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Personality differences are a widespread phenomenon
throughout the animal kingdom. Past research has fo-
cused on the characterization of such differences and a
quest for their proximate and ultimate causation. How-
ever, the consequences of these differences for ecology
and evolution received much less attention. Here, we
strive to fill this gap by providing a comprehensive
inventory of the potential implications of personality
differences, ranging from population growth and persis-
tence to species interactions and community dynamics,
and covering issues such as social evolution, the speed
of evolution, evolvability, and speciation. The emerging
picture strongly suggests that personality differences
matter for ecological and evolutionary processes (and
their interaction) and, thus, should be considered a key
dimension of ecologically and evolutionarily relevant
intraspecific variation.

Personality differences in animal populations

The study of animal behavior has undergone a major shift
during the past decade. Individual differences in behavior
that traditionally were considered as noise, not requiring
further investigation, have become a key target of research
[1]. Two findings promoted this shift. First, behavioral
differences tend to be highly structured, that is, both stable
over time and correlated across different situations and
contexts [2,3]. Second, such structured behavioral differ-
ences are a common feature of animal populations, occur-
ring in a diverse range of species across the animal
kingdom [4-6]. Behavioral differences that are maintained
through time and across contexts are termed ‘personalities’
in humans and, analogously, the term ‘animal personal-
ities’ has been adopted in the literature [4] (see Glossary).
The emerging notion that within-population behavioral
differences are the expression of differences in highly
structured behavioral types promoted an explosion of em-
pirical and conceptual research. Much of this research has
focused on the existence and structure of personalities
[3,4,6] and the proximate and ultimate causes of per-
sonality differences [7-13]. As a result, a substantial body
of knowledge about the occurrence, form, and causes of
animal personalities has accumulated (Box 1). However,
surprisingly little attention has been paid to the ecological
and evolutionary consequences of personality differences.
Do personalities matter in this respect?
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Consequences of individual variation
There is growing awareness that the amount and structure
of within-population variation can substantially affect key
ecological and evolutionary processes, and their interac-
tion. Evolutionary biologists realize that not only is stand-
ing genetic variation the substrate of evolution, but also
the degree and patterning of genetic and phenotypic vari-
ation can determine the direction and outcome of natural
selection [14,15]. In parallel, ecologists increasingly recog-
nize individual variation as an important factor affecting
intra- and interspecific competition and the structure and
dynamics of ecological networks [16-21]. Moreover, by
speeding up evolution, within-population variation also
affects the interplay of ecology and evolution. In the pres-
ence of variation, ecological and evolutionary processes
often proceed at similar timescales, leading to an intricate
and often counterintuitive interaction of both processes
[22].

Until now, most research on the consequences of
within-population variation focused on genetic variation
[16,19,22] and differences in resource use [17], largely

Glossary

Animal personalities: the phenomenon that individuals differ systematically in
their behavioral tendencies; these differences are consistent over time (i.e.,
individuals that tend to score higher on a particular behavioral axis tend to
score higher on that axis at later points in time) and correlated across different
situations and contexts (e.g., individuals that tend to be more aggressive
towards conspecifics also tend to be bolder in novel environments than less
aggressive individuals).

Behavioral and/or personality type: a particular combination of behavioral
tendencies forming part of a behavioral syndrome.

Behavioral syndrome: a suite of correlated behavioral tendencies in different
situations and contexts; examples are the aggressiveness-boldness syndrome
(referring to the correlation between intraspecific aggressiveness and boldness
in novel environments) and the pace-of-life syndrome (referring to the
correlation between metabolic, hormonal, and immunity traits favoring either
fast and early reproduction at the expense of longevity, or vice versa).
Euler-Lotka Equation: an implicit equation describing how, in populations with
overlapping generations, the per capita growth rate of the population depends
on demographic parameters such as age- or state-dependent survival and
fecundity.

Jensen's inequality: mathematical rule stating that, for a convex function fix),
applying this function to the mean X of some variables x3,x»,. .. yields a lower
value than taking the mean f(x) of f(x;), f(xa),...: f(X) < f(x).

Lande’s multivariate selection equation: a generalized version of the breeder’s
equation of quantitative genetics describing how the mean (multivariate)
phenotype Z will change under selection; one version of the equation is
Az = w'GB, where w is the mean fitness of the population, B is the selection
gradient, and G is the G-matrix of the population (i.e., the matrix of additive
genetic variances and covariances).
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Box 1. Animal personalities in a nutshell
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The term ‘animal personalities’ refers to systematic and structured
within-population differences in behavioral tendencies, where these
tendencies are stable over some period of time and where the
behavior in one situation or context is correlated with the behavior in
other situations or contexts. For example, many organisms, including
fish, birds, and rodents, exhibit an aggressiveness-boldness syn-
drome [6]: some individuals tend to be more aggressive than others
(variation), these differences remain stable over longer periods of
time (time consistency), and aggressiveness is correlated with
boldness in that more aggressive individuals tend to be bolder in
response to predators than less aggressive individuals (correlations
across contexts). In populations with personalities, individuals are
said to have a personality or behavioral type (e.g., more aggressive
types vs less aggressive types), behaviors that are involved in
personality differences are termed personality traits (e.g., aggression
and boldness), and suites of correlated traits are termed a ‘syndrome’
[2].

Animal personalities have been reported for a range of animal
species across the animal kingdom, including mammals, fish, birds,
reptiles, amphibians, arthropods, and mollusks [4,6]. Consistent
differences have been reported for a large number of behavioral
tendencies [3-6], including aggressiveness, boldness, activity level,

neglecting behavioral differences (Box 2) and, in particular,
personality differences. The studies investigating the con-
sequences of variation in behavioral types are few and focus
on a limited number of issues. However, the importance of
such variation became evident in all areas where it was
addressed explicitly (see also [21]); for example, host—para-
site interactions [23,24], epidemiology [25], dispersal and
invasion biology [26—28], and fisheries management [29,30].

In this review, we aim to provide a comprehensive
inventory of the potential consequences of personality
differences for ecological and evolutionary patterns and
processes. We discuss 14 implications, which are summa-
rized in Table 1. For each implication, we provide a link
between personality variation and the ecological or evolu-
tionary issue of interest, outline basic mechanisms,
and briefly discuss theoretical predictions and empirical
evidence (Box 3 provides a detailed discussion of one
particular example).

cooperativeness, fearfulness, dispersal tendency, exploration ten-
dency, docility, impulsivity, sociability, and responsiveness to
environmental stimuli. Well-known syndromes found in various
organisms are the aggressiveness-boldness syndrome [6], the pace-
of-life syndrome (Implication 1, Table 1), the dispersal syndrome
(Implication 4, Table 1), and coping styles [59].

On a proximate level, personality differences can often be under-
stood in terms of the behavioral architecture, that is, the genetic,
physiological, and cognitive systems underlying behavior. Person-
ality differences are, for example, systematically associated with
differences in metabolism [7,89]), stress physiology [59], and strength
of cerebral lateralization [90]. On an ultimate level, key questions are
why behavioral differences persist in the face of selection, and why
behavior is organized in syndromes rather than being more flexible.
Several explanations have been put forward, and various evolution-
ary models demonstrate how personality differences can emerge and
persist [7-13].

Personality differences might reflect genetic differences, environ-
mental-dependent phenotypic plasticity, or a combination of both
factors. Genetic studies find that behavioral types are moderately
heritable as narrow-sense heritability estimates range between 10%
and 40% [5,91].

Implications of personality differences for ecology and
evolution

Implication 1: life history and demography

Differences in behavioral type are systematically associat-
ed with differences in life history, that is, the mortality and
fecundity profile of individuals [11,31,32] (Box 2). This is of
evolutionary relevance given that life-history parameters
are key determinants of fitness. The association between
behavioral type and life history arises in at least three
ways. First, traits such as boldness, aggressiveness,
activity, or dispersal tendency are often directly related
to mortality risks and/or fecundity [11]. Second, different
behavioral types often find themselves in different habitats
(Implication 5), facing different resource densities, compe-
titors, predators, and parasites, which all affect mortality
and fecundity. Third, personalities often seem to be select-
ed as part of a pace-of-life syndrome [12,31,33], reinforcing
mortality and fecundity differences.

Box 2. Behavioral variation and other forms of individual variation

A surge of recent research points to the importance of intraspecific
variation for ecological and evolutionary processes [14-22]. Most of this
work focuses on genetic variation or differences in resource use. By
contrast, the consequences of individual variation in behavior have
received relatively little attention from ecologists and evolutionary
biologists. This is surprising given that behavior is a key factor
mediating the interactions of individuals with their environment [74,92]:
e The environment of an individual is, to a large extent, determined
by the behavior of this individual, for example, as a result of
dispersal and migration, movement patterns, habitat choice,
feeding strategy, predator avoidance, mating strategy, or social
behavior. Accordingly, behavior affects issues such as the spatial
distribution of populations, resource exploitation patterns, and
social interaction structures. Moreover, given that the environment
of an individual determines the selection pressures acting on the
whole phenotype, behavior can act as a ‘pacemaker’ of evolution
for non-behavioral traits (e.g., life history, physiology, and mor-
phology);
e Behavior is an important component of the immediate response of
an individual to its environment. Accordingly, behavior is crucial for

understanding how populations respond to environmental change,

thus affecting issues such as population stability and persistence.

Moreover, behavioral responses can both slow down evolution (if

individuals are shielded from novel selection pressures by evasion

behavior) and speed up evolution (if individuals are exposed to
novel selection pressures).

Behavioral variation is often associated with non-behavioral
phenotypic variation (e.g., morphology [18], physiology [7,31,59,89],
life-history characteristics [11,31,32], or cognition [90]). Behavioral
variation might often be the cause of correlated non-behavioral
variation, given that different behavioral types face different environ-
ments exerting different selection pressures on all aspects of the
phenotype. In other cases, behavioral variation might be the result of
non-behavioral variation, for example if the aggression level of an
individual is made dependent on the resource-holding potential of the
individual or if the activity level of an individual reflects its metabolic
rate. However, in many cases, the causation of correlated behavioral
and non-behavioral variation is not unidirectional but reciprocal,
involving mutually reinforcing feedback loops between behavioral
and non-behavioral traits [9,53].
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Table 1. Ecological and evolutionary implications in a nutshell®

10

11

12

13

14

Life history and demography

Population density and
productivity

Stability, resilience, and

persistence of populations

Dispersal, colonization, and
invasion

Distribution within habitats

Transmission dynamics:
disease and information

Social evolution

Speed of evolution and
adaptive potential

Constraints on adaptive
evolution

Evolvability

Eco-evolutionary dynamics

Speciation

Species interactions

Community structure and
ecosystem processes

BD is associated with variation in
demographic and life-history
parameters; this variation affects fitness
and population growth rate

BD tends to enhance the carrying
capacity and productivity of a population

BD tends to enhance population stability,
resilience, and persistence

Dispersers and/or colonists, and/or
invaders are a non-random sample; the
mix of BT is crucial for establishment in
new habitat and, hence, for the stability
and persistence of a metapopulation
BD induces spatial pattern formation,
affecting evolutionary dynamics,
population dynamics, and the interaction
with other species

BD affects crucial epidemiological
parameters, often leading to rarer but
more explosive outbreaks. Similar
principles apply to the spread of
information

BD changes the direction and outcome of
social evolution

BD can speed up evolution by orders of
magnitude, allowing rapid adaptation to
environmental change

Behavioral correlations can retard
adaptive evolution and prevent fitness
peaks being achieved

Behavioral correlations can enhance the
capacity of a population to evolve
solutions to novel ecological challenges
In the presence of BD, ecological and
evolutionary dynamics might occur at
similar timescales, often leading to
qualitatively new kinds of (non-
equilibrium) dynamics

BD can facilitate speciation in a multitude
of ways; e.g., by contributing to the
divergence of incipient species, by
generating the conditions for
competitive speciation, and by acting as
a ‘magic trait’

BD affects both the interaction dynamics
and the coevolution of species; might
promote the stability and persistence of
species interaction networks

BD can affect primary productivity,
nutrient fluxes, and decomposition rates,
as well as the composition and species
diversity of food webs and other
communities

2Abbreviations: BD, behavioral differentiation; BT, behavioral types.

As well as determining fitness, life-history profiles in a
population also determine key demographic parameters,

such as the age distribution and sex ratio of the population.

Via relationships such as the Euler-Lotka equation [34],
these parameters directly affect the population growth
rate. It is important to realize that predictions of popula-
tion growth rates can be misleading if they are only based
on average life-history characteristics and do not take
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Differential use of resources and
environment; behavioral types often
reflect pace-of-life syndrome; Jensen’s
inequality

Competition avoidance; mutual
facilitation; synergism due to behavioral
complementation and division of labor
Averaging effect; portfolio effect;
insurance effect

Dispersal syndrome; invasion syndrome;
insurance effect

Differential movement patterns; non-
random distribution of BT in space; non-
random interactions among BT

Variation in contact number, contact
rate, susceptibility (ability to acquire
information), and infectiousness (ability
to spread information)

Mutual feedback between social
responsiveness and consistency;
diversity begets diversity; partner choice;
handicap principle

Instantaneous availability of ‘adaptive’
variation, rather than mutation limitation

Lande’s multivariate selection equation;
pleiotropic effects; constraints on the
physiological architecture of behavior
‘Pre-adapted’ correlation structures
favoring the production of well-
integrated phenotypes

Rapid evolution due to BD (Implication
8); non-equilibrium dynamics due to
spatial segregation and strong feedbacks

Rapid evolution associated with BD
(Implication 8); range expansion and
settling in new habitat facilitated by BD
(Implication 4); effects of BD on intensity
of disruptive selection; association
between ecological and mating traits in
behavioral syndromes

Coexistence fostered by differences in
competitive ability; BD causing increased
connectivity and decreased interaction
strengths in species networks
Cascading effects transcending from the
species and species interaction level to
the community and ecosystem level

[11,12,31]

[19,35,36]

[29,41,42]

[26-28,36,43]

[35,44,46,100]

[23,25,48,49]

[15,54-57]

[14]

[6,63,64]

[65,66]

[22,67,70,73]

[74,76,79]

[17,21,81-83]

[86-88]

variation into consideration (see the discussion of Jensen’s
inequality in [17]).

Implication 2: population density and productivity

Behavioral types often differ systematically in activity
patterns, habitat use, diet preferences, and foraging and
prey-capture techniques [6]. Such differentiation can be
expected to enhance the carrying capacity (i.e., equilibrium



Box 3. Implications of personality variation in bluegill sunfish
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Bluegill sunfish (Lepomis macrochirus) (Figure ) are a classic example
of personality differences in natural animal populations [46]. Bluegills
are freshwater fish that live in the shallow waters of lakes and ponds or
in slow-moving areas of streams and small rivers. Until recently, they
were considered a generalist predator, adept at feeding in both littoral
and open-water habitats. Upon closer inspection, it turned out that
there is considerable intraspecific variation in foraging behavior and
morphology and that individuals are often foraging specialists rather
than generalists. When introduced into a pond, bluegills quickly
distribute over habitat types; some individuals consistently stay in the
open water, some consistently stay in the littoral zone, and only a few
switch between habitats [35]. Differences in microhabitat preference are
associated with differences in other behavioral tendencies (e.g.,
boldness, activity, exploration tendency, learning ability, responsive-
ness, and diet choice) and morphology (e.g., fin length and body
proportions) [35,46,93]. It is conceivable that habitat specialization in
bluegills is also related to the well-studied polymorphism in mating
strategies in this species [94], although this has apparently not yet been
investigated. Under stable environmental conditions, each of the two

habitat specialists achieves a considerably higher foraging success
than do habitat generalists [35]. However, specialists are limited in their
response to environmental change: specialists for one habitat are often
not able to notice and exploit new feeding opportunities occurring in
the other habitat [35].

Behavioral differentiation has also considerable consequences for
the interaction of bluegills with other species. For example, bluegills
specialized on the open-water habitat prevent pumpkinseed sunfish
(Lepomis gibbosus) from entering this feeding niche [46]. The
interaction of sunfish with their prey can strongly depend on both
predator and prey personalities, although this has only been studied
in species closely related to bluegills [64]. In bluegills, the two habitat
specialists encounter different types of predator and parasite, as
evidenced by the fact that open-water bluegills have a very different
parasite load compared with bluegills living in the littoral [46].
Interestingly, this also applies to human predators because different
behavioral types differ substantially in their catchability and human
harvesting strategies differentially affect the distribution of behavioral
types [95] (Box 4).

TRENDS in Ecology & Evolution

Figure I. Bluegill sunfish in a littoral habitat. Reproduced, with permission, from Eric Engbretson.

population density) and productivity of populations [17].
First, differences in resource and habitat use reduce com-
petition among individuals, resulting in a more extensive
and efficient use of resources and habitats and, hence,
higher productivity [19,21,35]. Second, different behavioral
types might facilitate each other or have other synergistic
effects. Western bluebirds (Sialia mexicana) [36] provide an
example for facilitation; non-aggressive and shy types can
only settle in habitats that have been colonized before by
aggressive and bold types. Division of labor in group-living
species, such as meerkats (Suricata suricatta) [37], cooper-
atively breeding cichlids (Neolamprologus pulcher) [38] or
eusocial insects [39], exemplify that productivity can be

strongly enhanced by behavioral differentiation. Syner-
gisms can also result from behavioral complementation.
For example, breeding oystercatcher pairs (Haematopus
ostralegus) have higher reproductive success if the male
and female are specialized to exploit different types of
prey [40].

Implication 3: stability, resilience, and persistence of
populations

Populations harboring different behavioral types can be
expected to exhibit less density fluctuation around equilib-
rium and to be less vulnerable to environmental change
[17,41]. First, stochastic fluctuations in the densities of the
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various types even out, leading to dampened fluctuations of
the population as a whole (averaging effect). Second, dif-
ferent types tend to react differently to environmental
change, leading to less extreme responses of variable
populations (portfolio effect). Third, when confronted with
sudden and drastic environmental changes, more diverse
populations are more likely to harbor types that are able to
cope with the novel conditions, thus increasing population
persistence (insurance effect).

Studies explicitly addressing the relation between
behavioral diversity and population stability are still
scarce, but the available evidence suggests that variation
in behavioral types has a buffering effect at the population
level. For example, honey bee colonies with individual
differences in fanning behavior maintain more stable brood
nest temperatures than do less diverse colonies [42]. Varia-
tion in homing behavior of sockeye salmon (Oncorhynchus
nerka) promotes stock productivity and persistence in
the face of changing climatic conditions [29]. Similarly,
differences in boldness, habitat and resource use, and
competitive ability can be expected to buffer population
responses to changing predation pressures, habitat and
resource quality, and competitive regimes, respectively.

Implication 4: dispersal, colonization, and invasion
Dispersing individuals face different environmental con-
ditions and challenges compared with non-dispersers.
Therefore, it is not surprising that dispersal tendency
tends to be associated with whole suites of characteristics
promoting dispersal success (dispersal syndrome) and
settlement success (invasion syndrome). For example,
Glanville fritillary butterflies (Melitaea cinxia) [43] exhibit
heritable variation in dispersal tendency, and these differ-
ences are associated with behavioral (locomotor activity
and feeding behavior), physiological (metabolic rate),
morphological (flight muscle development), and life history
(longevity and reproductive rate) variation (see [36] for a
similar example).

Within a set of colonizing or invading individuals,
differences in behavioral type can be crucial for success,
either because of the insurance effect (Implication 3) or
because different types are favored at different stages (e.g.,
transport, introduction, establishment, and spread) of the
invasion or colonization process [27]. As a consequence, the
mix of behavioral types in a population affects the dynamics,
stability, and persistence of a dispersal-connected meta-
population [21,28].

Implication 5: distribution within habitats

Personality traits affect not only movements between
habitats (Implication 4), but also the distribution of indi-
viduals within habitats, leading to a non-random distribu-
tion of behavioral types in space and to non-random
interactions among behavioral types. For example, in
western bluebirds (Sialia mexicana) aggressive males es-
tablish territories in not only the most profitable, but also
the most fiercely competed parts of the habitat, whereas
less aggressive males accumulate in less suitable parts of
the habitat [44]. Spatial segregation will often enhance the
differences between behavioral types with respect to life
history, physiology, and morphology (Box 2). It can also be
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expected to reduce exploitation competition and enhance
interference competition among behavioral types. More-
over, it will have repercussions on trophic interactions and
the spread of disease, because it facilitates the (spatial)
differentiation of prey, predators, and pathogens. Bluegill
sunfish (Lepomis macrochirus) provide a good example of
many of these effects (Box 3).

Theoretical studies [45] demonstrate that spatial sepa-
ration can lead to spatial pattern formation and local non-
equilibrium dynamics, both of which can have substantial
implications for the dynamics and outcome of evolutionary
and ecological processes.

Implication 6: transmission dynamics: disease and
information

Behavioral differentiation can have a large impact on the
prevalence and dynamics of infectious diseases and the
intensity of their outbreaks. First, behavioral types often
differ in their distribution in space (Implication 5), thus
exposing them to different infectious agents [46]. Second,
behavioral types can differ substantially in the structure
and dynamics of their social network, which is a key
determinant for the spread of infectious diseases [47,48].
For example, in three-spined sticklebacks (Gasterosteus
aculeatus), bold individuals tend to have fewer interactions
than do shy individuals (i.e., a lower mean strength), but
these interactions are more evenly distributed and involve
more group members (i.e., a higher mean clustering coeffi-
cient) [49]. Third, behavioral types can differ in both their
susceptibility to disease and their infectiousness [23].
Models taking account of such individual differences arrive
at predictions that differ sharply from average-based
approaches [25]. Populations where individuals vary in
exposure and susceptibility to infectious agents generally
have a lower prevalence of disease and are more buffered
against disease-mediated extinction. Variation in contact
number, contact rate, and infectiousness, for example,
leads to rarer but more explosive outbreaks. This has
consequences for disease control (Box 4), where dramatic
improvement can be achieved by targeted control policies
(e.g., by vaccinating ‘superspreaders’ [25]).

Similar principles apply to the spread of information
in populations [47]. Spatial separation of behavioral
types can hamper the availability of information about
ecologically relevant events in other habitats [35] (Box 3).
The spread of information via social learning depends on
the structure of the social network and the ability to
acquire and transmit information, which, in turn, are
affected by personality traits such as sociability, explora-
tion tendency, boldness, neophilia, and social responsive-
ness. Moreover, the mix of behavioral types within a group
is important for collective decision-making [50] and the
use of social information [51]. As in the case of disease,
specific individuals of a particular behavioral type often
have a key role in the acquisition and spread of informa-
tion [21,48,52].

Implication 7: social evolution

Differences in behavioral type select for social responsive-
ness [15,53,54]. In turn, the presence of responsive indi-
viduals can trigger a coevolutionary process between



Box 4. Applied issues

The existence of personality differences in animal populations has
implications for a wide range of applied issues [30], including
animal breeding and farming (e.g., selection for desirable produc-
tion traits co-selects for suites of correlated traits, Implication 9);
animal welfare (e.g., via differential stress physiology associated
with types, Box 1); reintroduction programs and conservation
biology (Implications 3, 4 and 8; see also Chapter 9 in [96]);
management of invasive species (Implication 4); and disease control
(Implication 6). In particular, taking into account the mix of
behavioral types present in a population can be crucial (Implications
3 and 8) to predicting how that population will respond to
(anthropogenic) environmental changes (e.g., harvesting, climate
change, habitat loss or fragmentation, and pollution).

Fisheries provide a good example for the importance of taking
personality differences into consideration. Fisheries tend to remove
the largest fish, thus indirectly selecting for slow growth and early
maturation [97]. However, it has recently been shown that fast-
growing behavioral types are more vulnerable to fishing, indepen-
dent of their body size, because these types are typically also more
active, more bold in the face of risks, and more aggressive than their
slow-growing conspecifics [97]. This positive coupling between fast
growth and vulnerability to fishing suggests that evolutionary
changes in harvested fish populations occur more rapidly in
populations with differences in personality type. In turn, fast
evolutionary responses can affect the ability of populations to
recover after a period of harvesting because, once personality
variation is depleted, evolution might slow down substantially
(Implication 8). This might explain why many fish populations have
failed to recover even after long periods with little fishing [98]. Thus,
personality differences might give rise to accelerated evolutionary
responses in the presence of fishing and retarded responses in the
absence of fishing (i.e., recovery). This has obvious implications for
policy makers designing rules that aim at sustainable exploitation of
fish [99].

responsiveness and the monitored trait that fundamental-
ly changes the direction and outcome of social evolution.
First, whenever it is beneficial for social partners to coor-
dinate their actions, the presence of responsive individuals
favors high levels of consistency. Several theoretical stud-
ies have shown that, starting from ancestral populations
with small individual differences, this can result in the
evolution of pronounced individual differences in traits
such as aggressiveness [53,54], cooperativeness [53,54],
and leadership behavior [55]. Second, socially responsive
individuals might break up interactions to find new part-
ners. This induces a selection pressure on individuals to
exhibit behavior that makes them an attractive partner.
For example, small personality differences in cooperative-
ness can give rise to high levels of cooperation, contrasting
very low cooperation in the absence of such differences
[15,56,57]. Third, in the presence of responsive individuals,
behavior can be used to signal future behavioral inten-
tions. In case of conflicting interests, such signals can only
be reliable when they involve costs (handicap principle
[58]). This might explain the apparently maladaptive
behavior observed in several situations, for example,
extremely high levels of aggression in intraspecific inter-
actions [59].

Implication 8: speed of evolution and adaptive potential
In the absence of genetic variation, evolution is mutation
limited and, thus, potentially very slow. Evolution can
be much faster in genetically polymorphic populations,
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because the favored alleles might be immediately available
[14]. Moreover, the chance that an advantageous allele
goes to fixation is higher if it is present in multiple copies,
as in the case of polymorphic populations. Thus, when
confronted with a new selective regime, populations with
genetic differences in behavioral type might be at a sub-
stantial advantage over populations without such differ-
ences. Differences in behavioral type will often reflect
environment-dependent plasticity rather than genetic var-
iation (i.e., a conditional strategy; Box 1). Also in this case,
an evolutionary response to environmental change can
occur more rapidly than in the absence of such differences
because the newly favored phenotypes might already be
present in the population. In other words, populations
with differences in behavioral type harbor a variety of
integrated phenotypes, and such phenotypes do not have
to emerge from scratch when environmental conditions
change [60-62].

Implication 9: constraints on adaptive evolution

As quantified by Lande’s multivariate selection equation,
the course of adaptive evolution is not only determined by
selection differentials, but also by the (additive) genetic
variance—covariance matrix quantifying the correlation
among traits [63]. Associations among traits can prevent
a fitness peak on an adaptive landscape being achieved, or
can retard adaptive evolution, given that the associated
traits cannot evolve independently. These insights apply
directly to personality variation, because behavioral trait
correlations are a defining characteristic of personalities
(behavioral syndromes; Box 1). Whenever such correla-
tions cannot easily be broken, they can thus constrain
the course and outcome of evolution. This might explain
seemingly maladaptive behavior associated with behavior-
al types. For example, streamside salamander larvae
(Ambystoma barbourt) exhibit positive behavioral correla-
tions of activity levels in the absence and presence of
cues from a fish predator: some ‘geared up’ individuals
are consistently more active than other ‘geared down’
individuals; however, none of these individuals appears
to exhibit the optimal behavior under both circumstances
(i.e., high activity levels in the absence, and low active
levels in the presence, of the fish cues) [64].

Implication 10: evolvability

The syndrome structure inherent to personalities might
have an important role in promoting the capacity of a
population to evolve solutions to novel ecological problems.
The trait correlations present in a population with person-
ality differences have been pre-tested in past environments
and, thus, should associate traits with each other that, to
some extent, also fit to each other well in future environ-
ments. Once such trait associations are in place (e.g., by the
evolution of regulatory processes), adaptive evolution can
proceed in a more efficient way. For example, consider a
population that is confronted with a sudden and perma-
nent shift in the temperature regime, raising the temper-
ature to previously unexperienced high levels. Suppose
that the new temperature regime requires a coordinated
phenotypic shift in a whole suite of behavioral and physio-
logical traits (e.g., metabolic rate, activity level, timing of
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reproduction, foraging and breeding behavior). Whether
this new phenotype can evolve, and how long that takes,
will crucially depend on the existence of a syndrome. If a
variety of traits have to evolve independently, the waiting
time for the right set of correlated mutations can be
extremely long [14,65]. If, by contrast, traits are associated
in syndromes (e.g., as a response to slight temperature
fluctuations in the ancestral environment), traits already
co-vary in a systematic way (e.g., due to joint regulation).
As a consequence, the high-dimensional trait space col-
lapses into a lower-dimensional space of regulatory param-
eters, where adaptive evolution occurs faster by orders of
magnitude [65,66].

Implication 11: eco-evolutionary dynamics

When evolutionary responses to ecological change occur
sufficiently rapidly, ecological and evolutionary dynamics
proceed at similar timescales. In such cases, evolution can
have a substantial impact, both quantitatively and quali-
tatively, on the course and outcome of population dynam-
ics, the dynamics of communities, and even of whole
ecosystems [22,67]. Up to now, research on eco-evolution-
ary dynamics has largely neglected differences in behav-
ioral type. In view of the fact that such differences can
speed up adaptive evolution considerably (Implication 8),
this is surprising. Moreover, there are several examples of
the interplay of population dynamics and the evolution
of behavioral syndromes. Several studies show that the
interaction of population increase and selection on aggres-
siveness and dispersal contributes to the population cycles
of voles and other mammals in northern Canada [68,69],
as well as to the metapopulation dynamics of western
bluebirds [36] and Glanville fritillary butterflies [70]
(Implications 4 and 5). The evolution of mating strategies
is often characterized by a rapid turnover [71] that can
have strong effects on ecological factors such as density
regulation and demographic stochasticity [72]. Finally,
the rapid coevolution of predators and prey, or hosts
and their parasites, is often mediated by behavior [73].
We consider it probable that differences in behavioral
type (in particular in those cases where they are main-
tained by non-equilibrium dynamics [10]) will have an
important role when ecology and evolution occur on
similar timescales.

Implication 12: speciation

Behavior has an important role in speciation [74], and
there are various arguments suggesting a link between
differentiation into behavioral types and speciation. In
the classic allopatric scenario, speciation is initiated by
geographical isolation, followed by the differentiation of
the separate subspecies. The relevance of this scenario
for speciation depends on the speed of differentiation in
relation to the duration of the barrier to gene flow. Differ-
ences in behavioral type can strongly enhance the speed of
directional evolution and adaptation to local conditions
(Implication 8), thereby contributing to the rapid diver-
gence of incipient species. Speciation is often initiated if
parts of a population enter a new habitat or adopt a new
lifestyle [75] and behavioral syndromes can increase
the likelihood of settling successfully in a new habitat
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(Implication 4). Therefore, one would predict that specia-
tion rates are higher in the presence of such syndromes.

In the presence of substantial gene flow, speciation can
unfold if incipient species are driven apart by strong
disruptive selection [76,77]. Such ‘competitive speciation’
is most probable when the spectrum of exploitable
resources is broad and each organism is constrained to
being a resource specialist [77]. Personality differences can
contribute to both aspects; a broad resource spectrum (i.e.,
a more variable prey species) and resource specialization.
However, behavioral types can also hamper competitive
speciation, because disruptive selection will often be weak-
ened in the presence of individual variation [78]. The
evolution of reproductive isolation is perhaps the crucial
step to achieve speciation in the presence of gene flow. This
process is strongly facilitated by the presence of ‘magic
traits’, that is, traits that are both subject to divergent
selection and contribute to non-random mating [79]. The
correlation structure inherent to personalities can corre-
spond to a magic trait, if the syndrome includes traits that
are of ecological relevance as well as of relevance for
mating.

Implication 13: species interactions

The distribution of behavioral types in one species consti-
tutes part of the ecological and selective environment of
other species, thus affecting the ecological interaction
dynamics as well as the coevolution of species. For exam-
ple, individual differences in competitive ability can foster
the coexistence of species that would otherwise competi-
tively exclude each other [80]. Variation in food specializa-
tion on the side of the predator can have major effects on
the dynamics and outcome of predator—prey interactions
(e.g., alternative stable states, ecological transients of
exclusion or facilitation, and chaos) [81]. The presence of
behavioral variation can lead to interesting patterns of co-
adaptation and a close interplay between ecological and
(co-)evolutionary dynamics [82].

On a larger scale, differences in behavioral type can
affect the structure and dynamics of species interaction
networks [83]. Different types will differ in the parasites,
predators, and prey they interact with. Species harboring
multiple behavioral types will tend to interact with
more species, and the strength of species interactions
will often be weaker and/or more diverse [17,21]. Both
increased network connectivity and decreased interaction
strengths tend to promote network stability and persis-
tence [17,84]. Depending on the size of the species network,
variation in interaction strength can have either a
stabilizing or a destabilizing effect on interaction networks
[84].

Implication 14: community structure and ecosystem
processes

Recent work in community genetics has revealed that
genetic variation in primary producers can have cascading
effects on community dynamics, community structure, and
ecosystem processes [85]. Recent studies suggest that var-
iation in behavioral types can have similar effects. For
example, differences in life history and foraging morphol-
ogy among populations of alewives (Alosa pseudoharengus)



give rise to differences in zooplankton community struc-
ture, zooplankton biomass, and the strength of trophic
cascades [86]. Populations of Trinidadian guppies (Poecilia
reticulata), characterized by differences in diet use, cause
the divergence of ecosystem structure (algal, invertebrate,
and detrital standing stocks) and function (gross primary
productivity, leaf decomposition rates, and nutrient flux)
[87]. The mesocosm experiments of Harmon and colleagues
[88] with three-spined sticklebacks are particularly reveal-
ing. When compared with a single generalist, mixed popu-
lations of food and habitat specialists had largely differing
effects on total primary production, prey community struc-
ture, and the underwater light regime.

Conclusions

We have provided an inventory of the consequences of
personality differences. The emerging picture is clear:
personality differences can be expected to have substantial
consequences for key ecological and evolutionary process-
es, and the interaction of both (Table 1). This is in line with
a surge of recent work pointing to the importance of
intraspecific variation for ecological and evolutionary pro-
cesses [14-22]. At present, most of this work focuses on
genetic differences or differences in resource use (but
see [15,21]). Our review shows that personality differences
are an important third dimension of ecologically and
evolutionary relevant intraspecific variation.

Personality differences matter. First, personality differ-
ences refer to variation that is highly structured both over
time and across different situations and contexts. We have
seen that precisely this structure can trigger ecological and
evolutionary consequences that would not be expected in
the presence of less structured variation [see our discus-
sions of the pace-of-life syndrome (Implication 1), social
evolution (Implication 7), evolvability (Implication 10), and
magic traits in the context of speciation (Implication 12)].
Second, several personality traits are linked to movement
in space and we have seen that the resulting non-random
distribution and interaction structure of phenotypes can
have substantial ecological and evolutionary consequences
(Implication 5, but also Implications 2, 4, and 6). Third,
personality differences promote the emergence of all kinds
of other ecologically and evolutionarily relevant differences
(Box 2), for example, life-history differences (Implication
1), physiological and neurobiological differences, and dif-
ferences in the spread of information and disease (Impli-
cation 6). Fourth, personality differences are an important,
yet up to now largely neglected, dimension of biodiversity,
affecting the stability, resilience, and persistence of popu-
lations, communities, and whole ecosystems both at eco-
logical (Implication 3) and evolutionary (Implications 8
and 10) timescales.

We are aware of the fact that several of the above
implications are based on plausibility arguments and sug-
gestive case studies rather than on firm evidence. In our
opinion, this does not invalidate our arguments. Instead, it
reflects the fact that, until recently, within-population
differences in behavioral type were largely neglected by
ecologists, whereas the potential role of such differences
as an important driver of ecological and evolutionary
change was insufficiently appreciated by theoreticians
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and empirical biologists alike. What is needed now is
the development of models translating verbal arguments
on the consequences of personality differences into clear-
cut (quantitative) predictions, and empirical research to
test these predictions.
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