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Abstract. Behaviour ecology has become a popular research area, and its
importance in understanding the evolution, ecology and diversity of life on
Earth is now fully recognised. More recently, consistent differences between
individuals (including personality traits) have become the target of animal
studies, and such differences have been reported in a wide range of inver-
tebrate and vertebrate taxa. The study of animal personality has expanded
in the last decade, and it now benefits from a clear theoretical framework,
supported by empirical evidence. Many studies report that personality traits
influence individual fitness, but it is not clear how and why this happens.
The present review explores this gap in the current knowledge and provides
a comprehensive perspective of the main arguments put forward to explain
why individuals’ personality traits influence their fitness. Specifically, I in-
vestigate (a) how is personality associated with life-history and reproductive
investment, (b) how personality traits can represent the basis of mate choice,
and what are the implications of assortative mating based on personality, and
(c) how personality can impact the amplitude and outcomes of intra-familial
conflicts. Additionally, I aim to identify the main knowledge gaps on the sub-
ject and provide some general guidelines for future theoretical and empirical
work, and also briefly highlight the broad impacts that personality research
has for evolutionary biology and ecology, as well as for applied conservation.
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Introduction

Behavioural ecology and the birth of
personality research. Behavioural ecol-
ogy describes the evolutionary basis of animal
behaviour i.e. it investigates how and why be-
haviours are maintained by Darwinian selec-
tion (Alcock 2009). This area of Biology was
born in the 1940s, with the pioneer works of
Niko Tinbergen, Konrad Lorenz & Karl von
Frisch. Descriptions and interpretations of ani-
mal behaviour exist since Antiquity; however,
it was these three researchers who structured
the study of behaviour as a systematic research
area, with core hypotheses and predictions,
tested by experiments and/or correlational
studies.

Behavioural ecology generally aims at an-
swering four main questions about animal
behaviour, as postulated by Niko Tinbergen:
(1) what is the underlying mechanism of be-
haviour?, (ii) how does behaviour develop?,
(ii1) what is the current function of behaviour?,
and (iv) what is the evolutionary history of
behaviour?. Central interdependent themes
within behavioural ecology include: the study
of reproductive behaviour and sexual selection
(mating systems, courtship behaviour, sperm
competition), the study of sociality (group liv-
ing, cooperation between and within species,
altruistic behaviour, mutualism), the study
of communication between animals (signals,
mimicry, deceit), as well as the study of fam-
ily interactions, migration, feeding behav-
iour, brood parasitism etc, virtually any type
of behaviour animals show (Alcock 2009) At
present, behavioural ecology is a fully estab-
lished area of research, with a multitude of pa-
pers being published annually in high profile
biological journals.

More recently, a new area of research within
behavioural ecology has risen: the study of an-
imal personality i.e. the study of differences in
behaviour between individuals that are consist-
ent in time and across contexts (Dall et al.2004,
Reale et al.2007, Smith & Blumstein 2008).
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Variability in individual behaviour has been
repeatedly reported since the 1970s, however,
such differences were in general interpreted as
noise in the data (Dall et al.2004, Reale et al.
2007, Schuett et al. 2010). The systematic in-
vestigation of personality started in the 2000s,
following a few studies that established the ba-
sic ideas in the 1990s (e.g. Verbeek et al. 1994,
Godin & Dugatkin 1996, Budaev et al. 1999).

The concept of a personality trait is de-
scribed by two key points: high inter-individu-
al and low-intra-individual variation in behav-
iour (Schuett et al. 2010); that is, individuals
clearly differ between each other but are con-
sistent in their behaviours across contexts and
in time. Reale et al. (2007) defined five main
personality traits: boldness (individual incli-
nation to take risks), exploration (individual
affinity to explore new environments), activ-
ity, aggressiveness (individual antagonistic
behaviour directed towards conspecifics), and
sociability (individual inclination to engage in
social interactions). The field of personality
research has been pronged by semantic argu-
ments over terminology, some of which are
outlined in Box 1. In recent years, however, a
general consensus in terminology and on the
methods used for measuring personality traits
has emerged, (Box 2, Reale et al. 2007), which
means personality research benefits now from
an established conceptual framework.

Personality research so far: influenc-
es on individual fitness. Personality traits
have been studied in relation to a wide range of
functional contexts (Table 1), and have further
been correlated with multiple fitness measure-
ments (see notable lists of such studies in Re-
ale etal. 2007, Schuett et al. 2010) and life-his-
tory traits (e.g. growth, onset of reproduction,
age at sexual maturity, etc. reviewed by Biro &
Stamps 2008).

A recent meta-analysis of personality stud-
ies reveals that bold individuals have more oft-
spring, but reduced survival compared to shy
ones. Exploration scores weakly correlate with
survival and aggression has a small positive ef-



Chira

Box 1. Terminology

There are a multitude of terms authors use as synonyms
to personality: behavioural type (Sih et al. 2004a, Sih et
al. 2012), behaviour axis, personality dimension (Smith
& Blumstein 2008), temperament, coping style (Reale
et al. 2007), and behavioural syndrome. The term tem-
perament, however, is mostly used in anthropomorphic
studies. Also, coping style is generally avoided, as it
rather describes a behavioural strategy to a specific set
of conditions, and not a singular personality trait (Sih et
al. 2004a).

Behavioural syndrome (BS) is a more complicated
term that still creates much confusion, and different au-
thors use it in different contexts. Sometimes, a BS is used
to describe the same idea as personality — a correlation
between individual behaviour across functional contexts
(Sih et al. 2004a,b, Smith & Blumstein 2008, Dall et al.
2012). In this paper, however, [ will use a BS to express a
correlation between personality traits (sensu Dingemanse
& Reale 2005, Sih & Bell 2008); e.g. bolder individu-
als are more aggressive too. Stamps & Groothius (2010)
detail this definition by noting that a BS defines correla-
tions between behaviours in time OR across functional
contexts, whereas a personality trait refers to behaviours
correlated across temporal AND functional contexts.

Individuals express their personality traits while for-
aging, feeding their young or mating — and these have
been defined as functional contexts or domains (Sih et
al. 2004b, Reale et al. 2007, Schuett et al. 2008, Dall et
al. 2012). A situation represents the general current con-
ditions in which an individual expresses its personality
traits (e.g. breeding/non-breeding season, or current food
levels; Sih et al. 2004b).

fect on both survival and reproductive success
(Smith & Blumstein 2008). The authors used
data extracted from 31 papers in which natu-
ralistic observations, coding of behaviour and
rating were used to quantify personality traits
sensu Reale et al. (2007). The meta-analysis
compiles results from studies on arthropods,
fish, birds, and mammals, showing that per-
sonality traits are not trivial, rather they can
have important implications for the ecology
and evolution of a wide range of species (Dall
et al. 2012).

So far, personality has been linked with fit-
ness measurements such as: individual sur-
vival (e.g. Dugatkin 1992), individual ability
to respond to environmental fluctuations (e.g.
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Box 2. Methods for measuring personality

Since the definitions of the five main personality traits
have been universally accepted (Reale et al. 2007), a gen-
eral agreement on the methods used to quantify personality
has emerged quickly. Variation in methodology still exists
because of obvious differences in the study systems (for
example wild versus laboratory studies); however, authors
now have a clear understanding of what they are measur-
ing, which makes methodology standard across studies.

Exploratory behaviour is universally quantified us-
ing by the open field test, which quantifies the response
of individuals when introduced to a novel environment.
For example in birds, exploratory behaviour is generally
measured by introducing individuals into an aviary with
artificial trees (an unexplored environment). Exploration
scores are established based on: number of trees birds
sample, number of hops and flights while on a particular
tree, time spent on a tree before moving forward, etc. (e.g.
Groothius & Carere 2004).

Aggression (i.e. antagonistic response to conspecifics)
involves quantifying individual responses to: (i) its own
image in a mirror (standard test; Figure 1b, (ii) real or
models of conspecifics, (iii) play-back calls.

The standard boldness (response to risk) measurement
is to quantify individual response to a novel object intro-
duced in its environment. Variations to this test include
replacing the object with a model/real predator, playback
calls of predators, a human intruder, etc.

Dingemanse et al. 2004), fertilization success
(e.g. Sinn et al. 2006, Ariyomo & Watt 2012),
brood size (e.g. Kontiainen et al. 2009), oft-
spring weight at birth (e.g. Both et al. 2005,
Stapley & Keogh 2005), offspring survival to
and quality at independence (e.g. Reale et al.
2000, Sinn et al. 2006, Schuett et al. 2011b),
and finally recruitment (e.g. Dingemanse et
al. 2004, Kontiainen et al. 2009). These stud-
ies have contributed to the growing evidence
that personality affects fitness; the processes
through which these effects are mediated are,
however, a matter of continuing debate. Given
that comprehensive reviews on the links be-
tween personality and fitness are only a few
years old, it is not surprising that the mecha-
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Figure 1 (a) Exploratory behaviour of bird
species is generally measured by introduc-
ing individuals into an aviary with artificial
trees (an unexplored environment). Explora-
tion scores are established based on: number
of trees birds sample, number of hops and
flights while on a particular tree, time spent
on a tree before moving forward, etc. (e.g.
Groothius & Carere, 2004; picture from
Max-Planck Institute website; http://tinyurl.
com/ptnvwsk). (b) Schematic representations
of the mirror test used to measure aggres-
sion in the zebrafish (Danio rerio; Ariyomo,
2013). The fish is introduced into a tank with

a mirror placed on one side. Because the mir-

25cm

ror is placed at an angle, the fish perceives
its image (a potential adversary) as being
further away as it moves from tank sections
1 to 4. Aggression scores are determined by
the number of bites, and displays directed to

the mirror image, and the fish’s preference to
stay ‘closer’ (tanks 1 or 2) or ‘further’ away
(tanks 3 and 4) from its image. (drawing by
T. Ariyomo; from Ariyomo, 2013).

36 cm

Table 1 Examples of how personality traits are expressed in various functional contexts

Functional context

Expression of personality traits

Explorers travel further while searching for food compared to non-explorative

Foraging individuals (great tits, Parus major; van Oerveld & Mathyssen 2010).
Boldness correlates with dominance hierarchies within shoals (zebrafish, Danio
. rerio, Dahlbom et al. 2011).
Dominance

Exploration correlates with dominance over food resources during the non-breeding
season (great tits; Both et al. 2005).

Territory acquisition

Explorative males secure best territories (great tits, Both et al. 2005)

Female preference

Females prefer bold males to shy ones (guppies, Poecilia reticulata; Godin &
Dugatkin 1996).

Explorative females prefer explorative males (zebra finches, Taeniopygia guttata;
Schuett et al. 2011a).

Parental care

Aggressive individuals provide little for their brood (bluebirds, Sialia mexicana;
Duckworth 2006).

Aggressive individuals invest heavily in nest defence (convict cichlids, Cichlasoma

Nest defence (Archocentrus) nigrofasciatum; Budaev et al. 1999).
. Explorative individuals disperse further than non-explorers (great tits; Dingemanse
Dispersal
et al. 2003).
Boldness correlates with the tendency to shoal (European wrasse, Symphodus
ocellatus; Budaev 1997).
Sociality Slow explorers form long-term associations with few individuals, whereas fast

explorers engage in short-term interactions with many conspecifics (great tits; Aplin
etal. 2013)
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nisms underlying such links are not well un-
derstood.

Study aims. The current paper reviews the
main theoretical and empirical findings that
explain the relationship between personality
and offspring quality as a measure of parental
fitness, highlighting the progress made so far
in this field.

Firstly, I will investigate the hypothesis that
personality influences fitness via its potential
effect on reproductive investment (the life-his-
tory theory; Wolf et al. 2007). Parental care in-
volves a series of interdependent behaviours,
all related to some extent to personality traits.
I attempt to analyse how personality links with
each element in the network, and further inves-
tigate how these links interact to explain the
observed correlations between personality and
fitness (Figure 2).

Secondly, I will investigate an alternative
hypothesis through which personality can in-
fluence offspring fitness: assortative mating
based on personality traits. Assortative mat-
ing theory implies that small differences be-
tween parental personalities positively affect
offspring quality. Finally, I will briefly discuss
how personality traits can affect family inter-
actions, specifically how certain combinations
of personality scores between the members of
the family can decrease intra-familial conflicts,

male aggression = | nest defence

+ _ _ \
+
—_

foraging male provisioning

male exploration

l+

+ ‘ brood size &
territory quality _)| ofsgl;:']pg
condiion
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and thus increase fitness of offspring. This area
has received little attention so far, but the ex-
isting theoretical arguments show good poten-
tial for further work.

By the end of this review, I hope to have
highlighted three potential mechanisms by
which personality influences fitness: (i) per-
sonality of each parent guides its reproductive
investment strategy, (i1) differences in person-
ality scores between members of a pair influ-
ence the efficiency of parental care, and (iii)
specific combinations of personality scores
mediate family conflict. By bringing together
the theoretical arguments and the patchy sup-
porting evidence existing so far, I hope to have
created a general framework on which future
empirical work can develop. Another aim of
this paper is to suggest where and what type
of future work is needed in order to develop a
better understanding of the mechanisms link-
ing personality to fitness.

Personality and reproductive investment

On average, 35% of the variation observed
in individual behaviour is caused by consist-
ent differences between individuals (Bell et al.
2009). Often, however, the expression of per-
sonality traits is too subtle to be observed, or

Figure 2 Schematic representation of a multi-path-
way approach to quantifying how explora-
tion influences on parental care and fitness.
Exploration affects provisioning indirectly
because of its links with (i) aggression and
nest defence (negative feedback), and (ii)
foraging (direction of feedback is situation
dependent). Exploration can also impact
provisioning directly - high explorative
individuals are expected to invest heavily
in their current brood (positive feedback;
Wolf et al. 2007). The direct and indirect
pathways further feedback on offspring
condition. Based on arguments from: Both
et al. 2005, Hollander et al. 2007, Mutzel
et al. 2013).
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masked by more powerful forces driving be-
haviour (e.g. individual’s current energy lev-
els). What are then the functional contexts in
which we expect personality to make a notable
impact on how an individual responds? Could
personality be important in contexts related to
reproductive investment?

The life-history hypothesis - personality links
with reproductive investment

Personality traits describe how individuals re-
spond to novelty or risk (Reale et al. 2007).
Particularly, high levels of activity, explora-
tion, boldness, aggression and sociability are
closely associated with the idea of being risk-
prone i.e. ready to jump into risky situations
like exploring an unknown, potentially dan-
gerous environment, or engaging in social in-
teractions with unfamiliar individuals (Pike et
al. 2008). Individual response to risk is also the
central concept behind a well-known life-his-
tory trade-off: investment into current versus
future reproduction. Risk-prone individuals
(sometimes called Type A) adopt a high-risk
high-reward strategy, putting maximum efforts
in the current breeding event and potentially
compromising their own survival. Conversely,
Type B individuals have many, smaller pay-
offs reproduction events in their life-time
(a low risk, low reward strategy; Bennet &
Owens 2002, Reale et al. 2010).

Drawing an analogy between life-history
trade-offs and personality based on the com-
mon concept of risk allowed several authors to
elaborate the life-history theory regarding per-
sonality (Stamps 2007, Wolf et al. 2007, Biro
& Stamps 2008, Reale et al. 2010). A core hy-
pothesis is that high levels of boldness, explo-
ration, aggressiveness, sociability, and activity
associate with heavy investment in current re-
production. Therefore, based on the life-his-
tory theory, we expect personality traits to be
highly relevant in the context of reproductive
investment, and consequently, have a notable
impact on individual fitness. Further, the pre-

diction is that bold, aggressive, explorative,
352

Review article

active, extrovert individuals make the most
out of every breeding event i.e. they get best
territories, start breeding early, maximise lev-
els of parental care (especially provisioning),
and invest heavily in nest building and defence
(Wolf et al. 2007).

So far, most studies focused on the relation-
ship between personality and two important
functional contexts related to the breeding at-
tempt: nest defence and provisioning (Table 2).
As it can be seen from the summarising table,
the influence of personality on reproductive
investment follows some general directions,
some in contradiction and some in agreement
with the life-history theory.

Personality and nest defence

Nest defence is a key form of reproductive
investment, and it can play an important role
in offspring survival (e.g. Blancher 1982, Wei-
dinger 2002, Andersson & Waldeck 2006).
Nests can be threatened by predators, conspe-
cifics, or other intruders such as humans, which
the pair tries to chase away by attacking direct-
ly, giving alarm calls, performing displays to
distract predators, etc. (e.g. Hendrichsen et al.
2006, Carillo & Aparicio 2008, Randler 2013).
Several studies report that over 50% of varia-
tion in nest defence seen in wild populations
is explained by consistent differences between
individuals i.e. personality (Kontiainen et al.
2009, Betini & Norris 2011, Burtka and Grind-
staff 2013). Further, as predicted by the life-
history theory, aggressiveness and exploration
scores have been found to correlate positively
with nest defence in several species (Table 2a).
Such findings show that personality traits do
influence the amount of effort individuals in-
vest in defending their nest; moreover, this re-
lationship drives variation in recruitment (and
implicitly offspring quality) between individu-
als in some cases (Kontiainen et al. 2009, Beti-
ni & Norris 2011).
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Table 2 Examples of empirical studies investigating the impact of personality traits on (a) nest defence*
and (b) provisioning. Positive / negative correlations between personality traits and the functional
contexts of interest are indicated by a “+” or “-*“ sign, respectively; “0” means that no correlation
between personality and defence/provisioning has found

(a) Nest defence

Personality

Species

Aggressiveness Exploration

References

Males Females Males Females

Great tits (Parus major)
Convict cichlids (Cichlasoma nigrofasciatum) +

Bluebirds (Sialia mexicana) +

+ + Hollander et al. 2008
Budaev et al. 1999

Duckworth 2006

(b) Provisioning

Personality

Species

Aggressiveness Boldness

Exploration References

Males Fem  Males Fem Males Fem
ey (Cichlasoma : -+ 4+ + + Budaevetal 1999
Blue tits (Cyanistes caeruleus) - 0 +  Mutzel et al. 2013
Bluebirds (Sialia mexicana) - 0 Duckworth 2006
House wrens (Troglodytes aedon) - 0 Barnett et al. 2012
Great tits (Parus major) 0 0  Patrick & Browning 2011
House mice (Mus domesticus) + Benus & Rondigs 1996
Ural owls (Strix uralensis) + Kontiainen et al. 2009

Note. *defending the nest means taking a considerable risk, thus nest defence can be itself considered a measure of bold-
ness; however, only studies that measure independently nest defence (as a functional context) and personality traits, and
then draw correlations between them have been used in this table.

Personality and provisioning

Provisioning is a key form of parental care, and
it directly influences offspring condition (e.g.
Hager and Johnstone 2006, Schwagmeyer and
Mock 2008). As is the case with nest defence,
a significant proportion of the variation in pro-
visioning is caused by repeatable, consistent
differences between individuals (Westneat et
al. 2011), which supports the prediction that
personality traits influence parental invest-
ment. So far, provisioning has been studied
in relation to exploration, aggressiveness, and
boldness.

Aggressiveness and provisioning. The
relationship between aggression and paren-
tal care is a well-studied topic in behavioural

ecology; however, only the more recent stud-
ies interpret and quantify aggression following
the terminology and standard methods estab-
lished within the modern personality frame-
work (Box1; Box 2). As it has been reported in
the past, recent personality studies show that,
in most cases, aggressiveness correlates nega-
tively with levels of provisioning (Table 2b).
These findings are rather intuitive. Individuals
cannot maximise all aspects of reproductive
investment, so trade-offs usually exist between
the efforts directed to various investment con-
texts (Bennet & Owens 2002). Aggression is a
measure of combat abilities, so it makes sense
for aggressive individuals to invest heavily in
defence, minimizing provisioning rates (Mark-
man et al. 1995). The negative feedback ag-
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gressiveness has on provisioning is mainly
mediated via hormonal pathways; generally,
aggressive individuals have high testosterone
levels, a hormone which decreases affiliation
to young and parental care levels (the so called
T-mediated trade-off; e.g. McGlothlin et al.
2007, Rodgers et al. 2013). All in all, aggres-
siveness has a considerable negative impact on
provisioning. Further, the aggression-provi-
sioning relationship has been found to impact
offspring condition, either negatively (because
of decreased parental care; Duckworth 2006)
or positively (because the partner overcom-
pensates; Mutzel et al. 2013).

Exploration and provisioning. The
link between exploration and provisioning has
only been recently dealt with, and in general,
studies report weak or no correlations between
explorative behaviour and provisioning (Table
2b). However, exploration does affect several
contexts linked with provisioning (notably
foraging, dispersal, and territory acquisition).
Because of these relationships, exploration
is thought to feedback indirectly on parental
care, an argument (so far, an untested hypoth-
esis) authors use to explain why exploration
correlates with offspring condition in several
studies (e.g. Both et al. 2005, Schuett et al.
2011b, Gabriel & Black 2012).

Several correlational studies (especially on
great tits) report that exploration is closely
linked with foraging strategies. Slow ex-
plorative individuals are thorough foragers
(Verbeek et al. 1994); whereas fast explorers
quickly sample many food sources, which they
exploit superficially (Herborn et al. 2010).
When a faced with a decrease in food supplies,
explorative individuals more rapidly try find-
ing new food sources, and they travel further
to find them compared to non-explorers (van
Oerveld & Mathyssen 2010); explorers would
also readily go into a dangerous environment
to access a potential good food patch (Quinn
et al. 2012). Further, fast explorers more rap-
idly form feeding routines than slow explorers
(Herborn et al. 2010). Therefore, fast explor-
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ers adopt a high reward — high risk strategy
while foraging, as predicted by the life-history
theory. Fast explorers also disperse far (Dinge-
manse et al. 2003), and male explorers tend to
find and secure good quality territories (Both
et al. 2005).

Based on the observed correlations men-
tioned previously, a set of predictions have
been elaborated regarding exploration and fit-
ness. In good years, fast explorers are expected
to do best - they can get hold of territories with
abundant resources that they exploit quickly,
which allows them provide for their young at
a fast pace. In poor years, however, resources
and good territories are rare. Slow explorers
should be at an advantage then, as their thor-
ough foraging strategy allows them to find the
scarce food sources, and then exploit them until
depletion (Both et al. 2005, Patrick & Brown-
ing 2011, Mutzel et al. 2013). These lines of
reasoning are supported by empirical data:
generally, fast explorers recruit more offspring
than slow ones in good years, but the reverse
is true in poor year (Dingemanse et al. 2004).
Also, slow explorative females do better com-
pared to fast ones on poor territories (Schuett
et al. 2011b). Therefore, exploration behaviour
is linked with the ability to secure and exploit
food sources, which naturally feedbacks on
the amount of resources parents can provide to
their offspring i.e. the quality of parental care,
and consequently on offspring quality. There
are, however, several factors that complicate
these links, namely the trade-off between pro-
visioning and defence or the distribution of
food resources; also offspring themselves have
a say in determining provisioning rates (Box
3).

To sum up, as predicted by the theory, per-
sonality is greatly expressed in contexts related
to the breeding attempt. Personality traits affect
(1) how much resources individuals invest in
the current reproduction event (the life-history
theory), and (i1) the ability of individuals to
provide good parental care (exploration in par-
ticular because of its links with foraging suc-



Chira

cess and territory acquisition). Further, these
relationships explain (to some extent at least)
the differences in fitness in terms of offspring
condition and recruitment between individuals
at the opposite ends of each personality trait
spectrum.

Assortative mating based on personality
traits

Personality traits affect individual reproductive
investment, but they can also influence fitness
by acting at the level of the pair; specifically,
assortative mating based on personality traits
can positively influence offspring condition.
In behavioural ecology, assortative mat-
ing describes a situation in which individuals
choose mates that are similar to them to the
detriment of dissimilar individuals, even if the
latter are of better quality (Burley 1983, Jiag
et al. 2013). Individuals can choose a mate of
similar morphology to them (e.g. Pryke & Grif-
fith 2007, Bortolotti et al. 2008, Martin, 2013),
or behaviour (e.g. Bearhop et al. 2005). Mating
assortatively is beneficial if: (i) similarity at
the genetic level gives offspring an advantage,
and/or (i1) similarity in behaviour between par-
ents increases the efficiency of mating and/or
parental care. If such benefits are higher than

How does parental personality ...

the costs of mating with a lower quality part-
ner, assortative mating is adaptive (Schuett et
al. 2010). Several studies show that assorta-
tive mating based on personality exists (e.g.
Schuett et al. 2011a, Kralj-Fiser et al. 2013),
and moreover, pairs similar in personality have
a fitness advantage in terms of increased fer-
tilization success (e.g. Sinn et al. 2006), off-
spring size (e.g. Both et al. 2005, Stapley &
Keogh 2006, Schuett et al. 2011b), offspring
numbers (e.g. Budaev et al. 1999, Ariyomo &
Watt 2013), and fledgling success (e.g. Gabriel
& Black 2012).

Assortative mating increases the compatibil-
ity of the pair

What makes personality-assorted pairs more
successful than dissimilar ones? So far, the
literature supports hypothesis (ii) i.e. assorted
pairs do not offer their offspring superior gene
combinations; rather they provide good paren-
tal care for their young. The most elegant proof
for this argument comes from a study on zebra
finches. In these species, pairs similar in their
exploration scores raise better offspring than
dissimilar pairs; a cross-fostering experiment
showed that all variance in offspring quality is
explained by personality differences between
foster parents and not genetic ones (Schuett et

Box 3. Why isn’t exploration more obviously linked with provisioning?

Exploration correlates with aggression and boldness
(Verbeek et al. 1994, Budaev et al. 1999, Herborn et
al. 2010, Hyman et al. 2013), and it thus becomes im-
portant in the context of nest defence (see section 2.1.).
Therefore, as in the case with aggression, the trade-off
between care and defence weakens a potential positive
correlation between exploration and provisioning (es-
pecially in males; Mutzel et al. 2013). Furthermore, the
role of exploration in determining foraging success de-
pends on other various factors, such as the distribution
of resources (e.g. in a system with clumped food sources
fast explorers might always do best because they can mo-
nopolise and defend patches of food; Patrick & Browning
2011), or the direction of selection (as discussed above).

The link between individual personality and provision-
ing also comes with an additional complication: offspring
influence provisioning rates via their begging behaviour.
Personality traits can be expressed at very early stages in
life, including the dependent stage (Roulin et al. 2010); in
great tits, for example, more explorative young have higher
begging rates (Carere et al. 2005). Therefore, when corre-
lating parental personality with provisioning, studies must
account for brood size, sex and age of young, etc., but also
for the personality of offspring — a potential confounding
variable that has not been included in studies so far. Young
personality usually associates with parental traits, as per-
sonality is determined by a combination between genes
(Drentet al. 2003, Ariyomo & Watt 2013) and the rear-
ing environment (Carere et al. 2005, Schuett et al. 2013).
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al. 2011b). As shown in previous sections, indi-
vidual personality is linked with finding a terri-
tory, foraging, provisioning, and nest defence.
It makes sense, thus, to assume that individu-
als similar in their personality scores will also
behave similarly in the functional contexts
above-mentioned. The argument is that such
similarities cause a high behavioural compat-
ibility between partners, which is known to
increase the efficiency of parental care and,
consequently, offspring quality (Box 4).

Does similarity in personality traits between
partners increase the compatibility of the pair?
Assorted steller jays (Cyanocitta stelleri) pairs
nest earlier than dissimilar pairs, potentially
because individuals similar in their boldness
and exploration scores share the same strat-
egy while looking for a territory and nest site,
which speeds the onset of breeding (Gabriel
& Black, 2013). Also, convict cichlids pairs
similar in their exploration scores have similar
provisioning rates (correlative data; Budaev et
al. 1999). When studying such relationships an
important detail must not be overlooked: are
the partners similar in behaviour prior pair-
forming, or do they become more compatible

Box 4. Behavioural compatibility

Behavioural compatibility describes the extent to which
members of a pair accord in various functional contexts
(e.g. copulation, finding a territory, building a nest, and
further incubating the eggs and taking care of young;
Spoon et al. 2006).

High behavioural compatibility increases the success
of the breeding pair, hypothesis supported by empirical
evidence (Ryan & Altmann 2001, Gleason et al. 2012).
In cockatiels (Nymphicus hollandicus) for example, high
compatibility - quantified as low aggression levels be-
tween partners, large amounts of time spent in close prox-
imity of each other, frequent copulations, allopreening and
other affiliative behaviours - correlate with an increase
in the number of chicks raised to independence, and a
decrease in the probability of extra pair copulations and
divorce (Spoon et al. 2007); also behavioural synchrony
during incubation increases the chances of laying eggs and
hatching success (Spoon et al. 2006). In many bird spe-
cies, high percentages of synchrony in nest visits — also
a measure of pair compatibility — increase brood size and
fledgling percentages (e.g. Mariette & Griffith 2012, van
Rooij & Griffith 2013).
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as a result of spending time together? So far,
evidence shows that the levels of behavioural
compatibility and similarity in personality
scores between mates do not increase with
time, which means individuals mate assorta-
tively from the start (Spoon et al. 2006, Gabriel
& Black 2013, but see Griggio & Hoi 2011 for
contrasting conclusions). Clearly, assortative
mating based on personality is a subject with
knowledge gaps still. However, plenty predic-
tions and verbal arguments have already been
put forward (e.g. Figure 3), and it should be
only a matter of time until empirical evidence
will catch up with theoretical ideas.

Assortative mating based on consistency;
personality and family interactions

Personality traits are characterised by low
intra-individual variation, or consistency
(Schuett et al. 2010). Assortative mating based
on the consistency of personality traits has
only been shown in zebra finches, a species in
which individuals choose partners with simi-
lar inter-individual variation levels in explora-
tory behaviour (Schuett et al. 2011a), and pairs
with the same consistency in exploration have
the fittest offspring (Schuett et al. 2011b).
Fairly new theories relate the idea of con-
sistency with the resolution of inter-sexual
conflict. The consistency of personality traits
is thought to signal how predictable an individ-
ual is in various functional contexts, including
parental care (Dall et al. 2004, Schuett et al.
2010). Highly consistent individuals are like-
ly to be trustworthy and cooperate in paren-
tal effort, whereas an inconsistent individual
is likely to exploit its partner or even desert
the brood (Royle et al., 2010). It makes sense,
thus, for individuals to choose a partner similar
in consistency to them in order to avoid be-
ing exploited; as a consequence, parental con-
flict can be decreased by mating assortatively
based on consistency (Royle et al. 2010). Such
hypotheses represent scope for further work, as
no empirical studies so far have looked at how
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Figure 3 Potential pathways via which similarity in a personality trait (here explorative behaviour) can lead
to high behavioural compatibility between partners and further benefit the pair. Based on argu-
ments from: Gabriel & Black 2012, Stamps et al. 2002, Mariette & Griffith 2012, Royle et al. 2010,

Raihani et al. 2010, Shen et al. 2010

personality influences individual response to
changes in its partner parental investment (but
see Patrick & Browning, 2001, for a first step
in exploring these matters: this study showed
that great tits increase their provisioning rates
when offspring demands are enhanced, but the
rates of change are not different between fast
and slow explorers).

A few authors have started studying the role
of personality within families (e.g. Roulin et
al. 2010). These concepts are at a very incipi-
ent stage, but already several verbal arguments
have been put forward. Firstly, as discussed
above, personality traits influence cooperation
between mates, and can also mediate the con-
flict between the sexes. Secondly, personality
traits are expressed very in life i.e. even at a de-
pendent stage (Carere et al. 2005), so it makes
sense that personality also acts on parent-off-
spring conflict and sibling competition. An in-
teresting idea is that offspring can more easily
adopt an efficient strategy to maximise paren-
tal care if parents have similar personalities i.e.
parents share the same parental care strategy
(Roulin et al. 2010). This hypothesis already
received some support from studies showing

that assorted pairs raise high quality offspring
(discussed previously). Exciting further work
includes modelling the fitness pay-offs of vari-
ous combinations of parental and offspring
personalities in order to obtain the evolution-
ary stable strategies. The expectation is that
selection will favour specific combinations of
personality traits within families, depending on
the parental care system the species of interest
exhibit, local conditions and direction of selec-
tion, etc. (Roulin et al. 2010).

Personality beyond behavioural ecol-
ogy. The implications of personality traits on
ecology and evolution are now starting to re-
ceive attention (Dall et al. 2012). First of all,
personality has received attention from evolu-
tionary ecologists (Dingemanse & Wolf 2013).
For example, the existence of fixed differences
in behaviour between individuals contradicts
fundamental ideas regarding the flexibility and
adaptability of behaviours (e.g. Wolf & Weiss-
ing, 2010). In addition, personality is studied
in relation to individual niche specialisation,
division of labour and stability in social groups
(Bergmuller et al. 2010, Carter et al. 2014).
Secondly, personality impacts on the ecology
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of populations. For example, explorative be-
haviour is known to associate with dispersal
abilities (e.g. Dingemanse et al. 2003), and
ultimately with the capacity of individuals to
colonise new habitats (e.g. Brodin et al. 2013).
Following similar arguments, personality has
been linked with the outcome of intra/inter-
specific competition or predator-prey interac-
tions, and therefore with population dynamics,
species abundance, speciation, and ecological
displacements (see Sih et al. 2012 review).
Thirdly, personality is considered when deal-
ing with conservation issues. Behavioural
types associate with the idea of coping with
risk and novelty, which naturally links with
individual ability to adapt in the face of urban-
isation and climate change (Sih et al. 2012).
Moreover, personality affects fitness and (as
the present review highlights) offspring qual-
ity, therefore it is not surprising that conserva-
tion programmes have started to take notice at
such behavioural parameters for the rehabilita-
tion of greatly endangered species.

Conclusions

Personality traits have become a self-contained,
influential subject in behavioural ecology. Cor-
relations between personality and fitness have
already been reported by many studies, and we
are now beginning to understand the underly-
ing mechanisms behind such relationships.
Personality acts both at the individual and
the pair level. Firstly, differences in personal-
ity explain a significant part of the variation
seen in reproductive investment between indi-
viduals. Secondly, assortative mating based on
personality increases the behavioural compat-
ibility between partners, and consequently the
efficiency of parental care. Lastly, personality
traits alleviate intra-familial conflicts, and they
can influence the outcome of family interac-
tions.

There are many gaps in our current under-
standing of animal personality. For example,
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personality has never been studied in relation
to nest building — a key form of reproductive
investment and a functional context where
high compatibility between partners could be
advantageous (for example, highly compatible
partners could potentially build their nest fast).
The big advantage of studying the expression
of personality traits at this stage of the breed-
ing attempt is the absence of offspring. With
no young, the results are not complicated by
the additional feedback loops offspring have
on parental care (see Box 3). The subject of
assortative mating based on personality also
requires future comprehensive studies that will
(1) estimate the personality of partners before
and after the pair is formed, (ii) estimate the
influence of individual personality on various
forms of reproductive investment, (iii) corre-
late the similarity in personality between mates
with the behavioural compatibility of the pair,
and (iv) relate compatibility with offspring
success.

As knowledge in the subject grows, prob-
ably more variation in behaviour that has been
left unexplained until the present will be attrib-
uted to personality traits. Personality research
also opens doors for new ideas; particularly,
the role of personality traits within families
promises many opportunities for theoretical
and empirical further work.
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