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Individual deviation from behavioural correlations: a simple
approach to study the evolution of behavioural syndromes

Gabor Herczeg ¢ Laszl6 Zsolt Garamszegi

Abstract The study of correlations between different
behaviours in a population—referred to as behavioural
syndromes—has begun to flourish during recent years.
However, the evolutionary mechanisms that cause behav-
ioural traits to vary non-independently from each other are
still poorly understood. Here, we bring behavioural syn-
dromes into a new perspective, in which the phenomenon is
regarded at the individual level and on a continuous scale
instead of as a population-level presence/absence trait. As
the correlation between behaviours is never perfect (i.e. r<

1), individuals are likely to vary in how consistently they
behave. Therefore, we can predict that if behavioural
syndromes at the population level are results of natural
selection, the consistency in a suite of behaviours—and not
the behavioural configuration per se—should be heritable
and involve fitness advantages at the individual level. We
define a variable that describes the individual deviation
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from the hypothetical perfect correlation predicted by the
syndrome. The use of such a variable depicting the
consistency of behaviours of individuals allows us to make
solid evolutionary inferences about correlated behaviours
from patterns of individual instead of population variation.
We suggest that, by adopting the concept of syndrome
deviation, understanding the evolution of behavioural
syndromes and, in particular, testing competing evolution-
ary hypotheses about the origin of behavioural syndromes
becomes possible in a more rigorous manner than before.

Keywords Behavioural consistency - Behavioural
syndrome - Behavioural type - Personality - Syndrome
deviation - Temperament

Main concepts in behavioural syndrome research
What is behavioural syndrome?

While correlations between different behaviours were
described already a good while ago (Huntingford 1976),
ethologists and behavioural ecologists continued to study
behavioural traits (e.g. aggression, foraging) and ecological
contexts (e.g. mating vs. non-mating seasons) in isolation
from each other assuming case-by-case individual optimi-
sation. However, the interest has recently turned towards
analysing behavioural traits across different contexts (e.g.
aggression towards competitors and own offspring) or
analysing a suite of behavioural traits (e.g. aggression
towards conspecifics and risk-taking in the presence of
predators) together. When correlations across contexts and/
or behavioural traits exist, the resulting phenomenon bears
a close resemblance to human personality (Gosling 2001).
Such correlations are often referred to as ‘behavioural
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syndromes’, ‘temperament’ or ‘animal personality’ (for
reviews on the concept see: Gosling 2001; Sih et al.
2004a, b; Bell 2007; Réale et al. 2007; Sih and Bell 2008).
However, in our view, these terms are not to be used as
synonyms. In this paper, we use the term ‘behavioural
syndrome’ when referring to correlated behaviours and
consider only correlations between different behaviours or
behaviours in different contexts under such a term. We use
the term ‘temperament’ when referring to a hypothetical
individual characteristic that is expressed in different
biological contexts as different behaviours (i.e. tempera-
ment is expressed as the level of aggression in an intra-
sexual competition context, or as the level of risk-taking in
a predation risk context, etc.). We use the term ‘animal
personality’ to describe individual consistency in the same
behaviour across time.

Another important concept is ‘personality trait’. In a
recent review, Réale et al. (2007) classified five main
personality trait categories (viz. shyness—boldness, explora-
tion—avoidance, activity, sociability and aggression) to be
studied in behavioural syndrome research. This classifica-
tion helps in preventing the false identification of behav-
ioural syndromes based on seemingly different behavioural
traits, which in reality are just different measures of the
same personality trait (e.g. humber of aggressive displays,
number of attacks, time spent with intruder, etc. are all
measures of aggression, and will correlate without forming
a behavioural syndrome). Here, we refer to personality
traits in general when behaviours can be performed along a
continuum potentially reflecting temperament. Traits that
cannot be displayed along such a temperament axis, like
food choice, song characteristics or accuracy of ectotherm
thermoregulation, for instance, are regarded as irrelevant for
the behavioural syndrome concept, and thus we do not treat
them as personality traits as defined above. A perfect rank-
correlation between personality traits is necessarily +1 (and
not -1), as individuals along each trait can always be
ranked along an analogous temperament continuum by
inverting the scale for one trait if necessary. We note that
behavioural traits that are not personality traits by our
definition (see above), i.e. they are not potential manifes-
tations of temperament, can also be tested in correlations,
and thus the approach outlined in this paper can be adapted
to them after negative correlations are transformed to
positive.

Finally, it is very important to make a clear distinction
between the terms ‘behavioural syndrome’ and ‘behaviou-
ral type’ when multiple personality traits are studied on the
same individuals. Behavioural syndrome refers to a
“correlation between rank—order differences between indi-
viduals” (Bell 2007; Fig. 1), whereas behavioural type is
defined as “a particular configuration of behaviours” (Bell
2007; Fig. 1). From these definitions, two important
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Fig. 1 Schematic representation of behavioural syndrome and
behavioural type (modified after Bell 2007). Behavioural syndrome
is the existence of a rank—order correlation between two personality
traits (group-level trait) while behavioural type is the individual
configuration of the personality traits (individual-level trait). Note that
the line is shown only for illustrative purposes

realisations emerge. First, the presence or absence of
behavioural syndromes can only be studied with reference
to a group of individuals (usually population). Second, even
when an individual is described using several personality
traits, one cannot speak about behavioural syndromes, only
about behavioural types (e.g. Herczeg et al. 2009; David et
al. 2011).

Origins of behavioural syndromes: adaptive vs. constraint
hypotheses and their limited testability

The most challenging evolutionary question associated with
behavioural syndromes is the origin of the non-
independence of seemingly different personality traits like
aggression and boldness towards predators. Two main
hypotheses—known as the constraint and adaptive hypoth-
eses—have been evoked to explain concerted evolution of
personality traits (Bell 2005). The constraint hypothesis is
based on the assumption that a shared proximate link, e.g.
the same hormone affecting different behaviours (Ketterson
and Nolan 1999), or genetic correlations (van Oers et al.

2005) between personality traits, are responsible for the
behavioural syndrome. In contrast, the adaptive hypoth-
esis states that correlations between personality traits
emerge only when the correlation itself is adaptive (Bell

2005). In other words, according to the constraint
hypothesis, behavioural syndromes constrain evolution,
while according to the adaptive hypothesis, behavioural
syndromes emerge as adaptive responses to selection
favouring particular syndromes (for more details, see, e.g.
Carere et al 2010, Dingemanse and Wolf 2010, Wolf and
Weissing 2010).



There are only a limited number of studies available where
the results were (or can be) used to test the evolutionary
hypotheses behind behavioural syndromes (Table 1). Further-
more, most of these studies suffer from logistic constraints,
like low number of studied populations or the use of wild-
caught individuals, making solid evolutionary inference
challenging. The general problem with using wild-caught
individuals in evolutionary studies is recognised (e.g. Meril&
2009). Furthermore, it has been shown how environmentally
induced phenotypic plasticity is involved in the emergence
of behavioural syndromes (Bell and Sih 2007). The single
study to date that actually tested the correlation between
environmental variation and the presence/absence of behav-
ioural syndromes statistically (using wild-caught individuals)
supported the adaptive hypothesis (Dingemanse et al. 2007).
Despite this limited support for the adaptive nature of
behavioural correlations, different explanations for the
adaptive basis of behavioural syndromes have already been
advanced (e.g. Stamps 2007, Wolf et al. 2007).

Most of the studies that investigated the evolutionary
determinants of behavioural syndromes relied on a com-
parison of different populations of the same species
experiencing different selection regimes (Table 1). There-
fore, the basis for comparison is the presence/absence of the
syndrome within a population, which is an all-or-nothing
categorisation based on the significance of behavioural
correlations observed within a population. In this way,
between-individual variation in contributing to the behav-
ioural syndromes within a population is disregarded, and
selection acting on individuals remains unexplored. More-

Table 1 Studies where the presence/absence of behavioural syn-
dromes was compared between populations. ‘Conclusion’ refers to
conclusions regarding the competing evolutionary hypotheses behind

over, the comparison of populations necessarily suffers from
low sample sizes, which are limited to the number of
populations being compared, making generalisations difficult.
Perhaps the most significant problem in evolutionary
ecology of behavioural syndromes is rooted in the definition
of behavioural syndrome and how it can be measured. A
behavioural syndrome is a presence/absence trait at the group
level (Fig. 1), yet individual level estimates are needed both
for quantitative genetic and fitness studies. Thus far,
researchers have focused on analysing the quantitative
genetics or fitness consequences of personality traits sepa-
rately, without considering behavioural syndromes (e.g.
Drent et al. 2003; Dingemanse et al. 2004, 2009; van Oers
et al. 2004; Smith and Blumstein 2008). These results are
very important for understanding the evolution of behaviour/
animal personality but do not directly help us in understand-
ing the existence and evolution of behavioural syndromes.

The concept of syndrome deviation: individual-specific
inconsistency in the performance of different behaviours

In a recent review, Dingemanse et al. (2010) proposed an
exciting method (behavioural reaction norm approach) to
study animal personality based on repeated measures of a
personality trait in the same individuals along environmen-
tal gradients. This method allows us to uncouple animal
personality and behavioural plasticity and to study their
interaction (consistent individual differences in plasticity).
By partitioning the variance in the same behavioural trait

behavioural syndromes. The question marks in the ‘Conclusion’
column denote cases where such conclusions cannot be drawn

Study species Study objects N Personality traits Results Conclusion Study
Agelenopsis  Wild-caught/F1 2 Aggression, boldness Behavioural syndromes in ? Riechert and Hedrick
aperta common garden both populations (1993)
Gasterosteus  F1 common 2 Activity, aggression, Behavioural syndromes in the Rejecting the Bell and Stamps (2004)
aculeatus garden boldness high but not in the low constraint
predation population hypothesis
G. aculeatus Wild-caught 2 Activity, aggression, Behavioural syndromes in the Rejecting the Bell (2005)
boldness high but not in the low constraint
predation population hypothesis
G. aculeatus Wild-caught 12 Activity, aggressiveness, Behavioural syndromes in six Supporting the Dingemanse et al.
exploration high but not in six low adaptive hypothesis (2007)
predation populations
G. aculeatus Wild-caught 8 Activity, boldness, Negligible evidence for ? Brydges et al. (2008)
exploration, learning behavioural syndromes
Pungitius F1 common 4 Aggression, boldness,  Negligible evidence for ? Herczeg et al. (2009)
pungitius garden feeding activity behavioural syndromes
Anelosimus  Wild-caught 18 Attacking prey, Behavioural syndromes in all ? Pruitt et al. (2010)
studiosus exploration/boldness, populations

social tendency

N number of populations



across different contexts and different individuals based on
Dingemanse et al. (2010), one can assess the within-
individual consistency of each behavioural trait along an
environmental gradient. However, this approach does not
deal with individual consistency across different behav-
iours. Accordingly, using Dingemanse et al.’s (2010)
methodology, the evolution of animal personality (consis-
tency in a single personality trait) can be studied rigorously,
but it is not able to answer evolutionary questions about
behavioural syndromes (the correlation between personality
traits). In this paper, we provide a new method that allows
us to analyse behavioural syndromes at the individual level
and consequently study the evolution of behavioural
syndromes in detail, and demonstrate this approach through
an example analysis from a wild bird.

The correlation between behaviours, if it exists at all, is
never perfect. Most studies have detected correlations with
the strength of intermediate magnitude (median effect size
across 115 estimates r=0.22; Dochtermann 2011). Even if a
behavioural correlation is significant, the relatively weak
correlations may imply that the assessment of behaviours is
loaded with considerable noise. A recent meta-analysis of
the repeatability of behaviour found, depending on the
method used for calculation, a repeatability of 0.37—-0.47 on
average (Bell et al. 2009). Statistical approaches are
available that can account for the low repeatability of traits
(Adolph and Hardin 2007), but the application of such
correction still reveals moderate effect sizes for the
relationships between behaviours (reorrected=0.31, When
using the most conservative repeatability estimate and the
mean of the number of measures per individual—0.37 and
4.41, respectively, from Bell et al. 2009). Therefore, the
modest correlation between behaviours is only partially
caused by the low repeatability of traits. The vast majority
of the unexplained variance can be attributed to individuals
that apparently do not follow the population-level behav-
ioural syndromes (i.e. their behaviours are not predictable
from each other). Therefore, the observed correlation
between personality traits within a population is the net
effect of individuals that show behaviours at different
consistency: if most individuals display different personal-
ity traits with similar temperament (i.e. they are predict-
able), a syndrome is detected, but no syndrome can be
revealed if many individuals are ranked unpredictably along
different personality traits.

Using the concept of syndrome deviation—by quantifying
the individual deviation from (~contribution to) the hypo-
thetical perfect correlation—generates testable predictions at
the individual level. The benefits of this concept are obvious.
If population-level behavioural syndromes evolve by means
of natural selection, three requirements must be met at the
individual level (unless selection has already exhausted
genetic variation): (1) There should be consistent variation

in how much the individuals behave as predicted by the
syndrome, and this individual attribute has to be (2) heritable
and (3) linked to fitness. Hence, to understand the evolution
of behavioural syndromes, the quantitative genetic parame-
ters and the fitness of the individual contribution to the
syndrome should be quantified to reveal its evolvability and
to understand the selective forces resulting in the emergence
of behavioural syndromes at the population level.

Importantly, syndrome deviation can be meaningful not
only in cases when the correlation between behaviours is
strong and significant but also when the correlation is weak
and non-significant, and thus the behaviours (personality
traits) do not form a syndrome. In the concept of syndrome
deviation, the lack of a syndrome would imply that
individuals that behave inconsistently constitute the major
part of the population, while consistent individuals repre-
sent the minority. This is a biologically plausible situation,
and if it indicates the selective advantage of deviant
behaviours, it offers a potential explanation as to why
under some circumstances we do not detect syndromes.
Inconsistent behaviour may be advantageous when the
environment changes in an unpredictable manner, since
individuals with high behavioural plasticity or an inconsis-
tent behavioural type may be better able to adapt to these
changes. Moreover, when several environmental factors
shape different behaviours in different parts of life, those
individuals that can vary their behaviours independently
from each other will be more likely to possess the most
adaptive behavioural configuration.

How can we measure individual consistency
across behaviours?

A variable is needed that describes how well a certain
individual fits to the behavioural syndrome. Note that,
strictly speaking, a behavioural syndrome is simply the
existence of a rank—order correlation between two behav-
iours without considering the actual scale of behaviours,
and that a “perfect’ rank-correlation (i.e. when the ranks are
fully consistent) could only be +1 (Figs. 1 and 2). To
understand why behavioural syndromes evolve, one must
put aside whether a given individual is shy and peaceful or
bold and aggressive (i.e. the behavioural type sensu Bell

2007 is irrelevant). The question is how well an individual
fits to the hypothetical perfect syndrome (when the
correlation between behaviours is r=1), as the relationship
between the personality traits (more specifically the rank of
individuals across different personality traits), and not the
personality traits themselves, is supposed to be adaptive.
The deviation of a given individual’s behaviour from the
one predicted by the hypothetical perfect syndrome (for
visualisation, see Fig. 2) could be such a variable. Spear-
man’s rank correlation coefficient, which is generally used
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Fig. 2 Schematic representation of syndrome deviation, a new
method of analysing behavioural syndromes at the individual level.
Syndrome deviation describes how far an individual falls from the
estimated perfect syndrome within the given population. Filled circles
denote individuals from a perfect correlation, open circles denote
individuals with an imperfect but still strong (r;=0.75; P<0.05)
correlation. Syndrome deviation is the absolute value of the individual
deviation (d) from the perfect correlation, here shown for individuals
‘a’ and ‘b’

for testing for the presence/absence of behavioural syn-
dromes (e.g. Bell 2007), can be calculated as follows:
P

2
d a1p

fo7al— ndn2 — 1p

where rs is the coefficient, d; is the rank difference in a
certain individual and n is the sample size (number of
individuals measured). We note that, statistically, rank—
order correlations can vary between +1 or —1. However,
correlations between personality traits are biologically
meaningful on a scale that runs from 0 to +1, assuming
that personality traits are manifestations of the same
temperament in different contexts (as personality traits are
continuous measures, they can be simply inverted if
needed). Hence, the absolute value of d; describes the
individual deviation from the expectation (d;=0) under the
hypothetical perfect correlation:

SYD; Yajdij a2p

We coin this variable as ‘syndrome deviation’ (SYD),
because it describes how far an individual falls from the
hypothetical perfect syndrome within the given population
(Fig. 2), or in other words, SYD is inversely related to how
well an individual’s ranks along different behaviours are
predictable from each other. As the possible value of d;
depends on the number of individuals tested (i.e. a larger
number of individuals allows for larger deviations), similar
sample sizes are recommended for studying multiple
populations or measuring more than two personality traits.

When sample size vary between populations or differ
across traits due to, for example, missing values, problems
can arise because it alters the range of ranks. For instance,
an individual that is consistently ranked last in all
behaviours would receive different SYD scores if the ranks
span different values for different behaviours. Therefore,
when gathering similar sample sizes is impossible, d
should be corrected for d,.. (=n-1) of the given
population:

jdij
n—1

However, because relative SYD (relSYD) (Eq. 3) is a
ratio, large differences in sample size should be avoided
(note that for the sake of simplicity, we use SYD for both
simple SYD and relSYD hereafter when referring to
syndrome deviation in a general sense). The obtained
values can later be used for different comparisons within
or between populations (e.g. between populations differing
in predation pressure, between individuals with different
fitness, etc.) or for calculating quantitative genetic param-
eters. The repeatability of SYD might also be calculated by
repeated measures of the personality traits.

reISYDi Ya 03pb

An extension for behavioural syndromes formed
by more than two personality traits

Assuming that temperament is expressed in all personality
traits simultaneously, a behavioural syndrome might in-
clude more than two personality traits. Accordingly, it
might be interesting to calculate SYD across more than two
personality traits.

The most intuitive approach would be to calculate SYD
for all possible pair-wise combinations of behaviours and
then to combine paired estimates across the whole sample
of traits. Again, an important criterion to be met is that the
derived SYD estimates should be comparable across
different pairs of traits (i.e. sample size should be similar).
If this criterion is violated, calculated SYD scores should be
standardised by using Eq. 3.

If paired estimates of SYD are available, it becomes
possible to calculate the within-individual variation of SYD
across pairs of traits. Such an estimate is of high importance
because it provides information about the degree to which
an individual deviates from the syndrome in general. If
SYD is an individual-specific context-independent charac-
ter that is heritable and subject to selection, it should be
seen in every combination of personality traits considered.
Such a consistent deviation should result in SYD estimates
that are repeatable within individuals and across different
pairs of traits. If there is evidence for repeatability (e.g.
SYDs correlate across different pairs of personality traits),
different sets of SYDs can be averaged, and low values will



then subsequently indicate generally high consistency
across all behaviours, while high values will represent
individuals that systematically deviate from the hypo-
thetical perfect syndrome. However, we can also
imagine that selection variously favours different pairs
of personality traits to form a syndrome (e.g. aggression
and risk taking might coevolve due to predation
pressure, while activity and exploration might vary
non-independently due to a hormonal constraint). In
this case, different SYD levels across pairs of traits
might become adaptive for an individual, which would
not require SYD to be repeatable (i.e. SYDs do not
correlate across all pairs of personality traits), and in
fact, would render overall SYD estimates calculated
across all traits meaningless.

However, if such an overall individual-specific consis-
tency index makes sense because the syndrome is expected
to be multi-dimensional, one can calculate the consistency
index across more than two behaviours without calculating
paired estimates. Accordingly, we first need to adjust the
scale of ranks if available sample sizes vary across traits
and then estimate the variability in these standardised ranks.
This approach is based on the expectation that individuals
behaving as the syndrome predicts should be ranked
similarly across different behaviours, while deviating
individuals should receive variable ranks. In this case, the
ranks (without ties), not their paired difference, should be
brought into a common range (e.g. to 100, or to the
maximum of ranks in the behaviour with largest sample
size). Such rank standardisation can be achieved by the
following formula:

yi Yaaxip b a4b

where y; is the standardised rank in the common scale, x; is
the original rank,

Rmax=2
ays—% d5b
Xmax — Xmed
and
R
b ]/4 max - aXmed a6p
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with Ry Standing for the highest rank in the common
range (thus Rpax/2 is the median rank in the common
scale), Xmax for the highest rank in the original scale and
Xmed 1S the median rank in the original scale. Note that
this standardisation also forces ranges to scatter around
the same median (Rna/2). Using standardised and
centred ranks avoids the potential problems arising from
dissimilar distributions of the original variables. If the
common rank scale varies from 1 to 100, the numerical
value for an individual can be interpreted as the propor-

tional rank occupied in the spectrum of the given
personality trait within the whole population. The overall
consistency can be described by a measure of variability
of the standardised ranks across traits and within the
individual (e.g. the standard deviation of ranks within an
individual is a good multidimensional SYD estimate).
Individuals that follow the syndrome will consistently
have similar ranks across different behaviours and thus
will demonstrate little variation, while conspecifics that
behave inconsistently will show high variation in the
standardised rank.

Again, the calculation of the SYD index across several
behavioural traits relies on the assumption that all individ-
uals are ranked similarly along all behaviours, i.e. from less
active to the most active or from shy to bold, etc. The
combination of all behaviours into a single consistency
index does not allow the calculation of within-individual
repeatability, but personality traits can be grouped into
distinct biologically meaningful categories (e.g. based on
contextual overlap), for which SYD indices are obtainable
separately. Therefore, repeatabilities can be calculated
across different contexts (e.g. between foraging and
breeding sites, between captive and natural circumstances)
or across different periods (e.g. between egg-laying and
chick-feeding phases, between young and old ages), if
multiple behavioural data are available from the same
individual.

Above, we have derived two approaches to calculate
SYD in cases when more than two personality traits are
considered. The first method relies on a pair-wise compar-
ison of ranked traits and the subsequent averaging of the
paired difference between ranks. The second way is to
standardise individual ranks along each trait considered and
then to estimate the variance in these ranks. We suggest
choosing between the two approaches depending on the
biological question at hand. If the interest is to work with
the syndrome concept in a pair-wise fashion (e.g. one
expects different evolutionary background in the different
combination of traits) or the repeatability of SYD within
individuals is in focus, the first method may be the
preferable option. On the other hand, if there is any reason
to assume that the syndrome is composed of several
personality traits, or repeatability of SYD across different
contexts needs to be estimated, the second approach
could be followed. In fact, our method allows us to test
for the existence of multidimensional syndromes by
calculating the repeatability of SYD across pairs of
behavioural traits. If observed behaviours are the
manifestation of the same temperament (or any other
individual characteristics like parasite infection, etc.),
individual deviations from the perfect correlation should
be consistent, thus SYD should be consistent. However,
if different mechanisms mediate the correlations be-



tween different pairs of behaviours, one would not
expect SYD to be repeatable across these pairs.

An example: syndrome deviation in collared flycatchers

(Ficedula albicollis)

Data for this example originate from Garamszegi et al.’s
(2008; 2009) collared flycatcher studies, from which we

Fig. 3 Examples for behaviou-
ral syndromes and syndrome
deviations. Each figure shows
the pair-wise comparisons of
individual ranks among four
behavioural traits measured in
collared flycatchers (Garamszegi
et al. 2008, 2009). Lines (x=y)
represent the expected perfect
correlations according to the
syndrome concept. The filled
circle denotes one individual in
the different pair-wise compari-
sons. For more details, see text
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selected the following variables: exploration (exploration of
a breeding environment that was altered with a novel

object), risk-taking during aggression (the distance at which
an individual involved in a territorial conflict flees from an

approaching human), risk-taking during singing (song post-

exposure, i.e. the height of birds at singing relative to the
surrounding vegetation) and aggression (latency to attack a
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brought into a common range that varies from 1 to 100 by
using the standardisation formulas 4—6. Hence, a stand-
ardised rank of 0 indicates the least ‘active’, while 100 the
most ‘active’ individual in the given context.

Syndrome deviation (d in Fig. 3) from this expectation
can be calculated as the absolute value of the pair-wise
difference in the standardised ranks (see Formulas 1-3),
which is graphically illustrated for one individual (black
dots in Fig. 3). The correlations between the standardised
ranks are: exploration and risk-taking during aggression,
rs=0.757, N=22, P<0.001 (Fig. 3a), exploration and risk-
taking during singing, rs=0.557, N=24, P=0.005 (Fig. 3b),
exploration and aggression, r;=0.487, N=24, P=0.016
(Fig. 3c), risk-taking during aggression and risk-taking
during singing, rs=0.561, N=22, P=0.007 (Fig. 3d), risk-
taking during aggression and aggression, rs=0.348, N=22,
P=0.112 (Fig. 3e) and risk-taking during singing and
aggression, rs=0.025, N=23, P=0.911 (Fig. 3f).

There was evidence that the calculated deviation indices
vary systematically within individuals implying that SYD is
an individual-specific trait (F,3 111 =2.082, P=0.006). How-
ever, the repeatability of SYD as calculated across the pair-
wise comparisons (Fig. 3a—f) was modest (R=0.163, 95%
Cliower =0.018, 95% Clypper =0.269) which suggests that not
all personality traits are involved in the syndrome (this was
also prevalent from the correlations of the standardised
ranks). Given the consistent within-individual variation of
SYD, it can be averaged across the six comparisons. Such
a mean estimate is a good predictor of the within-
individual variation of the standardised ranks across the
four personality traits (the correlation between the esti-
mates of SYD based on our two different approaches: r=
0.981, N=26, P<0.001). Therefore, estimating individual-
specific estimates of SYD across the considered traits
makes biological sense, and it would be straightforward to
relate it to measures of fitness, which we plan to study in
the future.

Conclusions

Syndrome deviation indices are a marked step forward
because they will finally allow for the assessment of the
individual variation behind the population-level behaviou-
ral syndromes. Thus, the main steps necessary in under-
standing the evolution of any trait, namely estimating its
heritability and linking it to fitness, will be possible for
behavioural syndromes using standard methodology. For
instance, quantitative genetic parameters (additive/non-
additive genetic components, maternal effects, environmen-
tal effects, etc.) of SYD variation could be assessed either
utilising special breeding designs in the lab, or long-term
(multigenerational) datasets from natural populations. Fur-
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thermore, the fitness consequences of consistency/inconsis-
tency in a suite of behaviours can be easily studied both in
nature and in laboratory experiments by revealing the
relationship between SYD and survival/reproductive suc-
cess under various environmental conditions. Syndrome
deviation indices will also allow the use of other
approaches, like Qst-Fst comparisons to disentangle the
roles of natural selection vs. drift (Meril& and Crnokrak
2001; Leinonen et al. 2008) in the emergence (or lack) of
behavioural syndromes, or genome scans and QTL map-
ping (e.g. Schiétterer 2003; Erickson et al. 2004) to identify
the genomic regions, and ultimately the genes coding for
variation in the individual contribution to the syndromes.
By adopting the concept of syndrome deviation,a new
array of analyses on already existing data will become
possible.
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