness, and (5) openness to experience) is merely a point of consensus
as an optimal research framework (Digman 1990), and is not the only possible speciesspecific pattern for humans (McAdams 1992). It is possible to extract more narrow personality factors instead of fewer broader ones. Indeed, splittings (16 factors, Cattell 1973)
and lumpings (two or three factors: Eysenck 1970; Eysenck & Eysenck 1985; Cloninger
et al. 1991; single general personality factor: Rushton et al. 2008) as well as alternative
rotations (e.g. Gray 1982; Zuckerman et al. 1993; Caprara and Perugini 1994; Budaev
1999) of the human Big Five personality dimensions have been proposed as alternative
models.
A further problem is that the dimensions presumed to be common in different species
are not necessarily comparable. Comparison of personality in different species is totally
based on the researcher’s intuitive interpretation in each case. For example, the researcher
may interpret some behaviours as indicative of ‘boldness’ in one species. In a different
species, ecological validity may dictate a different set of tests and measures but again
a ‘boldness’ trait could be defined. The researcher then argues that ‘similar’ boldness
traits are found in both species. This is, however, incorrect because what is compared
here is intuitive interpretation of behaviours rather than behaviours themselves. Again,
we emphasise that the labels ascribed to behavioural traits are often arbitrary and noninformative. While informal comparisons of personality dimensions across different species
may be very helpful (see Gosling & John 1999), they cannot be used for formal phylogenetic
analysis. The study of the evolutionary history of personality variations requires a new
approach.
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Wider implications
Fish production and reproduction

Personality and especially coping styles may have several important implications for aquaculture and conservation of fish stocks based on artificial rearing. Comparisons of wild
and hatchery-reared fishes of several species reveal many important behavioural and physiological differences (e.g. Brown & Day 2002; Huntingford 2004; Huntingford & Adams
2005). For example, hatchery-reared brown trout, Salmo trutta, are significantly bolder
and more aggressive (e.g. Sundström et al. 2004) and tend to dominate wild fishes (e.g.
Sundström et al. 2003). These differences between the wild and domesticated fishes are
heritable and result from deliberate selection for fast growth rate as well as from indirect
selection of fishes best adapted to intensive high-density aquaculture (Huntingford 2004;
Huntingford & Adams 2005).
Possible implications of these personality differences for the welfare of farmed fishes
have been considered by Huntingford & Adams (2005). Shy and non-aggressive fishes turn
out to be disadvantaged in many high-density production systems, negatively affecting their
welfare. Pre-screening, increasing the cost of fighting and competition by increasing the
water current, more even distribution of food avoiding its monopolisation, the use of smart
automatic feeders and other measures have been proposed (see Huntingford & Adams 2005
for further discussion).
Restocking natural habitats with hatchery-reared juveniles has been used to replenish
declining wild populations of various fishes, especially salmonids (Brown & Day 2002;
Myers 2004; Bell et al. 2006). Restocking is very expensive (Beck et al. 1994) and its
efficiency remains controversial. Most farm fishes die soon after release (Brown & Laland
2001) and some research suggests that the presence of hatchery-reared fishes in natural
habitats may in fact facilitate extinction of wild stocks (e.g. McGinnity et al. 2003, 2009).
Personality can be an important mediating factor here. Hatchery-reared fishes are more
aggressive, bold, dominant and outcompete the wild fishes (Sundström et al. 2003, 2004;
Huntingford 2004; Huntingford & Adams 2005). On the other hand, higher growth rate and
the propensity to take risks would make them significantly more vulnerable to predators
(Biro et al. 2004). Restocking natural environments with hatchery-adapted fishes, therefore,
would depress rather than replenish the natural populations: hatchery fishes would competitively depress the wild fishes but would not contribute to reproduction due to increased
mortality through predation.

7.7.2

Personality and population dynamics

Even though populations with contrasting predation regimes are frequently compared in
fishes (e.g. Bell & Stamps 2004; Brown et al. 2007a, 2007b; Dingemanse et al. 2007), most
studies of personality in animals strongly focus on individuals. Personality is, obviously, an
attribute of the individual rather than the group. However, patterns of personality within a
population may significantly affect higher order processes such as population dynamics. It
has long been known that within-population variability in various traits, such as growth rate
and body size, can increase the population stability, persistence and resistance to extinction
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(see Łomnicki 1988; Uchmański 2000; Grimm & Uchmański 2002). Such population
models historically concentrated on individual variation in morphological and life-history
traits. However, they can involve behavioural variability linked with competitive ability,
resource utilisation and life-history traits (e.g. Biro & Stamps 2008; Colleter & Brown
2011).
The presence of individual variation within competing species can facilitate their coexistence. For example, Begon & Wall (1987) developed a simple model based on the classical
Lotka–Volterra equation to describe competition between two species. In the classical
model without individual variability, the competitively superior species rapidly excluded
the inferior competitor to extinction. However, when individuals of both species differ in
competitive ability, species with different competitive ability can easily coexist.
A few recent models investigated population effects of consistent personality traits.
Petrovskii & Blackshaw (2003; see also Petrovskii et al. 2008) considered a population in a
homogeneous environment under favourable environmental conditions. At some moment,
the environment suddenly becomes harsh, causing environmental fragmentation (conditions
are favourable within fragments but not in the rest of the environment) and significant
mortality. Interestingly, if consistency is added to the model (the same individuals play
fixed strategies, either aggressive or non-aggressive), the population density decreases
significantly more slowly than in populations where all individuals play randomly.
These studies have important implications for conservation by suggesting that personality variation represents a very important yet neglected dimension of biodiversity. In some
cases, personality could be the key factor in maintaining the population stability, especially
when the population size is small, such that stochastic oscillations or catastrophic events
could bring the population to extinction.

7.8

Conclusions

For some time individual differences in behaviour have been ignored by ethologists and
behavioural ecologists and ascribing personality traits them has been highly controversial.
It is becoming increasingly apparent, however, that rather than representing annoying noise
in population data sets, they represent the leading edge of evolution. Much could be gained
by adopting game theory models. Both Darwin and Tinbergen recognised the importance of
understanding individuality and the latter in particular cautioned against taking too narrow
a view when studying animal behaviour. By taking a holistic view of behaviour, we begin
to see important relationships between behavioural traits and, in some instances, recognise
potential constraints and trade-offs that may limit plasticity.
The study of fish personality is still very much in its infancy and suffers from a divided
literature. There is a clear need to strengthen experimental methodology by taking advantage
of the well-established human personality literature. We also recognise the importance of
remaining faithful to the classical ethological framework. While some work has been
directed at addressing ultimate questions, much remains to be done in terms of examining
proximate causes of fish personality. It is clear that personality is subject to natural selection
and research using fishes as model organisms has revealed that personality traits show a
great deal of variability within populations, have fitness consequences and are heritable. In
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the genomic era it may be possible to pinpoint the exact genes responsible for personality
traits and identify underlying hormone cascades that may link behavioural traits.
Most of the research to date has been conducted using the usual model organisms such
as guppies and sticklebacks, but it is apparent that a better understanding of personality
traits will have direct consequences for fisheries and aquaculture management. Thus, future
studies are likely to be aimed at commercial and recreational species, such as salmonids,
where selective manipulation of particular personality traits may significantly enhance
productivity, as has been the case in terrestrial animal husbandry.
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